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EXECUTIVE 
SUMMARY 

This document provides a summary of the chemical and toxicological 
information available as of October 1997 from laboratory (bench scale), 
prototype (field scale) and commercial scale CT operations at both Suncor 
and Syncrude. It focuses on CT materials produced with 800 to 1,600 mg/L 
of added gypsum. This information can be used as baseline data to address 
the environmental issues related to the large-scale deposition of this 
material. 

Consolidated (a term used by Suncor) I Composite (a terms used by 
Syncrude) Tailings, or CT, is a new technology that increases the rate of 
settling of fine particles to reduce the amount of fines segregation (i.e., the 
formation of non-segregating tailings). This process increases the rate of 
dewatering. CT is a mixture of of fresh tailings, MFT, sands and a 
coagulant (currently gypsum or calcium sulphate [CaS04]). The gypsum 
acts to reduce the separation of the fines from the larger sand particles, 
resulting in a deposit with more solids than conventional MFT. This 
process provides a relatively "rapid" conversion from the fluid tailings to a 
trafficable landscape. 

Implementation of the CT technology on a commercial scale was initiated 
by Suncor in 1996. Commissioning of this process required detailed 
monitoring of operating conditions. Of primary concern were inorganic 
chemistry balances coupled with sands and fine ratios dynamics. 
Therefore, the majority of available chemistry is for inorganics. The 
available organic chemistry and toxicological data for CT waters and solids 
are limited and cover a wide range of "process recipes", which include 
different sources of tailings materials, different sources of calcium sulphate 
coagulant, and varying coagulant concentrations. 

Physical and chemical characteristics of CT materials discussed herein 
include: a) the physical characteristics including low dissolved oxygen and 
fine grain size that may restrict plant root growth; and b) the chemical 
characteristics including inorganic constituents such as salts, ammonia and 
metals, and organic constituents such as naphthenic acids, polycyclic 
aromatic hydrocarbons and volatile organic compounds. The data described 
in this report are relevant primarily to the leaching release mechanism and 
groundwater, surface water and sediment quality issues. 

Although CT technology is a relatively new, various iterations of the 
process have been implemented since its derivation. Some of the precursor 
studies began as early as 1980; and focused on obtaining tailings that were 
suitable for vacuum or pressure filtration, or for building slopes and 
beaches (FTFC 1995). Since 1990, research topics included segregation 
boundaries, sedimentation and consolidation characteristics and chemical 
properties of the release water from non-segregating tailings (FTFC 1995). 
The most recent research has been directed at assessing the toxicity of CT 
release waters. 
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EXECUTIVE 
SUMMARY 

Some of the data presented reflect that chemical equilibrium has not yet 
been established. With continued recycling (i.e., the reuse of CT release 
water in the extraction process) conservative ions, such as chloride, sodium 
and sulphate will increase. However, it is expected that metals and organics 
(e.g., naphthenic acids) will reach equilibrium quickly and will not increase 
beyond levels recorded in current active tailings ponds. 

On the other hand, time (i.e., aged compared with fresh CT release water) is 
expected to decrease the chemical concentration of ammonia and organic 
parameters and toxicity via biological processes (e.g., 
nitrification/denitrification, bacterial mineralization), photo-oxidation and 
volatilization. For example in Suncor and Syncrude field trials, naphthenic 
acids decreased with time, although at different rates. Any coincident effect 
on major ions or metals is not expected. 

Regardless, CT release water quality is expected to be variable depending 
on operational processes and storage/treatment options. However, the same 
directional trends have been observed with both Suncor and Syncrude CT 
materials. 
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1 INTRODUCTION 

The major waste product from the Clark Hot Water Extraction (CHWE) 
process is a slurry consisting of water, unprocessed bitumen, sand and a 
fines fraction which is approximately 10% of the waste stream. This waste 
slurry is deposited in tailings ponds on both Suncor Energy Inc. (Suncor) 
and Syncrude Canada Ltd. (Syncrude) leases. The majority of the sand 
particles in the oil sands tailings stream segregate from the slurry. The 
remaining materials slowly settle to a semi-fluid deposit called "fine 
tailings". Over time (approximately five years), the fine tailings densifies 
slightly to form mature fine tails or MFT. This large volume of stored fine 
tailings provides both economic (i.e., operational costs) and environmental 
(i.e., reclamation) challenges, particularly related to dewatering (i.e., 
separating the water from the solids) of the produced fine tailings (Fine 
Tailings Fundamentals Consortium [FTFC] 1995). 

Consolidated (a term used by Suncor) I Composite (a terms used by 
Syncrude) Tailings, hereafter referred to as CT, is a new technology that 
increases the rate of settling of fine particles and reduces the amount of 
fines segregation (i.e., the formation of non-segregating tailings). CT is a 
mixture of fresh tailings, MFT, sands and a coagulant (currently gypsum or 
calcium sulphate[CaS04]). 

Although the CT process has the potential to decrease the economic and 
environmental challenges, it is a relatively new technology that is still under 
development and commercial trial. The available chemistry and 
toxicological data for CT waters and solids are limited and cover a wide 
range of "process recipes", which include different sources of tailings 
materials, different sources of calcium sulphate coagulant, and varying 
coagulant concentrations. Information about the chemical and toxicological 
properties ofCT was previously summarized in the FTFC, 1995. 

This document provides a summary of the chemical and toxicological 
information available as of October 1997 from laboratory (bench scale), 
prototype (field scale) and commercial scale CT operations at both Suncor 
and Syncrude. It focuses on CT materials produced with 800 to 1,600 mg/L 
of added gypsum. This information can be used as baseline data to address 
the environmental issues related to the large-scale deposition of this 
material. 

1.1 OBJECTIVES 

The purpose of this document is to summarize the available chemical and 
toxicological data of gypsum CT. The report includes: 

• a review of the available gypsum CT data; 
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® an annotated bibliography of the available CT reports (Appendix I); and 

® a compilation of the available chemistry and toxicological data for CT 
materials made with gypsum as a coagulant (Appendices II and III). 

1.2 CHARACTERISTICS AND CONSTITUENTS OF CT 
MATERIALS 

Potential characteristics ofCT materials that are presented herein include: 

® Inorganic Constituents - may act as stressors or toxicants 

salts 

ammoma 

metals 

hydrogen sulphide 

e Organic Constituents - may act as toxicants or carcinogens 

naphthenic acids (NA) 

polycyclic aromatic hydrocarbons (P AH) 

volatile organic compounds (VOC) 

methane 

These characteristics and constituents may impact the biological receptors 
in aquatic, wetlands and terrestrial ecosystems. Within these systems, 
various types of biota/receptors may be exposed to the chemicals of concern 
including: microbes, plants, invertebrates, vertebrates and humans. 
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2 HISTORY OF CT 

Although CT technology is relatively new, various iterations of the process 
have been tested since its derivation. Non-segregating tailings studies 
began as early as 1980; and focused on obtaining tailings that were suitable 
for vacuum or pressure filtration, or for building slopes and beaches (FTFC 
1995). Since 1990, research has focused on segregation boundaries, 
sedimentation and consolidation characteristics, and chemical properties of 
the release water from non-segregating tailings (FTFC 1995). The most 
recent research has been directed at assessing the toxicity of CT water. 

The term, non-segregating tailings (NST), was used in studies prior to 1994, 
during which lime or acid and lime were generally used to reduce 
segregation. More recently, different forms of gypsum have been used as 
the coagulant, and the terminology has changed to CT. Some of the non­
gypsum studies are included in the annotated bibliography (Appendix I) for 
completeness. 

The initial NST bench-scale research was conducted by: 

• Caughill (1992; summarized in FTFC 1995), to determine 
sedimentation and consolidation rates and hydraulic conductivity of 
tailings treated with the optimum lime concentration for Syncrude 
tailings; 

• University of Alberta (1992-93; summarized in FTFC 1995), to 
determine the segregation and sedimentation characteristics, 
consolidation rates and in-line mixing and initial pumpability for nine 
categories of solids and fines content for Syncrude tailings; and 

• University of Alberta (1993-95; summarized in FTFC 1995), to 
determine various segregation and sedimentation characteristics and 
consolidation rates for three types of tailings using a series of coagulant 
chemicals for Suncor tailings. 

The 1993-95 work conducted by the University of Alberta initiated the use 
of calcium-rich flyash as a coagulant. This led to the concept of using the 
calcium sulphate-rich by-product from the Suncor flue gas desulphization 
plant. The initial NST field-scale research was conducted by: 

• Suncor (1993-94; summarized in FTFC 1995), to determine 
geotechnical behaviour, deposit characteristics, deposition procedures, 
material management and cyclone operation, additive mixing 
procedures, pumpability, and release water chemistry for Suncor and 
Syncrude tailings; and 

• Syncrude (1994-95; summarized in FTFC 1995), to test three 
combinations of tailings with differing sands:fines ratios under two 
coagulant treatments (i.e., acid lime and CaS04) for Syncrude tailings. 

Golder Associates 
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3 CHEMICAL PROPERTIES OF CT 

Many different types of chemical analyses have been conducted on both CT 
solids and produced water. These include: conventional parameters (e.g., 
pH, conductivity, total suspended solids, alkalinity), major ions (e.g., 
sodium, chloride, sulphate), total and dissolved metals (e.g., boron, 
cadmium, molybdenum, zinc), organic parameters (e.g., total organic 
carbon, naphthenic acids, polycyclic aromatic hydrocarbons, volatile 
organic compounds, phenolics). The available data are provided in 
Appendix II and are summarized below. 

3.1 CHEMISTRY OF THE SOLIDS ASSOCIATED WITH 
GYPSUM CT 

There are limited solids chemistry data from field and commercial scale 
trials at Suncor and bench scale trials at Syncrude. Four (total) sets of CT 
solids chemistry data are available (Appendix II- Table II-A). At the time 
of this report, Suncor is the only plant operating at a commercial scale, and 
one set of CT solid sample results was available from the process 
(Appendix II -Table II-A). 

3.1.1 Inorganic Constituents 

A summary of selected inorganic constituents, divided into conventional 
parameters and metals, is provided in Table 1. Complete results of all 
parameters analysed are provided in Table II-A of Appendix II. 

3.1.1.1 Conventional Parameters 

3.1.1.2 Metals 

Conventional parameters were generally not measured during the Syncrude 
testing; and hence, a detailed comparison of the two processes is not 
possible. Conductivity was comparable among the limited samples, though 
Suncor samples tended to be lower than Syncrude's bench scale results. 
This difference may be due to the differences between Suncor and Syncrude 
ore deposits, although the study scale or gypsum source or concentration 
may also contribute to the differences observed. 

Metal levels in the Suncor field-scale solid deposits were generally lower 
than those in the Syncrude bench and Suncor commercial scale trials (Table 
1). However, metal concentrations in Syncrude bench and Suncor 
commercial trials were very similar. These differences may be due to the 
different tailings (e.g., scavenger tails were used in the Sun cor field trial 
rather than conventional plant 3 whole tailings) and different ore deposits 
used in each trial. 
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Table 1 Summary of CT Solids Inorganic Chemistry 

Syncrude Sun cor 
Commercial 

Bench Scale Field Scale Scale 
NST Deposit Low 

in Flume Gypsum 
Parameter Units Test CT RW160·1'"l CT0108-2 

Conventional Parameters and Nutrients 
Bicarbonate ppm - - 683 -
Calcium ppm - - 67 -
Chloride ppm - - 57 -
Conductivity !JS/cm - 2,440 1,536 1,750 
pH units - 7.3 - 8.7 
Sodium ppm - - 352 -
Sulphate ppm - - 127 -
Total Suspended Solids ppm - - 12,700 -
Nitrogen -Ammonia ppm - - 4.3 -

-
Total Metals 

Arsenic ppm - <20 0.04 <0.2 
Boron QJ>m - - 4.4 9 
Cadmium ppm - <0.3 0.01 <0.3 
Chromium ppm - 15.4 0.5 6.2 
Copper QQ_m - 2.7 0.2 3.8 
Lead ppm - 4.4 0.3 4 
Mercury ppm - <20 0.05 <20 
Molybdenum ppm - 1 .1 1.1 1.2 
Nickel ppm - 14.4 1.2 10.8 
Selenium ppm - <4 0.01 <0.2 
Zinc ppm - 13.6 0.9 11.9 

(a) analysis based on leachate sample. 
no data. 

3.1.2 Organic Constituents 

A summary of test results for selected organic constituents is provided in 
Table 2. Complete results of all parameters analysed are provided in Table 
II-A of Appendix II. 

Naphthenic acids were only analysed in the Suncor field trial (1 07 mg/L). 
Polycyclic aromatic hydrocarbons (PAH) were at, or near, the detection 
limit in the Syncrude bench-scale trials and slightly higher in the Suncor 
field trials. These differences may be due to the different tailings (e.g., 
scavenger tails were used in the Suncor field trial) and different ore deposits 
used in each trial. 
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Table 2 Summary of CT Solids Prganic Chemistry 

Syncrude Sun cor 
Field Scale Commercial 

Bench Scale Scale 
NST Deposit Low 

in Flume Gypsum 
Parameter Units Test CT RW160-1 1al CT0108-2 

Organics 
Total Organic Carbon ppm - - 395.0 -
Naphthenic Acids mg/L - - 107.0 -
Naphthalene (PAH) ppb <0.01 <0.04 0.02 -
Benzo(a)pyrene (PAH) ppb 0.02 0.05 0.45 -
Phenanthrene (PAH) ppb 0.46 <0.04 0.17 -
Total Detectable PAHs ppb 8.6 15.3 116.5 -
Phenol ppb - <0.02 1.3 -
(a) analysis based on leachate sample. 
- no data. 

3.2 CHEMISTRY OF THE RELEASE WATER FROM GYPSUM 
CT 

There are release water chemistry data from bench, field and commercial 
scale trials at Suncor and bench and field scale trials at Syncrude. The 
available chemistry data are provided in Appendix II and include: 

• Suncor bench scale tests which include conventional parameters, major 
ions, metals and general organics (Table II-B.l ). 

• Syncrude bench scale tests which include conventional parameters, 
major ions, metals, general organics, P AHs, polycyclic aromatic 
nitrogen heterocycles (P ANH) (Table II-B.2). 

• Suncor field and commercial scale tests which include analyses from all 
parameter groups (Tables II-C.l and II-D.l ). 

• Syncrude field scale tests which include conventional parameters, 
major ions, metals and general organics (Table II-C.2). 

However, the constituents analyzed within each parameter group were not 
necessarily the same for the different test programs. The available data are 
summarized below (Tables 3 to 5). 
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3.2.1 Inorganic Constituents 

3.2.1.1 Conventional Parameters 

Bench Scale Trials 

Field Scale Trials 

Samples for bench scale trials from both Suncor (Table II-B.l in Appendix 
II) and Syncrude (Table II-B.2 in Appendix II) were taken from May 1994 
to June 1995. The Suncor bench scale data set consists of a large sample 
size (i.e., 1 to 44 samples) of inorganic analyses, while the Syncrude data 
set was smaller (i.e., 1 to 5 samples) (Table 3 and 4). There were some 
differences between Suncor and Syncrude CT release water; for example, 
chloride and sodium were higher and ammonia and calcium were lower in 
Syncrude release water compared with Suncor release water. These 
differences may be due to different ore deposits or the source of gypsum. 
Ammonia is typically higher in oil sands process-affected waters at Suncor 
than Syncrude. Syncrude ore is typically higher in sodium than Suncor ore 
(MacKinnon and Sethi 1993). Suncor used gypsum from the Flue Gas 
Desulphurization Plant (FGD) or DOMTAR's Commercial Grade Gypsum 
(CGG); while Syncrude used Sherritt's Agricultural Grade Gypsum (AGG) 
in their bench-scale trials. Some differences in these coagulant sources 
have been observed (e.g., more metals were found to be of potential 
concern in FGD compared with AGG; Golder 1997). 

Kaperski and Mikula (1994) monitored CT release water chemistry in 
various Suncor streams mixed with FGD over the period of release water 
generation (i.e., sampled with a frequency of 1, 2, 4, 9, 10 and 28 days). 
During this generation period, sulphate often doubled after 28 day 
generation period (Table 5; Appendix II- Table II-B. I). This increase was 
due to continued exchange of ions that allows the generation of release 
water. However, if the release water is separated from the solids and then 
assessed, ions such as sulphate remain comparable (e.g., for about 5 month 
old CT release water only ± 10% variation over a 10 week period was 
observed; EVS 1995a). 

CT generation for Suncor field scale trial began in summer of 1994 and 
continued in summer of 1995 as part of Lease 86 reclamation study 
(Appendix II- Table II-C.l). Syncrude on the other hand set up its NST 
field trials in summer of 1995 (Appendix II - Table II-C.2). Chloride, 
sodium and sulphate were much higher in the Syncrude samples compared 
with those from Suncor (Table 3 and 4). Again, these differences may be 
due to: 
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Table 3 Summary of Inorganic Chemistry for CT Release Water From Suncor Trials 

Parameter1"' Bench Scale 
All Data I Fresh • 
#of 

Mean Analyses Range 

Bicarbonate 425 (38) 162 - 754 -
Carbonate 1.3 (38) 0 - 32 -
Conductivity (J.!Sicm) 3160 (2) 3090- 3090 

3230 
Chemical Oxvoen Demand 254 (2) 216-292 -
pH (units) 8 (26) 7.6-8.8 8.2 
Sulphur (total) 627 (24) 158- 1204 -

Calcium 394 _(44) 20 - 776 129 
Chloride 154 (40) 50 -366 54 
Magnesium 132 (42) 12-379 44 
Sodium 484 (42) 298-746 520 
Sulphide <0.02 (1) -
Sulphate 1546 (44) 487-3555 1270 

Nitrogen - Nitrate + Nitrite 0.5 (2) 0.05 

Nitrogen - Ammonia 7 (2) 5.7- 8.4 5.7 
Phophorus (Total) 0.002 (1) 

Boron 6.0 (26) 2.8- 11 3 
Copper 0.03 (11) 0.01- 0.02 

0.24 
Iron 0.24 (25) <DL-1.7 0.1 

Molybdenum 0.43 (5) 0.15- 0.84 0.84 
Zinc 0.12 (11) 0.01-0.24 0.08 

<al Fresh refers to CT release water analysed as it was generated. 
- Data sets that were clearly identified as such: 

Suncor bench scale- EVS (1995), 
Suncorfield scale- EVS (1996), 
Suncor commercial scale- Kot et al. (1997). 

(bl Units are mg/L except where noted otherwise. 
Notes: - = no data available. 

DL = Detection Limit. 

Field Scale 
All Data 
#of 

Mean Analyses Range 

Conventional Parameters 

422 (23) 239-2787 
4.4 (23) <DL- 34 

2133 (6) 1891-
2880 

230 (1) 
8.3 (20) 7.9-9.1 

220 (6) 186-387 
MaJor Ions 

116 (23) 33-542 
54 (23) 42-72 
20 (23) 7-80 

455 (23) 332-982 
-

868 (23) 555-2530 
Nutrients 

0.0 (15) 0.003-
0.08 

0.8 (15) 0.1-2.41 
<DL (5) 

Total Metals 
3.2 (6) 2.7-4.51 
0.0 (6) <DL- 0.03 

0.2 (6) <DL -1.01 

1.2 (6) 1.08-1.4 
0.0 (6) <DL-0.16 

Golder Associates 

Commercial Scale 
I Fresh • Pond 5 Composite I 

#of 
Mean Analyses Range Mean 

- 673 (84) 383- 1046 786 
- 0.78 (83) <DL- 28 7 

2100 2346 (34) 1380-2810 -
- - -
7.8 7.8 (84) 6.8-8.8 8.2 
- - -

100 82 (80) 8-157 32 
- 60.9 (99) 27-163 56 
- 24.7 (80) 26-46 14 
- 446 (81) 354-514 439 
- - -

640 691 (99) 140-980 373 

- 0.06 (32) 0.003- 0.8~ -

- 6.37 (3) 6.31 -8.20 -
0.01 (3) 0.01 -0.02 

- 3.44 (4) 2.63-3.62 -
- (2) <DL- 0.004 -
- 0.41 (4) <0.001- -

1.17 
- 1.07 (4) 0.99-1.14 -
- 0.026 (3) 0.021- -

0.028 

Fresh • 
#of 

Analyses Range 

(6) 685- 1046 
(6) 0-28 
-
-

(6) 7.7-8.8 
-

. 

(6) 8-53 
' (6) 42-94 
' (6) 6-17 

(6) 354-514 
-

(6) 140-519 

- -
- -

• 

. 

- -
- -

I 
- - I 
- - i 

I 

- - I 
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Table 4 Summary of Inorganic Chemistry for CT Release Water From 
Syncrude Trials 

Bench Scale 
All Data Fresh1b1 

Parameter1• 1 Mean n I Range I Mean 
Conventional Parameters 

Bicarbonate 932 800- 1093 800 859 
Carbonate 59 20- 112 20 -
Chemical Oxygen 280 260-300 260 -
Demand 
Conductivity (JJS/cm) 3575 3550-3600 3600 4603 

pH 8.8 8.4- 9.2 8.4 8.3 

Sulphur (total) 329 316-352 - -
Maiorlons 

Calcium 18.3 7.6-36 36 56 
Chloride 367 52-523 365 535 

Magnesium 10 7 5.5- 19 19 -
Sodium 1091 910-1221 910 1118 

Sulphate 1017 897- 1114 1040 1182 

Sulphide <0.0 <0.01 -
Nutrients 

Nitrogen - Nitrate + Nitrite 0.0 0.05-0.06 0.05 -
Nitrogen - Ammonia 0.4 0.35-0.49 0.49 -

Phosphorus (Total) 0.2 - - -
Total Metals 

Boron 3.0 2.26-3.6 2.26 3.5 
Copper 0.0 0.001-0.27 0.00 -
Iron 0.0 <DL-0.04 0.04 -
Molybdenum 0.1 0.134-0.24 0.15 0.2 
Zinc 0.0 <DL-0.16 0.00 -

(a) Fresh refers to CT release water analysed as it was generated. 
- Data sets that were clearly identified as such: 

Syncrude bench scale- Golder (1995b) 

Field Scale 
All Data 

n Ranae Mean 

3 671-1133 759 
- -
- -

3 3970-5180 4370 

3 8-8.6 8 

- -

3 36.2-78.6 63 
3 471-624 499 

-
3 998-1230 981 

3 1043-1322 1099 

- -

- -
- -

- -

5 2.91-4.2 4 
- -
- -

3 <0.01-0.3 -
- -

Syncrude field scale- Syncrude (1995)- no data available. 
(b) mg/L except where noted otherwise. 
Notes: DL = detection limit. 

n number of analysis. 
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Fresh1
"

1 

I n Range 

554-834 
-
-

4270-4590 

8.3-8.5 

-

52.9-76.6 
484-509 

-
945-1050 
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Table 5 Suncor CT Release Water Chemistry During Generation1al 

Parameter Unit Day2 Day 10 Day28 
Conventional Parameters and Major Ions 

Bicarbonate mg/L 516 306 269 

Calcium mg/L 553 541 533 

Chloride mg/L 90 109 112 

Fluoride mg/L 1.2 1.5 10.8 

Magnesium mg/L 94 109 132. 

pH 7.62 7.86 7.82 

Potassium mg/L 28 36 41 

Sodium mg/L 538 640 714 

Sulphate mg/L 1203 1331 2457 

Sulphur mg/L 676 898 940 
Total Metals 

Aluminum mg/L 1.3 1.3 1.2 

Arsenic mg/L <DL 0.02 -
Barium mg/L 0.055 0.036 0.043 

Boron mg/L 4.6 5 7.4 

Copper mg/L 0.006 <DL -
Iron mg/L 0.14 0.049 0.016 

Lithium mg/L 0.25 0.34 0.38 

Magnesium mg/L 94 109 132 

Manganese mg/L 0.5 0.22 -
Silicon mg/L 2.9 2.4 3.6 

Strontium mg/L 2.5 2.8 3.1 

Vanadium mg/L - 0.001 -
Zinc mg/L 0.082 0.1 -
(a) Scavenger Tails/FGDS trial; Kasperski and Mikula, 1994a; data set available in Appendix II. 

• gypsum grade (FGD vs. CGG). 

• gypsum source (DOMTAR vs. Sherritt); 

• gypsum dosage (-900-1200 mg/L by Suncor vs. 1400 mg/L by 
Syncrude ); and 

• differences in ore deposits mined. 

Porewater was also assessed in Syncrude's field scale trial (Appendix II -
Table 11-E.l). Porewater collected about 1 week after discharge ceased was 
comparable (for the major ions analysed) with porewater collected one 
month after active discharge. 

Golder Associates 
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Commercial Scale Trial 

The commercial scale trial for CT production to Pond 5 was initiated by 
Suncor in November 1995 and continues to operate (Appendix II- Table II­
D. I). The sample size for conventional parameters range from 3 to 113 
samples (Table 3). Although these data have been collected since the 
Pond's inception, they are not applicable to assess any changes over time 
since fresh CT was continually added to Pond 5. The levels of major ions 
in fresh CT release water to Pond 5 were comparable with composite 
samples collected from Pond 5, being except for sulphate which was much 
lower in the composite samples. 

Although generally comparable, there were some differences across scale 
for Suncor, most notably calcium and sulphate. This may be due to 
different dosages of gypsum among the different trials. Syncrude was 
generally similar among trials. 

3.2.1.2 Metals 

Metals analysed in Suncor and Syncrude CT release water samples were 
comparable regardless of field scale (Table 3 and 4; Appendix II). 

3.2.2 Organic Constituents 

Table 6 

Parameter 
(mg/L) 

Dissolved Organic 
Carbon 
Naphthenic Acids 

Many organic constituents were not consistently analysed at either Suncor 
or Syncrude or across scales. When these constituents were measured (e.g., 
Suncor field and commercial scales and Syncrude bench scale) they were 
low (i.e., less or near detection limits; see Appendix II), with the exception 
of parameters that are a measurement of a group of constituents (e.g., 
naphthenic acids; see Tables 6 and 7). 

Summary of CT Release Water Organic Chemistry From Stmcor 
Trials 

Bench Scale Field Scale Commercial Scale 
All Data All Data Pond 5 Composite 

Mean (#of analyses) Mean (#of analyses) Mean (#of analyses) 
Range Range Freshl•l Range 

General Organics 

60 (1) - - 50 (3) 48.5-51.7 
- -

66 (1) 78 (27) 62-100 76 69 (19) 50-87 
- -

Total Inorganic Carbon 99 (3) 69- 129 64 95) 42-139 - -
-

Total Organic Carbon 95 (3) 62 - 116 
-

lal Fresh refers to CT release water analysed as it was generated. 
- Data sets that were clearly identified as such: 

Suncor bench scale- EVS (1995) 
Suncor field scale- EVS (1996) 
Suncor commercial scale- Kot et al. (1997). 

no data available. 

76 (11) 56-236 
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Table 7 

Table 8 

Summary of CT Release Water Organic Chemistry for Syncrude 
Trials 

Bench Scale Field Scale 
All Data 

All Data Mean (#of 
Parameter Mean (#of analyses) 

(mg/L) analyses).Range Fresh(a) Range 
General Organics 

Dissolved Organic 61 (2) 55- 66.9 55 -
Carbon 
Naphthenic Acids 76 (1) 76 82 ( 17) 68-99 
Total Inorganic Carbon 160 (3) 113- 187 - -
Total Organic Carbon 212 (3) 191 -252 - -
(a) Fresh refers to CT release water analysed as it was generated. 

- Data sets that were clearly identified as such: 
Syncrude bench scale- Golder (1995b) 
Syncrude field scale- Syncrude (1995). 

no data available. 

Fresh(a) 

-
75 (1) 

-
-

Naphthenic acids were comparable (Table 6 and 7). The Suncor field scale 
trial illustrates the decrease in naphthenic acids over time (Table 8). A 
similar trend was observed in Syncrude field scale trial, although the decay 
rate was lower. This difference may be due to the length of the studies and 
the season in which they were conducted, rather than ore or process 
differences. 

Naphthenic Acids (mg/L) in Suncor and Syncrude Field Scale Trials 
OverTime 

Time (days) Suncor131 Syncrude101 

Pit 1 Pit 2 Pond 2 

0 95 95 81 
21 89 94 -
35 83 87 -
50 78 79 -
56 70 73 -
63 62 62 -
78 63 63 -
91 68 69 -
92 - - 86 

327 - - 50 

381 - - 48 

(a) CT Wetlands study in 1995; June 17 to September 18, 1995; EVS 1996. 
(b) November 23, 1995 to December 8 1996; Syncrude 1995. 

no data collected. 
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4 TOXICOLOGICAL PROPERTIES OF CT 

A variety of toxicity tests have been conducted on CT release waters from 
laboratory and field studies. Some toxicity testing is also being initiated on 
different mixtures of CT solids. 

Aquatic toxicity tests are used to detect and evaluate the potential 
toxicological effects of substances on aquatic organisms. Since these effects 
are not necessarily harmful, a principal function of these tests is to identify 
chemicals or whole effluents that can have adverse effects at low exposure 
concentrations. These tests can provide information that can be used to 
assess the risk associated with exposure of an organism to a known 
concentration of a substance. 

Aquatic toxicity tests consist of exposure of test organisms to a number of 
dilutions of the test water for a specified period. At the end of the exposure 
period, survival (acute tests) or other, non-lethal endpoints (e.g., growth, 
reproduction; chronic tests) are quantified and a dose-response relationship 
is developed. Standard statistics are calculated based on the dose-response 
curve. 

The standard statistic used to describe acute toxicity is the median lethal 
concentration (LC50), which is the concentration of test water that causes 
50% mortality. Statistics used to describe sublethal toxicity are the IC50 
and the IC25 (for "inhibition concentration"). The inhibition concentration 
is the concentration causing a given percent reduction in growth or 
reproduction. 

Toxicity tests were conducted with CT water at both the acute and chronic 
levels. Acute toxicity tests were conducted with the following organisms: 

• bacteria (Microtox); 

• two water flea species (crustaceans): Daphnia magna and Ceriodaphnia 
dubia; and 

• two fish species: rainbow trout (Oncorhynchus mykiss) and fathead 
minnow (Pimephales promelas). 

Chronic toxicity tests were conducted with the following organisms: 

• the freshwater alga Se/enastrum capricornutum (endpoint is growth); 

• the water flea Ceriodaphnia dubia (endpoint is reproduction); and 

• the fathead minnow (Pimephales promelas) (endpoint is growth). 

Golder Associates 
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Toxicity tests were first conducted with laboratory produced CT water 
(bench scale trials). Next, tests were conducted with water from field scale 
experiments and commercial scale trials. The available data are provided in 
Appendix III and summarized below. Definitions for toxicological terms 
are provided in Appendix V. 

4.1 SOLID TOXICITY OF GYPSUM CT 

Acute and chronic toxicity data for CT solids were not available, although 
some research using CT solids as a soil (i.e., amended with various 
materials such as muskeg or tailings sand) for growing various plants has 
been conducted. The results from bench scale trials (Renault and Zwiazek 
1996) and field scale trials (Xu 1997) indicated that different plants have 
different tolerances to the CT deposits. Further work is being conducted to 
assess the cause of the effects observed and mode of plant tolerance. 

4.2 RELEASE WATER TOXICITY OF GYPSUM CT 

4.2.1 

4.2.2 

The toxicity data available for CT release water (Table 9 and 1 0; Appendix 
III). Although much of the data were comparable between Suncor and 
Syncrude and across test scales, there were some differences (see below). 
These differences may be attributed to various characteristics of the test 
material (e.g., ore, gypsum source, gypsum concentration); however, there 
is insufficient data to support any conclusions at this time. 

Bersch Scale Trials 

Microtox, rainbow trout and alevin survival and Ceriodaphnia dubia 
survival were conducted for bench scale trials (Table 9; Appendix III -
Table III-A). There is no clear relationship between test organisms that can 
be derived as yet; responses vary greatly from one organism to the next. 
However, a decrease in toxicity has been observed over time. For example, 
rainbow trout survival was assessed for Suncor gypsum CT under different 
treatments in the laboratory in 1994-95, and found to vary from 0% to 
100% for fresh to older CT, respectively (EVS 1995a). Similarly, C. dubia 
7 day survival ranged from 13% (~5 months after CT production) to 100% 
(older CT) for 8 different test samples (EVS 1995a). 

Field Scale Trials 

Toxicity tests were conducted at the field level (Table 9 and 1 0; 
Appendix III- Tables III-A and III-B). Also, toxicity tests were conducted 
with different types of CT water, originating from enclosures, pits and 
trenches, and produced at different times. These release waters were treated 
with various substances (e.g., nutrients) which can probably account for 
some of the variability in the results. For example, rainbow trout LC50 

Golder Associates 
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varied from 10% to > 100% for 12 different samples showing the wide 
range of responses in the field scale trials (EVS 1996). 

A decrease in toxicity has been observed over time for certain test species. 
For example, rainbow trout survival improved from an LC50 of 60% to 
100% (n=6) (Syncrude 1995). At the chronic level, C. dubia reproduction 
improved from an IC50 of 32% to 83% over 11 months (Syncrude 1995). 
Acute toxicity to other organisms (e.g., C. dubia, D. magna) was variable 
and the number of samples were insufficient to allow for an analysis of 
trends. Chronic testing with S. capricornutum (n=4) indicated that toxicity 
increased over time, from an IC50 of 93% to 56% (Syncrude 1995). 

Commercial Scale Trial 

Toxicity test results from Suncor's commercial scale trial tended to be 
comparable with those from field scale trials (Table 9 and 1 0; Appendix III, 
Tables III-A and III-B). A decrease of the acute toxicity over time was 
observed for all test species (i.e., rainbow trout, fathead minnow, D. magna 
and C. dubia) (Table 9). 

Chronic toxicity testing for reproduction and growth inhibition of C. dubia 
and fathead minnow, respectively, seemed to show a similar decrease in 
toxicity over time (i.e, from fresh to older CT samples) as observed with the 
acute tests. A decrease of toxicity over time was observed, except for S. 
capricornutum where values increased over time (Table 1 0). However, it is 
important to note that the number of samples ranged from 3 to 5 for all test 
spectes. 

Golder Associates 
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Table 9 CT Release Water Acute Toxicity 

Suncor1• 1 Syncrude1" 1 

Toxicity Test Endpoint I Range n Range n 
Bench Scale 

Microtox IC50 - - 58-72 2 
[58)(c) [1) 

IC20 53 1 12-13 2 
Rainbow Trout LT50 4- >96 8 - -

[4 -9) [2) 
%Survival 0- 100 9 - -

Alevin %Survival 0- 100 7 - -
Ceriodaphnia dubia (7 day) %Survival 13-100 8 - -

Field Scale 
Microtox IC50 59- >100 25 54->100 39 

[>100] 
IC40 36-95 19 - -
IC30 22-45 19 - -
IC20 12->100 25 

Rainbow Trout LC25 31 1 - -
LC50 <10->100 15 60-100 6 

[60] [1J 
NOEC 25 1 - -
LOEC 50 1 - -

%Survival 0- 100 12 0-100 5 
Fathead Minnow LC50 - - 75->100 4 

[75] [11 
Survival - - 0-100 4 

Daphnia magna (48 h) LC25 >100 1 - -
LC50 >100 5 100->100 4 _I 
NOEC >100 1 - -
LOEC >100 1 - 1 

%Survival - - 100->100 4 
Ceriodaphnia dubia (7 days) LC25 44 1 - -

LC50 64 1 50-100 4 
NOEC 50 1 - -
LOEC 100 1 50-100 4 

%Survival 0-63 6 - -
Commercial Scale Trial 

Micro lox IC50 90->100 18 - -
[>91] [11 

IC20 18->9 18 - -
[32] [1] 

Rainbow Trout LC50 50- 100 4 - -
%Survival 0 1 - -

Fathead Minnow LC25 33-62 3 - -
[33] [1] 

LC50 41-74 3 - -
_[41] [1] 

NOEC 13-100 3 - -
[131 [1] 

LOEC 25-50 3 - -
[25] [1] 

Daphnia magna Survival (48 h) LC25 >100 3 - -
[>100] [1] 

LC50 >100 3 - -
[>100] [1] 

NOEC 100 3 - -
[100] [1] 

LOEC >100 3 
[>100] [i] 
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Suncor1• 1 Syncrude1
"

1 

Toxicity Test Endpoint Range n Range n 
Ceriodaphnia dubia (7 days) LC25 27-95 5 - -

[27] [1] 
LC50 35->100 5 - -

[35] [1] 
NOEC 25-100 5 - -

[25}_ [1] 
LOEC 50->100 5 - -

[50] [11 

<al Suncor data from Suncor EVS Report 1995a, Suncor, Lease 86 (EVS-Wetlands 1996 Report), 
Suncor Pond 5 East Studies and data from Suncor Project Millennium EIA. 

{bl Syncrude data from 1995 bench and field tests. 
<cl Data in [square brackets] are for fresh CT release water samples only. 
- no data available. 

Table 10 CT Release Water Chronic Toxicity 

Suncor • I I Syncrude 1
"

1 I 
Toxicity Test Endpoint range n range 

Field Scale 
Ceriodaphnia dubia IC25 14 1 -
Reproduction (7 day) 

IC50 20 1 32-83 [32]\C} 
NOEC 13 1 13-60 [13] 
LOEC 25 1 -

Selanastrum Growth (72 IC25 45 1 10-72 [72] 
hrs) 

IC50 78 1 56-93 [93] 
NOEC 25 1 6-50 (50] 
LOEC 50 1 13- 100 

[100] 
Commercial Scale Trials 

Ceriodaphnia dubia IC25 16-63 5 -
Reproduction (7 day) [63] [1] 

IC50 22-75 5 
[75] [1) 

NOEC 13-50 5 
[50] [1] 

LOEC 25-100 5 
[100) [1] 

Selanastrum Growth (72 IC25 25-74 3 -
hrs) [25) [1] 

IC50 41-50 3 -
[41] [1] 

NOEC 25 3 -
[25) [1) 

LOEC 50 3 -
[50) [1] 

Fathead Minnow Growth (7 IC25 26->50 [26] 3 
days) [1] 

IC50 36->50 [36] 3 
[1] 

NOEC 13-50 3 
[25] [1] 

LOEC 25->50 [50] 3 
[1) 

n 

-

4 [1] 
4 [11 
-
2 [1] 

4 [1] 
2[1] 
4 [1] 

-

-

-

-

-

<al Suncor data from Suncor, Lease 86 data, Suncor Pond 5 East and from Suncor 
Project Millennium EIA. 

{b) Syncrude data from Syncrude 1995 field tests. 
<cl Data in [square brackets] are for fresh CT release water samples only. 
- no data available 
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5 OPERATIONAL AND ENVIRONMENTAL CONTEXT .. 
SUMMARY 

Table 11 

Variable 
Increasing 
Sand:Fines 
Ratio 

Recycling of 
CT release 
water 
Time 
(Decay) 
Wetlands 

il' increase 
.(). decrease 

Process options and treatment techniques may act positively or negatively 
to affect water quality as defined in terms of chemistry and toxicity (Table 
11 ). Process options include sand:fines ratio and recycling of CT release 
water. Treatment techniques affect the CT release water once generated 
and include decay over time once isolated from operations(i.e., retention of 
CT water) and treatment by wetlands. 

Trends Matrix of Factors Affecting CT Release Water Quality 

Parameter 
Polycyclic 

Major Naphthenic Aromatic 
Ions Ammonia Metals Acids Hydrocarbons Toxicity 
~ short term:il' short short term:il'; short term:il' short term: il'; 

long term:~ term:il'; long term:~ long term:~ long term:~ 
long term: 
~ 

il' i)'¢:> i)'¢:> il'~ il'~ il'? 

~ .(). ~ .(). .(). .(). 

~ .(). .(). .(). .(). .(). 

¢:> stable; no change; equilibrium 

In general, the higher the sand and lower the fines content (to a maximum 
ratio) the faster the CT deposit will consolidate. Assuming the majority of 
the chemical constituents are associated with the fines (rather than the 
sands), then the higher the sands:fines ratio the fewer chemical constituents 
are present to be released. However, release water from acid/lime treatment 
of 6:1 and 4:1 sand: fine ratio materials was comparable with respect to 
major ions, naphthenic acid and microtox (Syncrude 1995). The ratio 
affects the rate at which water is released and consequently the release 
rate/concentration of a chemical constituent. However, the total load of a 
given chemical to the reclamation landscape (and ambient environment) 
will likely be the same in the end because this release is dependent on the 
total fines volume to be handled. 

Recycling (i.e., the reuse of CT release water in the extraction process) will 
increase conservative ions, such as chloride, sodium and sulphate. 
However, it is expected that metals and organics (e.g., naphthenic acids) 
will reach equilibrium quickly and will not increase beyond certain levels 
(Syncrude 1995). 
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Time (i.e., aged compared with fresh CT release water) is expected to 
decrease the chemical concentration of ammonia and organic parameters 
and toxicity via biological processes (e.g., nitrification/denitrification, 
bacterial mineralization), photo-oxidation and volatilization. For example, 
in Suncor and Syncrude field trials naphthenic acids decreased with time, 
although at different rates. In contrast, a 70 day bench-scale experiment 
using Suncor CT, which was about 5 months old did not show any 
significant decrease (Figure 2). Although there are limited P AH data, 
similar decreasing trends over time are expected. Decreases are expected to 
be slower due to the higher complexity of P AHs compared with naphthenic 
acids. Any coincident effect on major ions or metals is not expected. 

Similarly, toxicity tended to decrease with time in these same studies, 
although not for all organisms or trials. Ceriodaphnia dubia survival 
increased from 0% to 60% in the Suncor bench-scale trials and the LC50 
increased from 50% to > 100% in the Syncrude field-scale trials. Although 
there were differences betvveen organisms and trials with respect to changes 
in CT toxicity with time, the overall trend is a decrease in toxicity with 
time. This is expected since most of the toxicity is associated with 
naphthenic acids and ammonia, which tended to decrease with time during 
these same studies. 
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Regardless, CT release water quality is expected to be variable depending 
on operational processes and storage/treatment options. However, 
directional trends have been observed with both Suncor and Syncrude CT 
materials (Table 11) and with further research should become better 
defined. 
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6 ClOSURE 

We trust this report presents the information you require. Should any portion of the 
report require clarification, please contact the undersigned. 

GOLDER ASSOCIATES LTD. 

Report prepared by: 

unir Jivraj, P.Biol. 
Environmental Scientist 

Report reviewed by: 

Shawn McKeown, P.Eng. 
Project Manager/Principal 

: 4M·b- I ~y //}d__;J~Y 
Fari aBishay, . c.,R.P.Bio.(BC) ~~:,P.Biol. 
Environmental Scientist tJ Oil Sands Project Director 
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APPENDIX I 

ANNOTATED BIBLIOGRAPHY 



ANNOTATED BIBLIOGRAPHY OF AVAILABLE CT REPORTS 

NOTE TO THE READERS: 

Concurrent with bench and field scale studies (i.e., 1993- 1994) the term non-segregating tails 
(NST) was used. Subsequently, the term "Consolidated Tailings" (CT) was adopted by Suncor, 
while Syncrude adopted the term "Composite Tailings" (CT) to refer to NST. Both terms are 
synonymous and widely accepted to replace the term NST. The term NST or CT is used below to 
reflect the term used in the original reference material. 

1982 

San, R.H.C. 1982. Mutagenicity Potential of Syncrude Wastewaters. Prepared for 
Syncrude Canada Ltd. Prepared by B. C. Cancer Research Centre. 18 pp. plus 
figures and tables. 

Source of CT: 
Methodology: 

Chemistry: 
Toxicity: 

Does not deal with CT samples 
In vitro short-term bioassays were used on Syncrude's recycle water, coke 
storage and tailings water to assess mutagenicity on Syncrude wastewaters. 
not assessed 
Salmonella Mutagenicity Test, Chromosome Aberration Test, DNA Repair 
and Inhibition Test 

Bioaccumulation: Not assessed 
Data used: None 

1993 

EMA. 1993. Oil Sands Dry Landscape Reclamation: Phase 1 Study Report. Prepared for 
Suncor Inc., Oil Sands Group and Syncrude Canada Ltd. Prepared by EMA. 72 
pp. plus figures and diagrams. 

Source of CT: 
Methodology: 

Chemistry: 

Toxicity: 

Suncor, acid/lime NST 
Generated NST leachate by mixing NST solids with reagent grade water/ 
or acetic acid. Leachate and solids were examined for toxicity and general 
chemistry. 
Unleached solids -pH, conductivity, major ions and other conventional, 
as well as nutrients 
leachate - metals, nutrients and conventional 
unleached and leached solids - seedling emergence using Latuca sativa 
unleached solids - earthworm survival 
leachate - algal growth, seed germination and root elongation using Latuca 
sativa, nematode survival and growth, SOS-Chromotest using E. coli and 
Microtox® 

Bioaccumulation: Not assessed 
Data use: None used 

R:\1997\2200\972-2205\6000\6045\report\BIBL02.DOC 



Suncor 1993 NST Program 

Source of CT: 
Methodology: 

Chemistry: 

Suncor, acid/lime NST; and Syncrude, gypsum and acid/lime NST 
NST collected from Suncor' s test pits and tanks, as well as bench-scale 
experiments at U of A were analyzed for various chemical parameters. 
Solids and water- metals, conventional, nutrients and limited organics (test 
results appended to James 1994) 

Toxicity: Microtox® 
Bioaccumulation: Not assessed 
Data use: Some for field scale 

1994 

James, W. 1994. Water Quality Review aud Treatment Recommendations for Water 
Released from Suncor's Tailings: Interim Draft. Prepared for Suncor. Published 
by Alberta Environmental Centre. 

Source ofCT: 
Methodology: 

Suncor, acidliime NST; and Syncrude, gypsum and acid/lime NST 
Using data describing various wastewater flows from Suncor's mine site, 
James examined in-stream concentrations for various individual chemical 
parameters. 

Chemistry: Solids and water - metals, conventional, nutrients and limited organics 
Toxicity: Microtox® 
Bioaccumulation: Not assessed 
Data used: Some for field scale 

Kasperski, K.L. and R.J. Mikula. 1994a. Effects of Addition of Flue Gas Desulphurization 
Slurry on Tailings Water Chemistry. CANMET WRC 94-40(CF). Prepared for 
Suncor Inc. Prepared by CANMET. 42 PP. plus appendices. 

Source of CT: 
Methodology: 

Suncor Flue Gas Desulphurization Sluny(FGDS) (18.6 wt%) 
Lab-scale suspensions of tailings (scavenger, pond 2/3, recycle water) and 
FGDS were made to assess tailings release water chemistry and impact on 
extraction process 

Chemistry: conventional, metals 
Toxicity: N/A 
Bioaccumulation: N/ A 
Date used: Metals at different sampling period 
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Kasperski, K.L. and R.J. Mikula. 1994b. Modelling the Effects of Gypsum Addition on 
Suncor Plant Water Chemistry: Interim Report. CANMET WRC 95-13(CF). 
Prepared for Suncor Inc. Prepared by CANMET. 20 pp. 

Source of CT: 
Methodology: 

Suncor's FGDS (250 mg/L and 850 mg/L CaS04-2H20) 
Modelling was performed on Stream 12 tailings going to dyke 8 with 250 
and 850 ppm gypsum for summer and winter conditions. 

Chemistry: Conventional, metals 
Toxicity: Not assessed 
Bioaccumulation: Not assessed 
Data use: None 

1995 

EVS. 1995. Biological Treatment Options for Consolidated Tailings Release Waters. 
Project number 3/144-30. Prepared for Suncor Inc., Oil Sands Group. Prepared by 
EVS Environment Consultants. 69 pp. plus tables and figures. 

Source of CT: 
Methodology: 

Suncor, acid/lime and gypsum CT 
Examined treatability of CT release waters using different scenarios over 
10 week period: 
• basic - water in tank containing trickling filter media + Suncor wetland 

sediments 
• enhanced- basic+ P04 +aeration 
• inoculated - enhanced + nitrifying bacteria 
• open - inoculated without trickling filter media 
• recirculated - water moving between open and wetland tanks 

Chemistry: Conventional, metals, nutrients and limited organics (pre-treatment only) 
naphthenic acids and DOC (pre & post-treatment) 

Toxicity: Microtox®, Daphnia magna and rainbow trout survival (juveniles, eggs 
and alevins) 

Bioaccumulation: Not assessed 
Data use: Some for bench and field scale trials 
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Golder. 1995a. Oil Sands Dry Landscape Reclamation: Phase 2: Toxicity and Chemistry of 
Leachates from various reclamation materials. Project number 932-7196. 
Prepared for Suncor Inc. Prepared by Golder Associates Ltd. 43 pp. plus tables 
and figures. 

Source of CT: 
Methodology: 

Chemistry: 

Toxicity: 

Suncor, acid/lime NST 
Bench-scale experiments examining toxicity and chemistry of leachates 
generated by rinsing NST with Suncor mine water (note: other oil sands 
materials were rinsed with de-ionized water). A total of 10 porewater 
volumes were put through each sample, and sample columns were kept 
anaerobic throughout the experiment. 

e Solids -nutrients, pH conductivity, major ions and other conventional 
e Leachate - metals and conventional 

e Solids - 5 day seedling emergence using lettuce, and 14 day earthworm 
survival 

e Leachate- algal growth, SOS-Chromotest using E. coli, Microtox®, and 
nematode survival and growth 

Bioaccumulation: Not assessed 
Data use: Some for bench scale studies 

Golder. 1995b. Lab Flume Tests Result. Data provided by Mike MacKinnon of Syncrude on 
August 1996. 

Source of CT: Syncrude, gypsum CT, 900 g/m3 gypsum 
Methodology: Samples collected from bench scale u-shaped design. 
Chemistry: Conventional, metals and organics 
Toxicity: Microtox® 
Bioaccumulation: Not assessed 
Data use: Data used for solids 

R:\ 1997\2200\972-2205\6000\6045\report\BIBL02.DOC 4 



Kasperski, K.L. and R.J. Mikula. 1995. Tailings Release Water Chemistry and Toxicity: 
Comparison of Tailings Treatments. CANMET WRC 95-11(CF). Prepared for 
Suncor Inc. and Fine Tails Fundamentals Consortium. Prepared by CANMET. 30 
pp. plus appendices. 

Source of CT: 

Methodology: 

Chemistry: 
Toxicity: 

Syncrude/ Suncor- OSLO Hot Water Extraction (OWHE)/Clark Hot 
Water Extraction (CHWE) Drum Test 
Study the chemical composition and toxicity of water produced in lab by 
University of Alberta and CANMET; and field tests for various mature 
fine tails (MFT) and beach runoffs. Samples collected were representative 
from NST, Freeze-thaw, NST and Fine Tails Test Pits. These samples 
went back to 1993/1994 field and bench scale studies. 
Conventional, metals 
Microtox®, 96 h trout (Oncorhynchus mykiss), 48 h Daphnia magna 
mortality 

Bioaccumulation: Not assessed 
Data use: CaS04 related NST samples were used 

Mikula, R.J. and K.L. Kasperski. 1995. Nonsegregating Tailings Release Water 
Chemistry: Preliminary Report. CANMET WRC 95-26(CF). Prepared for Suncor 
Inc. Prepared by CANMET. 31pp. plus appendix. 

Source of CT: 
Methodology: 

Suncor's FGDS, 600 mg/L agricultural grade gypsum (AGG) 
Studies on the effect of added cations and anions on bitumen recovery, 
tailings settling and recycle water chemistry for the Clark Hot Water 
Extraction Process. 

Chemistry: some metals 
Toxicity: Not assessed 
Bioaccumulation: Not assessed 
Data use: Chemistry for NST release water 

Suncor, Inc., Oil Sands Group. 1995. CT field pilot study (continued in 1996 and 1997 as 
Commercial Demonstration Project). Various lab reports held in-house at Golder. 

Source of CT: 
Methodology: 

Suncor, 1000 mg/kg gypsum CT (1995) 
Samples collected from the production line and the pond at different times 
from Dec. 19, 1995 to Jan. 8, 1996. 

Chemistry: Mix of conventional, metals and organics 
Toxicity: see Golder 1997 Pond 5 Study 
Bioaccumulation: Not assessed 
Data use: Pond 5 and other CaS04 related data 
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Syncrud.e. 1995. Field. NST Field. Demonstration. Appendix Q. Presentation Material 
provided. by Mike MacKinnon. Vol 4/4. 

Source of CT: 
Methodology: 

Syncrude, different doses of acid/lime and gypsum samples 
Presentation summary of different NST experiments including acid/lime 
and gypsum; standpipe tests and field studies. 

Chemistry: Metals and conventional chemical parameters, naphthenic acid 
Toxicity: Microtox® 
Bioaccumulation: Not assessed 
Data use: For Syncrude's field scale experiments 

Shaw, B., G. Cuddy, G. McKenna, M. MacKinnon. 1995. Non-segregating Tailings: 1995 
NST Field. Demonstration Summary Report. Prepared. by Syncrud.e Canada Ltd.. 
200 pp. plus figures and. tables. 

Source of CT: 

:Methodology: 
Chemistry: 
Toxicity: 
Bioaccumulation: 
Data use: 

Syncrude, plant 5 tails plus Mildred Lake Settling Basin (MLSB) MFT 
with 1400 g/m3 AGG gypsum from DOMTAR 
CT placed in U-shaped pit; release water placed in 5 NST holding test pits. 
Major ions and cations of release and porewater, naphthenic acid 
Microtox® 
Not assessed 
Release water and porewater chemistry for field scale comparison 

Wastewater Technology Centre. 1995. Preliminary Evaluation of Options for Treatment of 
Tailings Pond. Eff.l.mmts for Discharge to the Northern Rivers Basin. 

Source of CT: 
Methodology: 

Suncor, acid/lime NST; and Syncrude, gypsum and acid/lime NST 
Review of treatment technologies available to treat CT and other oil sands 
wastewaters. 

Chemistry: Solids and water - metals, conventional, nutrients and limited organics 
(test results appended to James 1994) 

Toxicity: Microtox® 
Bioaccumulation: Not assessed 
Data use: Some for field scale 
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Xu, J.G., R.L. Johnson, P.Y.P. Yeung and S. Wu. 1995. Plant growth and metal uptake by 
plants from two oil sand fine tailings. Prepared for Suncor Inc., Oil Sands Group. 
Prepared by Alberta Environmental Centre. 

Source of CT: 
Methodology: 

Suncor, acid/lime CT 
Examined 1) plant growth on CT solids, CT + nitrogen (N), phosphorus 
(P) and potassium (K), CT + N, P and K +micro-nutrients and CT + N, P 
and K +peat, 2) plant metal uptake, and 3) microbial activity within CT 
deposits. These experiments were done in greenhouses using reed canary 
grass and willow seedlings. 

Chemistry: Solids - metals, conventional and nutrients 
Toxicity: Plant growth, and microbial activity 
Bioaccumulation: Metal uptake in plants 
Data use: None 

1996 

EVS. 1996. Constructed Wetlands for the Treatment of Oil Sands Wastewater, Technical 
Report #5. Project number 3/144-31. Prepared for Suncor Inc., Oil Sands Group 
by EVS Environment Consultants. 12 chapters + appendices. 

Source of CT: 
Methodology: 

Chemistry: 

Toxicity: 

Plant 3 MFT plus gypsum (900 to 1000 g/m3
) 

Three part study. 
• Part 1, Wetland treatability - water from the different CT pits was 

pumped into 4 constructed wetlands to examine ability of wetlands to 
treat CT release waters 

• Part 2, Biofilters - CT water was poured into 200L barrels to assess 
effectiveness ofbiofilm reactors. 

• Part 3, Bioaccumulation- exposed mallard ducklings to CT waters for 
4 weeks to examine bioaccumulation potential of CT toxins. 

Part 1 - metals, conventional, organics, nutrients and naphthenic acids 
(pre & post-treatment) 
Part 2 -nutrients and naphthenic acids (pre & post-treatment) 
Part 1 - phytoplankton and zooplankton abundance within the wetlands, 
Microtox®, and survival of Daphnia magna, fathead minnows, sticklebacks 
and trout (pre & post-treatment) 
Part 2 - rainbow trout survival rates 

Bioaccumulation: Measured survival, growth and gross pathology of ducklings, as well as, 
metal and P AH levels in various body tissues 

Data use: Toxicity data for field scale 
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Golder. 1996. Toxicity and Bioaccumulation Potential of Fine Tails and Tailings Water 
from Oil Sands Extraction. Project number 942-2287. Prepared for Syncmde 
Canada Ltd. and Suncor Inc. Prepared by Golder Associated Ltd. 24pp. 

Source of CT: 
Methodology: 

Chemistry: 
Toxicity: 

Suncor, acid/lime CT from pilot test 
Part 1 focused on CT toxicity using, undiluted CT solids, CT solids mixed 
with Mildred Lake Sediments (MLS) and aged CT solids. 
Part 2 was a bioaccumulation study using CT solids diluted with MLS and 
covered with Mildred Lake water. Lipid sacs were used as substitutes for 
living subjects due to toxicity problems associated with the CT samples. 
Not assessed 
Microtox®, monitored survival rates for midge larva, mayfly nymph, 
bristle worm, leech, snail and amphipod 
limited testing of CT release water toxicity to amphipods 

Bioaccumulation: Measured P AH levels in lipid sacs 
Data use: None 

Kasperski, K.L. and R.J. Mikula. 1996. Nlodelling Snucor Recycle Water Chemistry: 
Impact of Consolidated Tails. CANMET WRC 96-16(CF). Prepared for Suncor 
Inc. Prepared by CANMET. 30 pp. 

Source of CT: 
Methodology: 

Suncor FGDS (to give 900 mg/L CT) 
River water and CT water chemistry are simulated via model to predict 
several water management scenarios at the Suncor Operation 

Chemistry: conventional 
Toxicity: Not assessed 
Bioaccumulation: Not assessed 
Data use: Conventional parameters 

Li, X., J. Storey, P. Yeung, M. Fung. 1996. Plant Growth on Aggregated Oil Sands 
Processing Wastes. Prepared for Syncrude. Presented in 21st Annual Meeting, 
Canadian Land Reclamation Association, Calgary. Sept. 18- 20, 1996. 

Source of CT: 
Methodology: 

Syncrude, Domatar AGG 
Aggregates were made with mixtures ofMFT, CT and Tailing Sands to 
assess seedling. 

Chemistry: Not assessed 
Toxicity: Not assessed 
Bioaccumulation: Not assessed 
Data use: None 
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Li, X., M. Fung. 1996. Creating a Soil-like Profile for Plant Growth Using Tailings Sand 
and Fine Tails. Prepared for Syncrude. Prepared by Alberta Environmental 
Centre. Presented Petroleum Society of CIM's 47th Annual Technical Meeting, 
Calgary. June 10- 12, 1996. 

Source of CT: 
Methodology: 

Syncrude, Domtar AGG 
Different reclamation materials like MFT, TS, CT and Tailing sands were 
used to make aggregates. The test looked at different soil-like properties. 

Chemistry: Soil chemical parameters 
Toxicity: Not assessed 
Bioaccumulation: Not assessed 
Data use: None 

Mikula, R.J. 1996. Suncor Pond Survey 1995. CANMET WRC 96-24(CF). Prepared for 
Suncor Inc. Prepared by CANMET. 35 pp. 

Source of CT: 
Methodology: 

SuncorFGDS 
Suncor Pond 1, Pond lA, Pond 2, Pond 3 and Pond 4 were characterized 
by several methods including sieve analysis, methylene blue, BSW 
(bitumen, solids and water), viscosity and gel strength. The reason for 
characterization was to accurately reflect the consolidation behavior of the 
clays as function of depth. 

Chemistry: Not assessed 
Toxicity: Not assessed 
Bioaccumulation: Not assessed 
Data use: None 
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Mikula, R.J., K.L. Kasperski and R.D. Burns. 1996. Consolidated Tailings Release Water 
Chemistry. In Conservation and Reclamation Issues, 1995-1996. Prepared for 
Suncor Inc. Prepared by CANMET. 

Source of CT: 600 ppm gypsum, source is unclear - assume Suncor 
Methodology: Not mentioned 
Chemistry: Major ions in release waters 
Toxicity: Microtox®, Daphnia magna and trout survival 
Bioaccumulation: Not assessed 
Data use: None 

Renault, S. and J.J. Zwiazek. 1996. Phytotoxicity of Reclaimed Fine Tails and Tailings 
Sands. Prepared for Suncor Inc. and Syncrude Canada Ltd. Prepared by Dept. of 
Renewable Resources, University of Alberta. 63 pp. 

Source of CT: 
Methodology: 

Suncor, gypsum CT 
Part 1 - CT solids were placed on top of dry capping material and mixed 
with capping material to depth of 20 em. Mixture was then planted with 
aspen, dogwood and poplar cutting, as well as conifer, raspberry, rose and 
blueberry seedlings. 
Part 2- monitored willow, aspen, poplar and white spruce in Suncor's 
Hummoch-wetlands, which was fed CT release water. 

Chemistry: Not assessed 
Toxicity: Measured survival, water potentials and transpiration rates 
Bioaccumulation: Not assessed 
Data use: Phytotoxicity for CT mix 

Xu, J.G. and R.L. Johnson. 1996. Plant growth, dewatering and contaminant uptake from 
oil sands fine tails and tailings. Alberta Environmental Centre, Vegreville, Alberta. 
Prepared for Suncor Inc., Oil Sands Group. 

Source of CT: 
Methodology: 

Suncor, acid/lime CT 
Examined 1) plant growth on CT solids, CT + muskeg and CT + muskeg + 
tailings sand, 2) the ability of plants to dewatering CT, 3) changes in CT 
moisture and nutrient content with plant growth, 4) plant metal uptake, and 
5) microbial activity within CT deposits. These experiments were done 
using reed canary grass, poplar, willow and cattail. 

Chemistry: Solids - metals, conventional, nutrients and P AHs 
Toxicity: Plant growth and microbial activity 
Bioaccumulation: Metal uptake in plants 
Data use: None 
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1997 

Bendell-Young, L.I., A.P. Farrell, C.J. Kennedy, A. Kermode, M.M. Moore and A.L. Plant. 
1997. Ecological viability of wetlands receiving oil sands effluent. Abstract in 
Proceedh.gs of the 23rd Annual Aquatic Toxicity Workshop: Oct. 7-9, 1996, 
Calgary, Alta. Goudey, J.S., S.M. Swanson, M.D. Treissman and A.J. Miimi (eds.). 
Canadian Technical Report of Fisheries and Aquatics Sciences No. 2144. 

Source of CT: 
Methodology: 

Chemistry: 
Toxicity: 

Suncor, gypsum CT 
examined community health in wetlands receiving CT release water and 
dyke drainage water. 
Non assessed 
benthic community structure, chironomid density and biomass, plant 
growth, fish stress and mutagenic potential of bottom-dwelling 
chironomids 

Bioaccumulation: Not assessed 
Data use: None 

Golder.1997a. Environmental Implications ofDifferent Sources of Gypsum. Project 
number 962-2522 Produced for Syncrude Canada Ltd. 

Source of CT: 

Methodology: 

Chemistry: 
Toxicity: 
Bioaccumulation: 
Data use: 

No CT assessed, just gypsum sources such as 1000 g/m3 Domtar, 
Agrium, Westrock, Suncor's FGDS 
Preliminary screening on envrionmental concerns and health impacts of 
various CT deposits. Contribution of metals from each source was also 
calculated. 
Metal chemistry 
Not assessed 
Not assessed 
None 
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Golder. 1997b. Field-scale Trials to Assess Effects of Consolidated Tails Release Water on 
Plants and Wetlands Ecology. Project number 962-1881. Prepared for Suncor Inc. 
Prepared by Golder Associates Ltd. 

Source of CT: 
Methodology: 

Chemistry: 

Toxicity: 

Suncor Pond 5, gypsum CT 
Part 1, Hummock- Wetland Study- surface waters from Pond 5 were 
pumped into a hummock-wetland area to assess release water treatability. 
Part 2, Sulphate effects on plant growth - potted plants were placed in 
trenches, which were then filled with CT water; sulphate was added where 
needed to produce levels of350, 1600 and 3500 ppm sulphate 
Part 3, Sulphate effects con't- plants in a greenhouse were exposed to 1 of 
5 treatments: control, CT water, post-wetland treatment CT water, and CT 
water with sulphate levels of 1250 and 2500 ppm. 
Parts 1 and 2- metals, nutrients, naphthenic acids, PARs (Part 1 only) and 
conventional in water, sediments and porewater 
Part 1 - diversity and biomass of phytoplankton, zooplankton and benthic 
invertebrates, general plant biomass, fathead minnow survival, percent 
cover, species distribution and abundance 
Part 2 - diversity and biomass of zooplankton and benthic invertebrates, 
and survival and growth using beaked willow, sandbar willow, balsam 
poplar and reed canary grass 
Part 3 - seed viability and germination rates in barley and reed canary grass 

Bioaccumulation: Not assessed 
Data use: Some Pond 5 data 

Golder. 1997c. A Limnological Survey of Suncor's Pond. 5 East. Project number 962-2341. 
Prepared for Suncor Inc. Prepared. by Golder Associates. 

Source of CT: 
Methodology: 
Chemistry: 
Toxicity: 

Suncor, gypsum CT from Suncor Commercial Trials 
Pond 5 water was collected from 1 m depth and near pond bottom. 
P AHs, metals, conventional, naphthenic acids and nutrients 
Diversity of phytoplankton, zooplankton and benthic invertebrates, 
identification of surrounding vegetation, and survival of trout and 
Ceriodaphnia dubia 

Bioaccumulation: Metal content in surrounding cattails 
Data use: Pond 5 water quality and toxicity data 
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Kasperski, K.L., R. J. Mikula. 1997. Modelling Suncor Recycle Water Chemistry: Impact 
of Consolidated Tails, Part 2. CANMET WRC 97-14 (CF). Prepared for Suncor 
Inc. Prepared by CANMET. 19 pp. 

Source of CT: 
Methodology: 

Chemistry: 
Toxicity: 
Bioaccumulation: 
Data use: 

Simulation on FGDS 900 to 1400 g/m3 

Computer simulations of several scenarios (i.e., year 2021) at Suncor with 
CT production with FGDS. Assessment of CT release water chemistry and 
effect on extraction and plant process was also assessed. 
Conventional parameters 
Not assessed 

Not assessed 
None 

Kot, J.J., R.J. Mikula, K.L. Kasperski. 1997. Suncor CT Trial: Water Chemistry 
Monitoring Program (1995-1996). CANMET WRC 97-0S(CF). Prepared for 
Suncor Inc. Prepared by CANMET. 26 pp. 

Source of CT: 
Methodology: 

Suncor, FGDS 
Pond 5 CT release water chemistry was monitored from November 1995 to 
September 1996. 

Chemistry: Conventional parameters 
Toxicity: Not assessed 
Bioaccumulation: Not assessed 
Data use: 

Mikula, R.J., V.A. Munoz, K.L. Kasperski and D. Omotoso. 1997. Consolidated Tailings: 
Technical Support For the Suncor Commercial Trial. CANMET WRC 97-13(CF). 
Prepared for Suncor Inc. Prepared by CANMET. 41 pp. 

Source of CT: 
Methodology: 

FGDS 900 ppm gypsum (or 1400 ppm wt/CT vol) 
A rapid test methods were developed by CANMET to assess segregation 
behavior during CT production at field and commercial scale. 

Chemistry: Not assessed 
Toxicity: Not assessed 
Bioaccumulation: Not assessed 
Data use: None 
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Parrott, J.L., M.D. MacKinnon, T. Van Meer and D.A. Birkholz. 1997. Assessment of 
(sub)lethal toxicity of oil sands reclamation waters using standard and biochemical 
indicator bioassays on waters and SPMD extracts. Abstract in Proceedings of the 
23rd Annual Aquatic Toxicity Workshop: Oct. 7-9, 1996, Calgary, Alta. Goudey, 
J.S., S.M. Swanson, M.D. Treissman and A.J. Miimi (eds.). Canadian Technical 
Report of Fisheries and Aquatics Sciences No. 2144. 

Source of CT: 
Methodology: 

Chemistry: 
Toxicity: 

Syncrude, AGG Domatar 
examined chronic and acute toxicity of various release oil sands release 
waters to host of indicator species; semi-permeable membrane devices 
(SPMDs), exposed for 7 weeks, were also used to examine toxicological 
responses in fish cells 
SPMDs-PAHs 
rainbow trout, fathead minnow, Daphnia magna and Ceriodaphnia dubia 
survival, Microtox®, and algal growth 

Bioaccumulation: partially assessed with SPMDs; examined the influence of SPMD extracts 
on mixed function oxygenase activity in fish cells 

Data use: !'lone 

Renault, S. and J.J. Zwiazek. 1997. Phytotoxicity of Reclaimed Fine Tails and Tailing 
Sands. Prepared for Suncor Inc., OSG and Syncrude Canada Ltd. 

Source of CT: 
Methodology: 

Syncrude and Suncor's 1995 CT (dose 900- 1400 g/m3
) 

Greenhouse study on effects of CT and fine tails on plants found in boreal 
forest of the Athabasca region. Different kinds of CT and FT mixtures 
were used as soil treatments. 

Chemistry: Plant physiological parameters, hydrocarbon uptake 
Toxicity: Seed survival, plant growth 
Bioaccumulation: Not assessed 
Data use: None 
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APPENDIX II 

AVAILABLE CHEMISTRY DATA 



Table II - A. Summary of CT solids chemistry 

Table II - B.l Summary of Suncor CT release water chemistry from bench 
scale trials. 

Table II - B.2 Summary of Syncrude CT release water chemistry from 
bench scale trials. 

Table II - C.l Summary of Suncor CT release water chemistry from field 
scale trials. 

Table II - C.2 Summary of Syncrude CT release water chemistry from field 
scale trials. 

Table II - D.l Summary of Suncor CT release water chemistry from 
commercial scale trials. 

Table II- E.l Summary ofporewater chemistry. 
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ibenzo(a.h anthracene 
enzo a Antbracene/Chrysene 
enz(a)Anlhracene 

:hrysene 

Methyl Chrvsene/Benz a)Anthra. 
C2·Subst'd Chrvsene/Benz a)Anthra. 

enzo a1anthracene/chrvsene 
'd benzo a antbracene/chrysene 

rene 
I Benzo a Pvrene/Benzo b&k Flu 

ubst'd Bcnzo a Pyrene/Benzo b&k 
I benzo b&k fluorantbene/methyl 

ubst'd benzo b& k fluorantbene/ben· 
anthene 
lene 

MethYl biohenvl 
C2 Substituted biphenyl 
Dibenzotbiophene 
Methyl dibenzothioohene 
C2 Substituted dibenzothionhene 
C3 Subst'd dibenzothiopbene 

C4 Subst'd dibenzothiophene 
Fluoranthene 
Metfly_l_ nuorantbene/pyrene 
Fluorene 
Methyl fluorene 

C2 Substituted fluorene 

R:\1997\2200\972·2205\6000\60-45\REVISEOJU.S- .olid 
3/19198 

.. ,. 
••'• 

372 
395 
107 

18 . 
. . . ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·: ·. ·: 'hr2it:PAIIo:o:o~ :Aik>tit<d·I'Mb: ·. 

nnb 
ppb 
ppb 

ppb 

nob 
ppb 
ppb 
ppb 

oob 
nnb 
ppb 
ppb 

oob 
ppb 
ppb 

ppb 

oob 
ppb 

ppb 

oob 
ppb 
ppb 

oob 
onb 
ppb 
ppb 

ppb 

onb 
ppb 

ppb 

nob 
ppb 
ppb 

nob 
ppb 
ppb 

nob 

O.ol 
0.02 

0.78 
1.8 
5.5 

0.69 

1.6 
0.02 

0.02 
0.02 
4.3 

7.8 
9.6 

0.45 

3.1 

1.3 
0.51 

O.Gl 
0.05 

0.21 

O.Gl 

II 

14 
10 

0.32 
2.5 

0.04 

0.56 

4.6 

<0.01 

0.02 

0.22 
0.4 

0.05 
<0.01 

<0.01 

<0.01 

<0.01 

0.02 

0.02 

0.12 
0.12 

0.02 

<0.02 

<0.02 

0.02 
<0.01 

<0.02 

<0.02 

0.19 
0.02 
0.28 

0.51 
0.53 
0.83 
0.04 

0.06 
0.28 

0.25 

Golder Associates Ltd. 

2480 

<0.04 
<0.04 

<0.08 
<0.08 

<0.08 
<0.04 
<0.08 

<0.04 
<0.04 

<0.04 

0.32 

0.42 
0.46 
0.05 

0.29 
0.12 

0.12 
<0.04 

<0.08 

<0.08 

<0.08 

<0.04 

<0.08 

0.27 

17 
4.5 

<0.04 

0.53 
<0.04 

<0.08 

<0.08 

18 

<0.01 

<0.04 

<0.08 
<0.08 

<0.08 

<0.04 

<0.01 

<0.01 
<0.01 

<0.01 

0.32 

0.42 
0.46 

0.02 

0.29 
0.12 

O.Gl 
<0.01 
<0.02 

<0.02 
<0.08 
<0.04 
<0.08 

0.27 

0.53 

0.83 
<0.04 

0.53 

<0.04 

<0.08 

<0.08 

MAX 

16 7 
0.001 

2440 

8.7 
0.01 
560 
894 

12700 

682.6 
67.1 
0.5 
57 
1.9 

46.5 
352 
127 

0.112 

4.26 

26 
50 

149 
0.036 

19.1 

0.3 

0.01 
1140 

15.4 
3.7 

3.8 
4240 
4.4 

3.6 
530 
123 

0.05 

1.2 
14.4 

390 
0.01:.1 

1360 

0.002 
450 
14.9 
61.2 

41.6 
0.5 

23.7 

13.6 

372 
395 
107 

2480 

O.ol 
O.Gl 
0.78 
1.8 
5.5 

0.69 
1.6 

0.02 

0.02 
0.02 
4.3 

O.Gl 
0.02 
0.12 
0.12 

7.8 
9.6 

0.45 
<0.02 

<0.02 

3.1 

1.3 
0.51 
O.Ql 

0.05 
0.21 
0.19 
0.02 

II 

14 
10 

0.32 

2.5 
0.06 

0.56 

4.6 

MEAN N 

1909 

27.35 

12.46 

0.21 
6.7 

7.37 

2.00 
2.22 

2238 
2.91 

2.013 

65.6 

1.12 
8.8 

759 

8.2 

21.1 

15.9 
8.8 

1249 

2.31 

4.11 

5.03 

0.17 

1.70 

0.71 

0.22 

3.93 

5.41 
5.11 

1.5 



Table II-A 
Summary of CT Solids Chemistry 

Page 2 of2 

Suncor Svncrude 
Commerc.lal 1 Bench 

NST DEPOSIT IN 

Parameler Uutts CT0108-2 RWJ60-1 FLUME TEST) LOW GYPSUM CT' MIN MAX MEAN N 
18-Jan-96 16-Jllll-95 Mav-95 30-0ct-95 

oob 0.02 <0.01 <0.04 <0.0\ 0.02 

anthrcnc --~p-~ 0.17 0.46 <0.04 <0.04 0.46 

I phenanthrene/anthracene ___ ppb 4.3 0.75 0.15 0.15 4.3 I 7 

ubst'd phenanthrene/anthracene ppb 8.2 0.29 0.29 8.2 3.2 

C3 Subst'd phenanthrene/anthracene ppb 12 1.4 1.6 1.4 12 
C4 Subst'd phenanthrene/anthracene ppb 6.3 1.1 4.3 1.1 6.3 3.9 

lMMethYI-7-isoproovl-phcnanthrcne Rete ppb 0.04 <0.08 <0.08 0.04 
Pvrene ppb 0.46 <0.1 0.16 <0.01 0.46 

...... ··-<T.a:rietPANHs>>. 
uinoline _ppb 0.02 <0.04 <0.04 0.02 

7-Methyl quinoline ppb 0.02 <0.04 <0.04 0.02 

C2 Subst'd quinoline ppb 0.02 <0.04 <0.04 0.02 

C3 Subst'd quinoline ppb 0.02 <0.04 <0.04 O.Q2 
Acridine DDb O.Q2 <0.04 <0.04 0.02 
Methyl acridine ppb 0.02 <0.04 <0.04 0.02 

Pheoanthridine ppb 0.02 <0.04 <0.04 0.02 

Carbazole oob 0.02 <0.04 <0.04 0.02 

Methyl carbazole ~~ppb 0.02 <0.04 <0.04 O.Q2 

C2 Subst'd carbazole ppb O.Q2 <0.04 <0.04 O.Q2 
........... < < · > PkeRoltCS: < · >. 

Phenol oob 1.3 <0.02 <0.02 1.3 0.66 

o-Cresol jlpb 0.1 <0.02 <0.02 0.1 0.06 
m-Cresol ppb 0.4 <0.02 <0.02 04 0.21 

-Cresol ppb 0.1 <0.02 <0.02 0.1 0.06 

2.4-Dimethvlohenol DDb 0.1 <0.02 <0.02 0.1 0.06 

2-Nitr()phenol _iJpb <0.04 <0.04 1.02 
4-N itrophenol ppb 20 <I <I 20 10.5 

2,4-Dinitropbcnol ppb 20 <I <I 20 10.5 
4,6-Dinitro-2-methvl ohenol ppb 20 <I <I 20 10.5 

· · · · · · · · ·. ·vela:tnt or~:aJi'ics< · · 
Acetone ppb I 00 100 
Acrolein ppb I 00 100 
Acrvlonitrile ppb 100 100 

10 
100 

10 
112-Chloroethyl vinyl ether ppb 5 
l!Chlorofonn ppb 

10 10 

.4-0ichlorobenzenc ___ ppb 
is-1.4-Dichloro-2-butcne ppb 
ans-1.4-Dichloro-2-butene ppb 
ichlorodifluoromethanc ppb 

I .1-Dichloroethanc __ p_p_b 
1 ,2-Dichloroetbane ppb 
1, 1-Dicbloroethenc ppb 

-Dichloroethenc ppb 

lor()propane oob 
-Dichloropropcne ppb 
,3-Dichloropropcne ppb I 

1~0---100 I oob 
oob 

dibromide ~ppb I 

late ppb 200 200 
ppb 200 200 
ppb I I 

4-Methvl-2-oentanone MJBK) oob 200 200 
Methylene chloride ___ ppb 
Styrene ppb 
Tetrachloroethylene ppb 

I, 1.2.2-Tctraehloroethane ppb 

Toluene oob 
1,1, 1-Trichloroethane ppb 
I, 1.2-Trichloroethane ppb 
1.2.3-Trichloroorooane ppb 
Trichloroethene oob 1 

lfT~r~ic~h~lo~ro~n~u~or~o~m~e~ili~"~"~-------t-~pp~lb-+--------+---~---+------·------+-------------+------+--~--~-------·~1 Vinyl acetate ppb I 00 100 
Vinvl chloride ppb 20 20 
Xylcncs ppb 

Note. 
Mean. maximum and standard deviations are based on detectable results 
1Commcrcial CT data obtained from Suncor's Pond 5 survey (Golder 1997c). 
2Field data obtained from Suncor's Lease 86 Wetland studies (EVS 1996); leachate. 
1Syncrude solids data was obtained from Golder's flume tests (Golder 1995bl 
4 Low gypsuw CT d01hi received from Mike M<JcKinnou (Syncrude 1995). 

R·\1997\2200\972·2205\6000\6046\REVISEO.XlS- e-oJW 
3/19/98 Golder Associates ltd. 
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SAMPLE ID!Date 

!Ol•W•tlblf:al .Pa~alete}"&'. ·. · 
~ 
~ 

H 
iSulphide 
iTotal Alkalinitv 
!Total Inolianic Carbon 
Turbidity 
Biochemical Oxv~en Demand 
(laemical Oxvsr:en Demand 

Carbonate (C03 

IO>Ioride 
Fluoride 
Marmesium 
Potassium 
Sodium 
SuiDhak 
Fel''J· 

!:!£2L_ 
Ntitiiflits' 
Nitrate + Nitrite 
!Nitrogen - Ammonia 
INitroJO?:en - Kieldahl 
Phosphorus. Total 
iT~t2I)IfeioJ.s:-:-:-:-· 
Aluminum (AI 
Antimo-;;y(Sb 
Arsenic (As 
Barium (Ba' 
Bervllium (Be 
Bismuth 
Boron(B 
Cadm;um(Cd 
Calcium (Ca) 

Chromium {Cr 
Cobalt(Co) 

·~ 
Iron {Fe) 

Lead !Pb 
Lithium (Li) 

Magnesium (Mg' 

Uait 

LLS/cm 

!!!&!, 
units 

!!!&!, 
m21L 
!!!&!, 
!!!&!, 
m21L 
ffiP/1. 

!!!&!, 
!!!&!, 
m21L 
!!!&!, 
!!!&!, 
!!!&!, 
m21L 
!!!&!, 
ml!iL 
m21L 
ml!il 

!!!&!, 
!!1!!1 
ml!iL 
ml!il 

ml!il 
L 

ml!iL 

mWL 
m 

!!!&!, 
!!!&!, 
!!!&!, 
mWL 

ml!iL 

Manganese (Mn) I m&'L 
Mercury (H.'tl mP"Il 

Consol.Sa 

CPW+Ca' 
MaV-94 

99.3 
8.7 

69.4 

437 
20.3 
17 

318 
29.7 
11.8 
lll 
728.6 
887 

1.7 

0.03 

3.4 

20.3 

<DL 
<0.34 

0.22 
11.8 

ii:Oi7 

0.18 

13.1 

:ZMSa 

PW+C2 

:r.;;;:94 

183.5 
8.1 

129.4 

623 
48.4 

305 
<DL 
15.2 
lSI 
745.9 
ill 

0.52 

0.064 

3.1 

48.4 

<DL 
<0.08 

0.26 
ill 
o.oT9 

0.15 

15.1 

Table 11-8.1 
Page 1 of3 

Summary of Suncor CT Release Water Chemistry From Bench Scale Trials 

Scannger I Scaven~rr I Scavrnger 
talb: CT Da)· 1ail5 CT Day tails CT D:o~y 

1.' 10 18 

Pond 213 
tailsCT 

.!!!r.!. 
Oct-94 Oct-94 

7.62 

516 
553 

90 

Il 
94 
"i8 
538 
i203 

Oct-94 

7.86 

306 
541 

109 
1.5 
109 
36 

640 
i33i 

Oct-94 

7.82 I 7.64 

269 I 372 
533 536 

112 101 
10.8 2.4 
132 104 
41 26 

714 I 443 
2457 1205 

Pond U3 
t:o~Jis CT D:o~y Pond U3 CT 

10 Da :ZS 
Oct-94 Oct-94 

7.78 

314 
692 

157 
3.3 
146 
37 

614 
1514 

7.68 

286 
776 
0 

197 

223 
41 

690 
ills 

:-:::t-- :"C":c;·-:-'-· 
1.3 

0.055 

4.6 

0.006 
0.14 

0.25 

~ 
0.5 

1.3 

0.02 
0,036 

0.049 

0.34 
109 
0.22 

1.2 I 1.3 

na 
o:O:U 

7.4 

0.016 

0.38 
ill 

0.017 
0.053 

4.9 

0.002 
.QJ2. 

0 
0.19 
104 
o:n 

1.3 

0.02 
0.04 

0.049 
M2 
0.35 
""i46 
ill 

1.8 

na 
o:o49 

10.4 

na 
0.12 
na 

0.41 
223 
na 

7.6 

474 
556 

0 
106 
2.4 
iOi 
II 

298 
i05s" 

1.4 

~ 
0.029 

4.6 

0.0032 
0.07 
0.016 
0.13 
108 

o:T7 

7.8 

202 
741 

0 
120 
3.3 
i28 
14 
408 
i063 

1.5 

0.029 
0.03 

5.2 

~ 
0.009 
0 

QE. 
.ill. 
0.22 

7.85 

162 
651 

0 
!53 
12 

182 
18 

500 
2211 

1.5 

na 
Qi)'43 

7.03 

na 
0.32 
na 

0.24 m 

Recyde 

7.68 

417 
644 

163 
3.9 
176 
12 

300 
ill 

1.4 

0.325 
0.024 

6.5 

0.0031 
0.009 

0.138 
176 
0.18 

7.85 

173 
7~ 

0 
222 
3.7 m 
16 

418 
1524 

1.5 

0.029 

~ 
0.0008 

0.06 
0.24 
223 
026 

7.89 

171 
616 

310 

360 
24 
598 
3183 

1.6 

na 
0.00 

14 

na 
o:v 
0.32 
360 

7.91 

540 
7.Q! 

0 
255 
48 

3.22_ 
18 

360 
2594 

1.4 

0.034 

II 

0.05 

0.23 
379 

7.77 I 8.04 

Pondl/JCT 
saspenslon 

J!!L!. 
Oct-94 

8.3 

Pond 213 CT 
saspeasion 

_!!!l!_ 
Oct-94 

8.23 

PoadVJ Ct 
nspeasioa 

~ 
Oct-94 

8.26 

··r -~ ~ I I ..................................... . .. . . ........ . . . . . . . . . . . . .. . .. . . .. .. . 
w m ~ m m 
m m n • ~ 

~ 
0 

356 
19 

341 
3289 

1.4 

0.034 

II 

0.16 

0.25 
356 

289 
0 
ill 
19 

341 
2746 

1.2 

0.033 

II 

0.45 

0.23 
353 

66 

19 
20 
457 
60S 

0.49 

0.17 

3.8 

0.11 

0.21 

i9 

~ 
!! 
18 
2i 
438 
487 

10.3 

0.27 

3.9 

1.73 

0.1_3 
18 

0 
63 
0 
i9 
20 
438 
496 

8.8 

02 

3.9 

1.5 

'!..?. 
19 

SeleniumfSe) m;rl 
SiHcon(Si mWL j 4.3 j 3 j 2.9 T 24 T 3.6 T 5.9 T 5.4 T 8.9 T 3.2 j 2.8 T 5.6 j 3 j 2.6 T 5.8 j 3.1 T 3.9 T 4.5 j 37 j 21 j 19 
Silver A2) m21L 
Sodium (Na mWL 
Strontium (Sr) m2/L l 0.6 J 0.9 j_ 2.5 _l 2.8 j_ 3.1 j_ 2.9 _l 2.8 j_ 4.9 _l 0.83 j_ I j_ 1.2 j_ 0.9 j_ 1.2 J 1.5 j_ 1.3 J 1.3 _L 1.2 l 0.87 .J 0.95 _l_ 0.95 

Thallium 
Sulpbur(S) I mWL I 268.1 I 254.4 I 676 I 898 I 940 I 682 I 898 I 1204 I 636 I 845 I 945 I 709 I 995 I 1107 I 885 I 895 I 924 I 167 I 158 I 165 

~ <DL <Dl 
Titanium (Ti 

iTungsten 
:Vanadium (V) 
!Zinc (Zn 
Cenu:altlr~ 
Dissolved Organic Carbon 
Total Organic Carbon 
Total Phenolics 

m211. 

!!!&! 
!!!&! 
m211. 

!!!&!, 
!!!&!, 
mpfl_ 

<DL <DL 

116.3 62.2 

0.082 
0.001 

0.1 na 0.081 

note: Mean and standard deviations arc calculated for detectable results (\\-ith n>2). 
1Data obtained from CANMET Report (WRC 95-11), sample 53 

~Data obtained from CANMET Report (WRC 95-1 1). sample 52 

J Day I to 28 CT data were obtained from CANMET Division Report WRC 94-40 (CF). 

~ 
0.13 

Seven sets ofCT suspensions were made using Suncor Pond 213. Scavenger tails and plant release water with FGDS. 

~Data obaincd from 1994 EVS Lab study 

'Data obtained from April 1995 CANMET report. 

...!!! 
0.084 

0.006 
Qi2 

Golder Associates Ltd 

na 
...!!!. 
0.13 

0.005 
0.23 



-, 
I 

SAMPLE ID/Date 

anven:tfonai.P.:ar:un~teTS .. ·. ·. ·• 
Unit 

~Conductance I ~~~ 
mg/L 

!llg'L 
uun m~C Carbon I mWL 
urbidity Lmg!L 
iochemic:al Oxyg~ Demand ! mwt 

~icaJ Oxy_gen Demand l m.WL 
2\oriO'ii$~-:~·~·.-. -

;L bonate (HC03 m• 

iL 
~ 

um m2: 
mate(C03) m 
ide m21 /L 
ide mtt1 iL 

ih 1esium miL 

sium mt ;L 
1m miL iL 

ih 1ate ffi.i 
mg/L 

mg/L 

itrite mg/L 

Ammonia !llg'L 
Kieldahl mg/L 

S. Total l!!_g[L 

IIlJ!Il, 
mg/L 

Ulg/1. 
m.~/L 

Be) IIlJ!Il, 
mg!L 

~ 
(Col m.VL 
Ca !llg'L 

~mium(Cr) mg:IL 

"obalt (Co) mg/L 

:::.Opper(Cu) mg/L 
·on{Fe) mWL 

ead (Pb m;;'L 
ithium (Li) mWL 

·ia:mesium (Mg) ~ 
mg'L 

~ 
(Mo) mg/L 

mi!IL 
Kl mw'L 

Sel ~ 
m.w'L 
m.2/L 
mg/L 

($r) ~L 
Sl mWL 

Recycle water' Recycle water' Recycle water 
CT suspension CT snspension CT suspension 

D:~y 1 D:~y 4 Day 9 
Oct-94 I Oct-94 I Oct-94 

7.86 

639 
180 

58 
.2_ 
19 
10 

3sl 
644 

0.69 

0.064 

0.!3 

0.18 
19 

42 

0.4 

175 

7.94 

569 

~ 
0 

§Q 
0 

!.§. 
_!Q_ 
346 
677 

0.4J 

0.051 

3.1 

0.017 

0.17 
18 

33 

0.37 
185 

8.12 

438 
g 
.!!.. 
62 
0 
i8 
iO 

346 
543 

0.24 

0.039 

3.1 

0.013 

0.17 
18 

3.3 

0.31 
176 

Table li-16.1 
Page 2 of3 

Summary of Suncor CT Release Water Chemistry From !Bench Scale Trials 

Scavenger 
tailsCt 

:n:upens.!on 
Day 2 

Oct-94 

516 
553 

90 

94 
28 
ill 
1203 

0.14 

0.13 

Scavenger 
~ailsCT 

suspension 
Day 28 
Oct-94 

269 
ill 

1!2 

132 
41 
7!4 

2457 

0.016 

1.2 

Pond 213 CT 

sBspension 
Day2 
Oct-94 

536 

_.2_ 
101 

104 

26 

~ 
1205 

0.!9 

1.3 

372 

Pond 2/3 CT 
suspension 

D:ay 28 
Oct-94 

286 
776 

197 

223 
41 

690 
3555 

0.12 

1.8 

Recycle mt. '".I Recycle water' Recycle w:aterl R.ecyde·w·:aterl Recycle w:tterl Recycle water 
CT suspension CT suspension CT suspension CT suspension CT suspension CT suspension 

Day l___ Day ~-- _ D:ay_!_ Day ~ D;ay 2 Day 28 
Oct-94 I Oct-9•1 I Od-94 I Oct-94 I Od-94 I Od-94 

474 I 162 
556 651 

W6 I I53 

lOS 182 
11 18 

298 500 
1055 2211 

0.07 0.32 

1.4 1.5 

~ 
644 

163 

176 

12 
300 
1227 

0.009 

1.4 

!71 
6i6 
0 
3lo 

360 
24 
59s 
3183 

0.27 

1.6 

540 
7oi 
0 
ill 

379 
18 

360 
2594 

0.05 

1.4 

189 
ill 

289 

353 
!9 

341 

~ 
0.45 

1.2 

Pond 213 CT 1 Pond Z/3 CT 1 Recycle water! Reqcle water 
suspension 

D::ty2 
Oct-94 

~ 
23 

66 

19 
20 
ill 
608 

0.11 

0.49 

suspension 
D2y 28 

Oct-94 

717 
35 

63 

19 
20 
438 
496 

1.5 

8.8 

s111spen!ion 
Day l 
Od-94 

639 
i80 

58 

.!2. 
10 

3sl 
644 

0.13 

0.69 

suspension 
D:t'' 28 
Oct-94 

~ 
82 

62 

!.§. 
_!Q_ 
346 
543 

0.13 

0.24 

1994 EVS4 

Oct-94 

3090 

82 

354 

12 

216 

129 

54 

27.6 

1270 

0.05 
5.72 

0.33 
0.0018 
0.003 
0.03 

<0.00! 

2.8 
<0.003 

0.009 
0.009 
0.022 
0.11 

<0.02 
0.165 

44 
0.05 

<0.05 
0.84 
0.01 

00006 
45 

<0.01 
520 
209 

1994 Evs' 
Nov-94 

3230 

8.22 
<0.01 
387 

3.24 
<5 

<292 

139 

52.1 

28.7 

1320 

0.05 
8.4 
10.2 

0.002 

<0.20 
<0.20 
<0.20 
0.037 

<0.005 
<0.10 

3.2 
<0.010 

<0.015 
<0.015 
<0.010 

0.04 

<0.050 
0.268 

~ 
0.008 

<0.00005 
0.823 
0.021 

<0.20 
3.69 

<0.015 
525 
2.47 

Thallium m~'L I I I I I I I I I I I I I I I I I I I <0.10 
Ti!anium (T;J I mR'L I i I I I I I I I I I I I I I I I I 0 017 I <0.01 

ITung;<on I mg!L I I I I I I I I I I I I I I I I I I <0 10 
~diumiV) I mwL I I I I I I I I I I I I I I I I I I 0.02 I <0.030 
!Zino IZnl I mg'L I I I I I I I I I l o.o8 l 0.014 
Gener:ri. Or_l!;2nics· . . · 

Hr· ' '"'""' Carbon mg;"L 60 

'-- m~'L 

mg/L J: J, J: J: J, J: J: J J ~ 0015 J 0023 
note Mean and standard dc>Jattons are calculated for detectable results (v.ith n>2) 
1Da!a obtained from CA..NMET Report (WRC 95-1 t). sample 53 

:D;Jta obtained from C.-'\NMET Report (WRC 95-11 ). sample 52 
1 Day I to 28 CT data were obtained from CANMET Division Report WRC 94-40 {CF) 

Seven sets of CT suspcnsioP..s were made using Suncor Pond 2/3. Scavenger tails and plant release water with FGDS 

'Data obained from I 994 EVS Lab study 

'Data obtained from April 1995 CANMET report 

GoldM Ac:.<:.nr:iales un 
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Table 11-8.1 
Page 3 of 3 

Summary of Suncor CT Release Water Chemistry From Bench Scale Trials 

Coru:oi.Sa 

SAMPLE IDID:atel PW+Ca1 

Unit JUL94. MIN 
C.tla\l..t!atiln!:d P:at.fa:ld:etl'". · · -•· . . 

Conductance: 
~ 
pH 
Sulphide 
Total Alkalinity 
T otallnorganic Carbon 
Turbidity 
Biochemical Oxva:en Demand 
iOtcmical Oxygen Demand 
lllioloito>s:-:-:· .·.· 
Bicarbonate (HC03 
!Calcium 
'Carbonate (C03 
Qlloride 
Fluoride 
Magnesium 
Potassium 
Sodium 
'~te 
Fe~•IJ• 

H.CO 
Natiitats· · · 
iNitrate + Nitrite 
Nitrogen - Ammonia 
Nitrogen - Kjeldahl 
Phosphorus. Total 
tQt:ilMti11ls:-·-· 
Aluminum (Al 
Antimony (Sb 

pS/cm 

.!!!Si!, 
units 

.!!!Si!, 

.!!!Si!, 

.!!!Si!, 
mg/1,. 
.!!!Si!, 
mg/L 

.!!!Si!, 

.!!!Si!, 

.!!!Si!, 

.!!!Si!, 

.!!!Si!, 

.!!!Si!, 

.!!!Si!, 
mg/L 

.!!!Si!, 
miZIL 
m.JL 

miZIL 

.!!!Si!, 

.!!!Si!, 
m.JL 

L 
I 

.!!!Si!, 
miZIL 

Cadmium (Cd) I mg!L 
Calcium (Cal m21L 

Chromium (Q) I m:;t 
Cobalt(Co) m 
Cooper (Cu) m5YL 
lron(Fe m L 
Lead (Pb m 
Lithium Li m~ 

Ma£IJesium (M2) m2/i 

Man•aneso (Mn) I mill 
m 
m 
m l 
mg/L 

Selenium (Se) iii21L 
Silicon (Si m.Wl 
Silver (Ag) mg!l. 
Sodium (Na mEIL 
Strontium (Sr) mWi 
Sulphur S) .;;;iL 
Thallium mg/] 
Titanium (Ti) mg!L 
Tunwen m21'l 
Vanadium (V) m.Wl 
IZinc (Zn) m21'L 
CeDU21 :0:..2:Utics ·. · ·. ·. ·.·.·.·.I.· · 
Dissolved Organic Carbon 
Total Organic Carbon 
Total Phenolics 

.'!!&i 

.!!!Si!, 
m<iL 

150 129.5 113.4 81.43 

33.42 28.59 33.8 28.8 

579.8 496.1 568.8 523.7 
1526 1192 1531 1123 

note: Mean and standard deviations are calculated for detectable results (with n>2). 

'Data obtained from CANMET Report (WRC 95-11), sample 53 

:Data obtained from CANMET Report (WRC 95-11). sample 52 

' Day 1 to 28 CT data were obtained from CANMET Division Report WRC 94-40 (CF}. 

149 
8:8 

98.9 

529 
33.6 
32 
366 
T7 
15.9 
15 

722.2 
1016 

0.12 

0.07 

3.5 

33.6 

0.24 
<DL 

0.24 
15.9 

ii074 

0.16 

15 

3.2 

0.99 
259.6 
--o:2 

0.24 

105.3 

3090 
99 

354 
69 

~ 
216 

162 

~ 
0 

1Q: 
.!!. 
12 
iO 
298 

~ 
0.009 

0.05 

0.1 
o:ooi 

0.02 
0.001 

0.003 
20 

0.01 

O;Q! 
0 

<!?_h 
0 

0.1 
12 

0.01 
<0.00005 
o:2 

0.01 
13 

0.0006 

<0.01 

gQ 
0.3 
158 
<o.i 

<0.01 

0.001 
O.ot 

62.2 
0.015 

Seven sets ofCT suspensions were made using Suncor Pond 213. Scavenger tails and plant release water with FGDS. 

'Data obaincd from 1994 EVS Lab study 

'Data obtained from April 1995 CANMET report. 
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MAX 

3230 

!!4 
9 

387 
129 
12 

292 

754 
776 
32 
366 
48 

379 
41 
746 

3555 

0.05 

10 
02 
.Ql_ 
0.27 

0.005 

14 
0.01 
4s 
0.02 
0.02 

024 
..!2.. 
0.06 
0.4 m 
o.5 

<0.05 
0.8 

0.02 
15 

Ql. 
l!.._ 

<0.02 
ill 

1204 
0.2 

ii:02 

O.o3 
024 

116.3 
0.023 

MEAN 

3160 
144 

..L 
<0.02 

~ 
99 

254 

425 
394 

154 

132 
21 

484 

ill§. 
0.25 

0.1 

10 
0.002 

0.101 
0.03 
0.06 

0.003 

<Q1 
6 

0.007 
34 

0.01 
0.01 
0.03 

0.239 
0.02 
0.2 

ill 
0.2 

~ 
0~ 
14 
0.1 
5 
0.01 
523 
2 

627 

0.01 

..Ql_ 
0 02 
ill 

~ 
94.6 

Qoi9 

STD.DEV 

42.4 
o.r 

187.7 
2m 
5:8 
96.5 
iT6 
123.4 
9.6 

14G.6 
923.6 

0.4 

2.3 

0.1 
o.i 

3.2 

14.1 

0.1 
0.4 

ii:02 
0.1 

121.7 
0.1 

0.4 

1.1 

4.6 

1.1 
360.1 

0.01 
0.07 

28.6 

N 

~ 
I 

~ 
~ 
~ 
~ 
ll 
42 
4o 
.Q 
~ 
14 
14 

40 
2 
10 
26 

~ 
2 

II 
25 

26 

~ 
13 

26 

26 

~ 
3 

II 



Table 11-8.2 
Page 1 of 2 

Summary of Syncrude CT Release Water Chemistry from Bench Scale Trials 

Svncrude 
Consoi.Sy C Consol Sy C 2M Sy Flume Te•t "1ST B••nch 

SAMPLEID PW+Ca' PW+Ca1 PW+Ca1 Sumnle' Trst' MIN MAX MEAN N 
DATE Units I Mav-94 Jun-94 I Jun-94 Mav-95 I Jun-95 I I 

Chemical Oxygen Demand mg/L 260 300 260 300 280 
Conductance ~S/cm 3600 3550 3550 3600 3575 2 
Hardness mg/L 41.6 62.1 64.2 41.6 64.2 56 
pH units 9 9.2 8.5 8.4 8.81 8.4 9.2 8.8 
Sulphide mg!L <0.01 <0.01 <0.01 2 
Total Alkalinity mgfL 688 567 567 688 628 2 
Total Inorganic Carbon mg!L 113.1 180.8 187.1 113.1 187.1 160.3 

· · · ·. · · .·.·.·. .·.· :MajorJom·> · 
Bicarbonate (HC03) mg!L 925 908 1093 800 800 1093 932 4 
Calcium mg/L 7.6 14 15 36 19.1 7.6 36 18.3 5 

Carbonate (C03) mgfl 80 112 24 20 20 112 59 4

0
~ = 

Chloride mg!L 523 51.5 455 365 442 51.5 523 367.3 
Cyanide mg/L 0.055 <0.001 <0.001 0.055 
Fluoride mg!L 29.8 24.6 <DL <DL 29.8 27.2 3 

ltM~agn~~e~si~um~-------------4~m~lg~I!L~~~5~.5~-4~~6~.6~-4--~6~.5~-+--~1~9---4~~15~.~8--+-~5~.5~~--~1~9--4~ .. ~~1~0.f7--+---5~-4l 
Potassium mg/L 11.7 12.8 12.3 22 21.3 11.7 22 16 5 
Sodium mg/L 1221 1202 1197 910 925 910 1221 1091 5 
Sulphate mg{I_ 1114 1080 953 1040 897 897 1114 1017 5 

Nitrate+ Nitrite mg{I_ 0.050 0.060 0.05 0.06 0.06 
Nitr<>gen - Ammonia mg/L 0.49 0.35 0.35 0.49 0.42 2 
Phosphorus, Total mg{I_ 0.2 0.2 
Phosphorus, Total Dissolved mg/L <DL <DL <DL 0.033 0.19 <DL 0.19 0.11 

Dissolved Organic Carbon mg/L 55 66.9 55 66.9 61 2 
Microtox IC20 % 13 12 12 13 13 
Microtox ICSO % 58 72 58 72 65 
Naphthenic acids mg!L 76 76 
Oil and Grease mg/L 15 14.4 14.4 15 14.7 
Surfactants (MBAS) mg/L 1.9 2 1.9 2 2.0 
Total Organic Carbon mg/L 251.7 192.6 190.6 190.6 251.7 211.6 
Total Phenolics mg/L 0.016 0.017 0.016 0.017 0.0165 2 

Aluminum(AI) mg/L 1.1 0.04 0.22 0.52 0.12 0.04 1.1 0.4 
Barium (Ba) mg/L 0.09 0.1 0.16 0.1 0.1 0.09 0.16 0.11 
Beryllium (Be) mg/L 0.001 0.001 0.001 0.001 0.001 
Boron (B) mg/L 3.6 3.6 3.1 2.26 2.75 2.26 3.6 3.06 
Cadmium (Cd) mgfl <0.003 <0.003 <0.003 2 
Calcium (Ca) mg/1. 7.6 14 15 7.6 15 12.2 3 
Chromium (Cr) mg!L 0.002 0.004 0.002 0.004 0.003 2 
Cobalt (Co) mgfl. <0.003 0.003 <0.003 0.003 2 
Copper (Cu) mg/L <DL 0.27 <DL 0.004 <0.001 <DL 0.27 0.09 5 
Iron (Fe) mgfl. <0.21 <DL <0.09 0.04 <0.01 <DL 0.04 5 
Lead (Pb) mgfL <0.02 <0.02 <0.02 2 
Lithium(Li) mg/1. 0.19 0.21 0.24 0.205 0.214 0.19 0.24 0.21 5 
Magnesium (Mg) mg/L 5.5 6.6 6.5 0.001 0.001 6.6 4.65 4 
Manganese (Mn) mg/L <DL 0.016 <DL <0.001 <0.001 0.016 4 
Molybdenum (Mo) mg/1. 0.24 0.21 0.18 0.150 0.134 0.134 0.24 0.183 5 
Nickei(Ni) mg/L 0.014 0.015 0.014 0.015 0.015 2 
Potassium (K) mg/L 11.7 12.8 12.3 11.7 12.8 12.3 3 
Silicon (Si) mg/L 3.8 3.4 4.9 3.4 4.9 4.0 3 

• 

mg!L <0.002 <0.002 <0.002 2 
mg/L 0.33 0.43 0.4 1.09 0.94 0.33 1.09 0.64 5 
mg/L 351.8 318.5 316.1 316.1 351.8 328.8 3 

~------------4-~m~,g~/IL~~~~~-r~~~-4--~~--+-~o~.0~1~6---r--<~0~.0~03~+-~<~0~.0~0~3~~0~.0~1~6-4--~~-+--~2~-4l 

J)" m~=~ <0.5 <0.5 <0.5 2 
'J l!<'L 0.006 <0.002 <0.002 0.006 0.004 2 

IIZinc (Zn) mg/L <DL 0.16 <DL 0.003 0.001 <DL 0.16 0.055 5 

c\'199712205\6045\REVISEO.XLSISYN BENCH· WQ Golder Associates Ltd. 



Table 11-8.2 
Page 2 of 2 

Summary of Syncrude CT Release Water Chemistry from Bench Scale Trials 

Svncrude 
Consoi.Sy C Consol Sy C 2MSy Flume Test 

SAMPLE ID PW+Ca' PW+Ca' PW+Ca1 Samnle' 
DATE I Units Mav-94 I Jun-94 I Jun-94 I Mav-95 
·:-:-:-:::::::::::::::::::::::::: :::::::::::::turli:~{PA:us:and:An ·Jiti~d:P.Alli: . . . ·.·.·.·.·.·.·.·.·.·.· . . . 
Naphthalene ppb <0.02 

Cl Subst'd naothalenes ppb <0.02 
C2 Subst'd naphthalenes ppb <0.04 
C3 Subst'd naphthalenes ppb <0.04 

C4 Subst'd naphthalenes ppb <0.04 

Acenaphthene ppb <0.02 

Methyl acenaphthene ppb <0.04 

Acenaphthylene ppb <0.02 

Anthracene ppb <0.02 
Dibenzo( a,h )anthracene ppb <0.02 
Benz( a )Anthracene ppb <0.02 
Chrysene oob <0.02 
Methyl Chrysene/Benz(a)Anthra. ppb <0.04 
C2 Subst'd Chrysene/Benz(a)AnthJ oob <0.04 
Benzo( a )pyrene nob <0.02 
Methvl Benzo(a)Pvrene/Benzo(b& oob <0.04 
C2 Subst'd Benzo(a)Pvrene/Benzo oob <0.04 
Benzo(b&k)fluoranthene oob <0.02 
Benzo( g,h,i)oervlene oob <0.02 

Biphenyl oob <0.04 

Methyl biphenyl ppb <0.04 

2 Substituted biphenyl ppb <0.04 

Dibenzothiophene ppb <0.02 

Methyl dibenzothioohene ppb <0.04 

2 Substituted dibenzothioohene ppb <0.04 

3 Subst'd dibenzothioohene ppb <0.04 
4 Subst'd dibenzothioohene ppb <0.04 
luoranthene ppb <0.02 

\.1ethyl fluoranthene/ovrene ppb <0.04 

luorene ppb <0.02 
\.1ethyl fluorene ppb <0.04 

2 Substituted fluorene ppb <0.04 
ndeno( c,d-123 )pyrene ppb <0.02 

'henanthrene ppb <0.02 
enanthrene/anthracene ppb <0.04 

IC2 Subst'd phenanthrene/anthracer ppb <0.04 

C3 Subst'd phenanthrene/anthracer ppb <0.04 

C4 Subst'd phenanthrene/anthracer ppb <0.04 
Pyrene ppb <0.02 
. . .·.·.·.·.·.·.·.·.·.·.·.·.·.· ::::t~r1!:ei:MNns:::::::::::: . . . . . . . . . . . . 

Quinoline ppb <0.02 

7-Methvl Quinoline ppb <0.02 

C2 Subst'd Quinoline ppb <0.02 

C3 Subst'd Quinoline ppb <0.02 

Acridine ppb <0.02 

!Methyl acridine ppb <0.02 

ar~M 
ppb <0.02 

zole ppb <0.02 

I carbazole ppb <0.02 
ole oob <0.02 

'Data obtamed from 1995 CANMET DIVISION REPORT WRC 95-11 (CF) 

'Data obtained from Syncrude's Mike MacKinnon. 

r.\199712205\6045\REVISEO.XLS\SYN BENCH- WQ Golder Associates Ltd. 

NST Bt•nch 

T~5t 1 MIN MAX MEAN 
I Jun-95 I I I ............. :-:-:-:-:-:-:-:-:-:-:-:- :-:-:-:-·.· . . . . . . . . . . . . . . ............. . .. . . . . . . . . . . . . . 

<0.02 <0.02 
<0.02 

<0.04 <0.04 
<0.04 <0.04 
<0.04 <0.04 
<0.02 <0.02 
<0.04 <0.04 
<0.02 <0.02 
<0.02 <0.02 
<0.02 <0.02 

<0.02 
<0.02 

<0.04 <0.04 
<0.04 <0.04 
<0.02 <0.02 
<0.04 <0.04 
<0.04 <0.04 

<0.02 
<0.02 <0.02 
<0.04 <0.04 
<0.04 <0.04 
<0.04 <0.04 
<0.02 <0.02 
<0.04 <0.04 
<0.04 <0.04 
<0.04 <0.04 
<0.04 <0.04 
<0.02 <0.02 
<0.04 <0.04 
<0.02 <0.02 
<0.04 <0.04 
<0.04 <0.04 
<0.02 <0.02 
<0.02 <0.02 
<0.04 <0.04 
<0.04 <0.04 
<0.04 <0.04 
<0.04 <0.04 
<0.02 <0.02 

... ·,·,·,·.·,·.·.·.·.· . . . . ...... . ...... . . . . . 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 
<0.02 

N 

2 
I 
2 
2 
2 
2 
2 
2 
2 
2 
I 
I 
2 
2 
2 
2 
2 
I 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Table II - C.1 
Page 1 of 4 

Summary of Suncor CT Release Water Chemistry From Field Scale Trials 

NST -1 pool NST 2-pool NST NST-2 pool NSTl-pool RW162(W05 RW162W040 

R\iial 
SAMPLE ID and Date low Ca high Ca swim pool high Ca lowCa RW161-l RW161-2 RW161-5 RW161-T002 RW161-T002( ,56) RW162T0018 RW162T0033 RW162T0065 RW162Wu02 RW162W028. RW162W036 7 RW16 , ... , 

Units Nov-94 Oct-94 Oct-94 Nov-94 Oct-94 Jul-95 Jul-95 Jul-95 Jul-95 Jul-95 Sep-95 Jul-95 Aug-95 Sep-95 Jul-95 Aug-95 Aug-95 Sep-95 
!Conventional Parameters 

Chemical Oxygen Demand mg/L 0.001 
Chlorophyll "a" mg!L 0.008 
Conductance !JSicm 2337 2154 
Hardness mg!L 505.6 1411 306 1681.3 503 
pH units 8.2 8 8.4 7.9 8.2 8.37 8.1 8.2 8.34 8.43 8.37 
Sulphide mg/L 0.01 0.01 0.01 0.01 0.01 0.01 
Total Alkalinity mg/L 410 504 524 356 496 387 363 351 308 
Total Dissolved Solids mg/L 1380 1613 1650 1404 1595 1506 1435 1512 1288 
Total1norganic Carbon mg/L 82.5 42.4 64.3 50.7 80.3 
Total Suspended Solids mg/L 3 9 
Major Ions ' 

Bicarbonate (HC03) mg/L 375 239 362 283 432 499.8 6144 638.8 412.7 604.6 471.8 430.2 406.2 360.7 
Calcium mg!L 123.8 453 57.4 542 129 105 122 127 51.2 100 57.5 46.3 55.8 42.6 
Carbonate (C03) mg/L 0 <DL 8 0 <DL 0.5 0.5 0.5 10.5 0.5 0.5 6.1 10.7 7.2 
Chloride mg/L 55 53 47 42 54 55 55.2 

-
57.6 53.5 55 48.1 55.7 57.2 59 

Fluoride mg/L 12.5 1.6 14.5 13 2.1 
Magnesium mg/L 47.7 68 39.4 79.6 44 6.9 II 1!.4 12 12.8 12.6 12 13.6 10.1 
Potassium mg/L 29 33.5 26.5 38.4 27.6 13.1 19 18.6 16.1 18.8 18 17 19.3 14.1 
Sodium mg/L 498.9 600 643.2 630.5 520 332 456 437 417 471 449 441 460 392 
Sulphate mg/L 1191 2530 1044 2376 1270 625 642 679 636 635 674 640 696 586 
!Nutrients ' 

Nitrate+ Nitrite mg/L 0.012 0.006 0.006 0.006 0.009 0.021 
Nitrogen- Ammonia mg/L 0.33 2.38 0.725 0.71 0.16 0.24 
Nitrogen- Kjeldahl mg/L 1.92 4.6 

-
2.75 2 1.72 1.2 

Phosphorus, Total mg/L 0.05 0.019 
-

0.096 0.076 0.035 0.053 
hosphorus,Total Dissolved mg/L <DL <DL <DL <DL <DL 

venera! Organics and Toxicity = 

Biochemical Oxygen Demand mg/L 2.8 -· 6.9 
Daphnia LC50 % >100 NM NM >100 NM 
Dissolved Organic Carbon mg/L 53.6 65 
Microtox (%light output) % 84 67 

-
Naphthenic acids mg!L 98 86 100 77 85 87 69 76 76 87 68 69 63 
Rainbow Trout LC50 % 71 NM NM 71 NM 
Total Organic Carbon mg/L 86.6 91.9 90.9 92.5 96.7 56.1 65 

= 
Note. 

NM ==not measured 
Mean and standard deviation calculation is based on detectable results 

R:IREVJSED.XLS\FIELD SCALE·WO Golder Associates Ltd. 



Table II - C.1 
Page 2 of 4 

Summary of Suncor CT Release Water Chemistry From Field Scale Trials 

II SAMPLE ID and Date 
RW163W001 RW163W028, RW163\V039 RW164 RW164W040 

RW163T0017 RW163T0032 W014 29,30 46 RW163W060 (W054,5,6) RW164T0018 RW164T0033 RW164W002 RW164W028, 47 RW164W062 MIN MAX MEAN N 

~~ventional Parameters 

Units Jul-95 Aug-95 Jul-95 Aug-95 Aug-95 Sep-95 Sep-95 Jul-95 Aug-95 Jul-95 Aug-95 Aug-95 Sep-95 

tLhemical Oxygen Demand mg!L 0.001 1 
Chlorophyll "a" mg!L 0.001 0.0024 0.001 0.0032 0.001 0.008 0.003 5 
Conductance J.!S/cm 2402 1891 2109 1902 1891.000 2402.000 2132.5 6 
Hardness mg/L 306.0 1681.3 881.4 5 
pH units 8.16 8.54 8.49 8.38 8.27 8.17 8.22 8.35 8.34 7.9 8.5 8.3 20 
Sulphide mg/L 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.0 0.0 0.0 15 
Total Alkalinity mg/L 472 325 289 343 277 407 318 284 295 277.0 524.0 372.7 18 
Total Dissolved Solids mg/L 1670 1486 1254 1513 1229 1600 1376 1245 1433 1229.0 1670.0 1454.9 18 
Totallnorganic Carbon mg/L 42.4 82.5 64.0 5 
Total Suspended Solids mg/L 10 17 0.4 3 0.4 17.0 7.1 6 
Major Ions 

Bicarbonate (HC03) mg/L 575.4 367.9 330.8 401.6 337.7 496.1 387.6 333 347.7 239.0 638.8 422.1 23 
alcium mg/L 82.1 33.3 35.8 58.6 72.3 118 84.5 76.1 88.1 33.3 542.0 115.7 23 

Carbonate (C03) mg/L 0.5 13.9 10.6 8.1 0.5 0.5 0.5 6.5 5.9 0.0 13.9 4.4 21 
Chloride mg/L 67 66.5 54.4 55 46.5 51.7 50.5 48.9 45.4 42.0 67.0 53.6 23 
Fluoride mg/L 1.6 14.5 8.7 5 
Magnesium mg/L 12.5 11.7 9.9 12 7.9 8.5 8.4 7.2 9.5 6.9 79.6 20.4 23 
Potassium mg/L 20.2 18.3 14.8 16.1 13.1 15.4 15.1 11.5 15.5 11.5 38.4 19.5 23 
Sodium mg/L 500 468 408 457 347 399 380 353 405 332.0 643.2 455.0 23 
Sulphate mg!L 700 690 555 705 573 614 644 575 690 555 2530 868.3 23 

!Nutrients 

'Nitrate+ Nitrite mg/L 0.004 0.004 0.003 0.01 0.025 0.038 0.02 0.019 0.019 0.00 0.04 0.0 15 
Nitrogen- Ammonia mg/L 2.41 0.098 0.12 0.36 0.7 2.28 1.362 1.05 0.41 0.10 2.41 0.9 15 
Nitrogen- Kjeldahl mg/L 4.15 1.16 0.95 1.28 1.46 4.05 2.75 1.5 1.43 0.95 4.60 2.2 15 
Phosphorus, Total mg/L 0.024 0.073 0.05 0.023 0.039 0.021 0.06 0.025 0.006 0.01 0.10 0.0 15 

hosphorus,Total Dissolved mg/L <DL 5 

General Organics and Toxicity 

Biochemical Oxygen Demand mg/L 2.5 3 1.6 4.1 1.6 6.9 3.5 6 
Daphnia LC50 % >100 2 

Dissolved Organic Carbon mg/L 65.3 65 57.1 64 53.6 65.3 61.7 6 
Microtox (%light output) % 67 84 75.5 2 
Naphthenic acids mg/L 87 73 94 79 62 69 63 83 70 89 78 62 68 62 100 77.6 26 

Rainbow Trout LC50 % 71 71 71.0 2 
'ntol lroanic Carbon mg/L 65.7 68 57.7 64 56.1 96.7 75.9 11 

Note. 

NM = not measured 

Mean and standard deviation calculation is based on detectable results 

R:\REVISEOXLSIFIELO SCALEWQ Golder Associates Ltd. 
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Summary of Suncor CT Release Water Chemistry From Field Scale Trials 

NST -1 pool NST 2-pool NST-2 pool :\STI-pool low RW162W0404 

SAMPLE ID and Date lowCa high Ca NST swim pool high Ca Ca RW162W002- 7 V163WOOI-WO W163W039-4 RW164W002 W164W040-4 MIN MAX !\lEAN N 
Total Metals 

Aluminum (AI) mg!L 0.14 0.03 0.1 1.92 0.01 0.05 0.01 1.92 0.38 6 

Arsenic (As) mg/L 0.003 0.0008 0.0028 0.0007 0.0058 0.0025 0.001 0.01 0.003 6 
Barium (Ba) mg!L 0.18 0.11 0.14 0.05 0.13 0.09 0.05 0.18 0.12 6 
Beryllium (Be) mg/L 0.001 0.001 0.001 0.001 0.001 0.001 0.001 6 

Boron (B) mg/L 3.5 3.37 3.74 3.19 3 06 2.7 2.70 3.74 3.26 6 

Cadmium (Cd) mg!L 0.003 0.003 0.003 0.003 0.003 0.003 0.003 6 

Chromium (Cr) mg/L 0.002 0.002 0.002 0.002 0.003 0.002 0.002 0.003 0.002 6 

Cobalt (Co) mg!L 0.003 0.003 0.007 0.003 0.006 0.003 O.OO.J 0.01 0.004 6 

Copper (Cu) mg!L 0.002 0.001 0.001 0.002 0.001 0.003 0.001 0.003 0.002 6 

Iron (Fe) mg!L 0.12 0.04 0.15 1.0 I 0.04 0.06 0.04 1.01 0.24 6 

Lead (Pb) mg/L 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 6 -
Lithium (Li) mg/L 0.173 0.198 0.189 0.188 0.156 0.156 0.16 0.20 0.18 6 

Manganese (Mn) mg/L 0.032 0.016 0.015 0.058 0.035 0.027 O.o2 0.06 0.03 6 

Mercury (Hg) mg!L 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 6 

Molybdenum (Mo) mg!L 1.19 1.15 1.37 1.08 1.42 1.19 LOS 1.42 1.23 6 

Nickel (Ni) mg/L 0.009 0.005 0.023 0.007 0.019 0.018 0.01 0.02 0.01 6 

Selenium (Se) mg!L 0.0007 0.0028 0.0016 0.0014 0.0005 0.0036 0.001 0.004 0.002 6 

Silicon (Si) mg/L 2.96 2.32 2.82 5.58 2.85 3.01 2.32 5.58 3.26 6 

Silver (A g) mg!L 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002 6 

Strontium (Sr) mg/L 1.02 0.934 1.09 0.752 0.996 0.865 0.75 1.09 0.94 6 

Sulphur (S) mg/L 236 229 249 207 215 186 186 249 220 6 

Titanium (Ti) mg/L 0.003 0.003 0.003 0.009 0.003 0.003 0.003 0.01 0.004 6 

Uranium (U) mg/L 0.5 0.5 0.5 0.5 0.5 0.5 0.50 0.50 0.50 6 

Vanadium (V) mg!L 0.007 0.002 0.002 0.002 0.17 0.131 0.002 0.17 0.05 6 

inc (Zn) mg/L 0.043 0.044 0.056 0.043 0.051 0.025 0.03 0.06 0.04 6 

~issolved Metals 

Aluminum (AI) mg/L <DL 0.1 <DL <DL 0.33 <DL 0.33 0.22 5 

Barium (Ba) mg/L 0.02 0.02 0.03 0.02 0.03 0.02 0.03 0.03 5 

Boron (B) mg!L 3.19 3 4 3.6 2.8 2.80 4.00 3.35 5 

"'alcium (Ca) mg/L 123.8 453 57.4 542 129 57 542 295.35 5 

~.-opper (Cu) mg/L <DL 0.023 <DL <DL 0.022 <DL 0.02 O.o2 5 

Iron (Fe) mg/L <DL 0.06 <DL <DL 0.11 <DL 0.11 0.09 5 

Lithium (Li) mg/L 0.32 0.185 0.34 0.37 0.165 0.17 0.37 0.27 5 

Magnesium (Mg) mg/L 47.7 68 39.4 79.6 44 39.40 79.60 57.75 5 

Manganese (Mn) mg/L <DL 0.21 <DL 0.06 0.05 <DL 0.21 0.11 5 

Molybdenum (Mo) mg/L 0.8 0.892 0.3 0.8 0.84 0.30 0.89 0.71 5 

Potassium (K) mg/L 29 33.5 26.5 38.4 27.6 26.50 38.40 31.50 5 

Silicon (Si) mg!L 5.82 3.9 2.3 5 4.5 2.30 5.00 3.93 5 

Sodium (Na) mg/L 498.9 600 643.2 630.5 520 520 643 598.4 5 

Strontium (Sr) mg/L 2.35 4.3 1.6 4.92 2 09 1.60 4.92 3.23 5 

Sulphur (S) mg/L 479.8 875 394.4 1012 411 394 1012 673 5 

Zinc (Zn) mg/L 0.093 <DL 0.17 0.08 <DL 0.17 0.11 5 

Note: 

<DL =less than detection limit 

Mean and standard deviation calculation is based on detectable results 

R:\REVISEO.XLS\FIELD SCALE-WQ Golder Associates Ltd. 
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Summary of Suncor CT Release Water Chemistry From Field Scale Trials 

SAMPLE ID nnd Date RWI61-I RWI62W036 I RWI63WOIO I RWI63W035 _l RWI64WOIII RW164W036 I MIN I 1\IAX I I\IEAN I N II ~Target PAlls and Alkylnted PAlls 
I I : : : : I I Naphthalene 1 ppb <0 0~ <0.02 <0.02 <0.02 <0.02 <0.02 5 

Methyl naphthalenes ppb <001 0.05 <0.02 0.04 <0.02 0.05 <0.01 0.05 0.04 6 
C2 Subst'd naphthalenes ppb <0.04 <004 <0.04 <004 <004 <0.04 5 
C3 Subst'd naphthalenes ppb 0 02 <0.04 <004 <0.04 <0.04 <0.04 <0.04 om 0.02 6 
C4 Subst'd naphthalenes ppb 0.22 <0.04 <004 <0.04 <0.04 <0.04 <0.04 0.22 0.22 6 
Acenaphthene ppb 0.4 <002 <0.02 <0.02 <0.02 <0.02 <0.01 0.40 0.40 6 
Methyl acenaphthene ppb 0.05 <0.04 <0.04 0.04 <0.04 <0 04 <0.04 0.05 0.05 6 
Acenaphthylene ppb <0.01 0.08 <0.02 0.06 <0.02 0.07 <0.01 0.08 0.06 6 
Anthracene ppb <0.01 <0.02 <0.02 <0.02 <0.02 <0.02 <0.01 <0.02 0.01 6 
Dibenzo(a,h)anthracenc ppb <001 <0.02 <0.02 <0.02 <0.02 <0.02 <0.01 <0.02 0.01 6 
Benzo(a)Anthracene/Chrysene ppb <0.01 <0.02 <0.02 <0.02 <0.02 <0.02 <0.01 <0.02 0.01 6 
Benz(a)Anthracene ppb <0.04 <0.04 I 
C2 Subst'd Chrysene/Benz(a)Anthr ppb <0.04 <0.04 l 
Methyl benzo(a)anthracene/chryse ppb <0.04 <004 <0.04 <0.04 <004 <0.04 5 
C2 Subst'd benzo(a)anthracene/chr ppb <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 5 
Benzo(a)pyrene ppb <0.02 <0.02 <0 02 <0.02 <0.02 <0.02 5 
Methyl benzo(b&k) fluorantheneir' ppb <0.02 <0.04 <0.04 <0.04 <004 <0.02 <0.04 5 
C2 Subst'd benzo(b& k) fluoranthe ppb <0 02 <0 04 <004 <0 04 <0.04 <0.01 <0.04 5 
Benzo(b&k)tluoranthene ppb 0 08 <0.02 <0.02 <0.02 <0.02 <0.02 0.08 0.08 5 
Benzo{g.h.i)perylene ppb 002 <002 <0.02 <0.02 <0 02 <0 02 <0.01 0.02 0.02 6 
Biphenyl ppb <0.01 <0.04 <0.04 <0.04 <0.04 <004 <0.01 <0.04 0.01 6 
Methyl biphenyl ppb <0.02 <0.02 <0.04 <0.04 <0.04 <0.04 <0.01 <0.04 0.02 6 
C2 Substituted biphenyl ppb <0.02 <0.04 <0.04 <004 <0.04 <0.04 <0.02 <0.04 0.02 6 
Dibenzothiophene ppb 0.19 <0.04 <0.02 <0.02 <0.02 <002 <0.04 0.19 0.19 6 
Methyl dibenzothiophene ppb 0.02 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 0.02 0.02 6 
C2 Substituted dibenzothiophene ppb 0 28 <0.04 <0.04 <0 04 <0.04 <0.04 <0.04 0.28 0.28 6 
C3 Subst'd dibenzothiophene ppb 0.51 <0.04 <004 <0.04 <0.04 <0.04 <0.04 0.51 0.51 6 
C4 Subst'd dibcnzothiophene ppb 0.53 <004 <0 04 <0 04 <0 04 <0.04 <0.04 0.53 0.53 6 
Fluoranthene ppb 0.83 <0.02 <002 <002 <0.02 <0.02 <0.01 0.83 0.83 6 
Methyl fluoranthenelpyrene ppb <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 6 
Fluorene ppb <002 <0.02 <.0.02 <0.02 <0 02 <0.01 5 
Methyl fluorene ppb 0.06 <004 <0.04 <0.04 <0.04 <0.04 <0.04 0.06 0.06 6 
C'2 Substituted fluorene ppb 0.28 <0.04 <004 <0.04 <004 <0.04 <0.04 0.28 0.28 6 
lndeno(c,d-123)pyrene ppb 0.25 <0.02 <0.02 <.002 <0.02 <0.02 <0.02 0.15 0.25 6 
Phenanthrene ppb <0.01 <0 02 <0.02 <0.02 <0.02 <0.02 <0.01 <0.02 0.01 6 
Methyl phenanthrenela1\thracene ppb 0.46 <0.04 <0 04 <0.04 <0.04 <0.04 <0.04 0.46 0.46 6 
C2 Subst'd phenanthrenelanthracen ppb 0.75 <0.04 <004 <004 <0.04 <0.04 <0.04 0.75 0.75 6 
('3 Subst'd phcnanthrc:ne/anthracen ppb I <004 <"0.04 <004 <0.04 <0.04 <0.04 I 1.00 6 
C4 Subst'd phenanthrcnelanthracen ppb 1.4 <0.04 <004 <0.04 <0.04 <0.04 <0.04 1.4 1.40 6 
l·tvtethyl· 7·isopropyl·phenanthren ppb I. I <0 04 <0.04 <0.04 <0.04 <0.04 1.1 1.10 6 
Pyrt:ne ppb <001 <002 ~0.02 <0.02 <0.02 <002 <0.01 <0.02 0.01 6 
Target PANIIs 

quinoline ppb <0.02 <0.02 <0 02 <002 <0.02 <0.02 5 
?·Methyl quinoline ppb <0.02 <0 02 <0 02 <0 02 <0 02 <0.01 5 
C2 Subst'd quinolin~ jlpb <0.02 <002 <0.02 <0 02 <0.02 <0.02 5 
C3 Subst'd quinoline ppb <002 <0.02 <0.02 <0.02 <0.02 <0.02 5 
Acridine ppb <0.02 <002 <002 <0.02 <002 <0.01 5 
Methyl acridine ppb <0.02 <0.02 <0.02 <0.02 <0.02 <0.01 5 
PhcnanthridiiH! ppb <00:! <0.02 <0.02. <0.02 <002 <0.02 5 
Carbazole ppb <0.02 <0.02 <0.02 <0 02 <002 <0.02 5 
Methyl carbazole ppb <002 <0.02 <002 <0.02 <002 <0.0:! 5 
C2 Subst'd carbazole ppb <0.02 <0.02 <0.02 <0.02 <002 <0.02 5 
Phenolics 

Phenol ppb <0.4 I <04 0.2 <04 <0.4 I 5 
o-Cresol ppb <0.4 I <0.4 0.1 <0.4 <0.4 I 5 
m·Cresol ppb <0.4 I <0.4 03 <04 <0.4 I 5 
p·Cresol ppb <0.4 I <0.4 0.1 <04 <0.4 I 5 
2.4·Dimethylphcnol ppb <0.4 I <0.4 0.2 <0.4 <0.4 I 5 
2·Nitrophenol ppb <2 <2 <2 <2 <2 <2 5 
4-Nitrophenol ppb <20 <20 <20 <20 <20 <20 5 
2, 4· Dinitrophenol ppb <20 <!0 <20 <20 <20 <20 5 
4,6·Dinitro·2-methyl phenol ppb <20 <20 <20 <20 <20 <20 5 
Volatile organics 

Acetone ppb <100 <100 <100 <100 <100 <100 5 
Acrolein ppb <100 <100 <100 <100 <100 <100 5 
Acrylonitrile ppb <100 <100 <100 <100 <100 <100 5 
Benzene ppb <I <I <I <I <I <I 5 
Bromodichloromethane ppb <I <I <I <I <I <I 5 
Bromoform ppb <.I <I <I <I <I <I 5 
Bromom~thane ppb <10 <10 <10 <10 <10 <10 5 
2-Butanone {MEK) ppb <100 <100 <100 <100 <100 <100 5 
Carbon disulfide ppb <I <I <I <I <I <I 5 
Carbon tetrachloride ppb <I <I <I <I <I <I 5 
Chlorobenzene ppb <I <I <I <I <I <I 5 
Chloroethane ppb <10 <10 <10 <10 <10 <10 5 
2·Chlorot:thyl vin.vl ether ppb <5 <5 <5 <5 <5 <5 5 
Chloroform ppb <I <I <I <I <I <I 5 
Chloromethane ppb <10 <10 <10 <10 <10 <10 5 
Dibromochloromethane ppb <I <I <I <I <I <I 5 
Dibromomethane ppb <I <I <I <I <I <I 5 
I ,2-Dichlorobenzcne ppb <I <I <I <I <I <I 5 
1,3-Dichlorobenzene ppb <I <I <I <I <I <I 5 
1,4·Dichlorobenzene ppb <I <I <I <I <I <I 5 
cis·I,4·Dichloro<2·butene ppb <2 <2 <2 <2 <2 <2 5 
U;.ms-1 .4·Dichloro·2·buteue ppb <5 <5 <5 <5 <5 <5 5 
DichlorudiJ1uoromethane ppb <I <I <I <I <I <I 5 
I, 1-Dichloroethane ppb <I <I <I <i <i <l s 
1,2-Dich!oroethane ppb <I <I <I <I <I <I 5 
\,I·Dichloroethene ppb <I <I <I <I <I <I 5 
trans- I ,2·Dich!oroethene ppb <I <I <I <I <I <I 5 
1 ,2·Dichloropropane ppb <I <I <I <I <I <I 5 
cis-! ,3·Dichloropropene ppb <r <I <I <I <I <I 5 
trans-\ ,3-Dich\oropropene ppb <I <I <I <I <I <I 5 
Ethanol ppb <100 <100 <100 <100 <100 <100 5 
J:thylbcnzcnc ppb <I <I <I <I <"I <I 5 
J:tlt\'!<:nc diblumidc ppb <I . I ~I ·I ·I <I s 

I 

' '" '1·11 ' 
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Summary of Syncrude NST Release Chemistry From 1995 NST Field Trials 

NST RELEASE WATER COMPOSITION OF POREWATERS IN THE NST DEPOSITED IN THE NST CELL 

pH 
Conductivity 

Bicarbonate 
Calcium 
Chloride 
Magnesium 
Potassium 
'Sodium 
Sulphate 

... 
.... 

Aluminum 
Boron 
Iron 
Manganese 
Molybdenum 
Nickel 
Silicon 
Titanium 
!Vanadium 
. . . .. . .. . 

IC50 
IC20 
Toxic Units 

Water released from the NST mix 
deposited in the MFT cell 

MIN 
Standard 

MAX I MEAN IDeviationl N 

Grab sample taken during operations 
(Surface Water) 

Standard 
MIN I MAX I MEAN I Deviation N 

... ·- .... 
· · · -:: <::_::>:: ::::<:>::::> ._._._:::¢~~v~:~tl~ti~O~~'~,p:~~~~$::<: 

8 I 8.6 8.3 0.2 I 39 I 8.34 I 8.54 I 8 I 4 I 
11S/cml 3970 I 5180 4603 264 I 39 I 4270 I 4590 I 4370 I 148 4 I 

:::::::::::::::: :_: :.:.:.· · :::::: :::: Major:l<:in$:<::<:<::::::::::: -:···· . 
(mg/L) 671 1133 859 84 39 554 834 759 I 170 4 
(mg/L) 36.2 78.6 56 8 39 52.9 76.6 63 I 10 4 
(mg/L) 471 624 535 29 39 I 484 I 509 I 499 I 12 4 
(mg/L) 16.6 26.2 20 2.1 39 I 18.2 I 25.4 I 20 I 3 4 
(mg/L) 19.7 31.7 26 2.5 39 I 22.2 I 30.9 I 25 I 4 4 
(mg/L) 998 1230 1118 58 39 I 945 I 1050 I 981 I 48 4 
(mg/L) 1043 1322 1182 63 39 I 1043 I 1172 I 1099 I 58 4 ...... ·········· .. ······ .......... ,.M ... , .. . 

... :.:-:_:::::::_ ...... :.:::::::.: ... :.:_:_:.:::::::<::.-.-: ··:·:·:·:· ::-:::<:d)ta.::: .. :t:!~.s-:: 
(mg/L) <0.01 0.12 <0.01 39 I <0.01 I 0.357 I <0.01 4 
(mg/L) 2.91 4.24 3.5 0.3 39 I 3.16 I 4.18 I 4 4 
(mg/L) <0.01 39 I <0.01 I 0.042 I <0.01 4 
(mg/L) <0.01 0.32 0.1 0.1 39 
(mg/L) <0.01 0.38 0.2 0.1 39 
(mg/L) <0.01 0.31 0.1 0.1 39 
(mg/L) 2 4.2 2.5 0.03 39 I 1.9( I 2.94 2 0 4 
(mg/L) <0.01 0.24 0.1 0.1 39 
(mg/L) <0.01 0.25 0.1 0.1 39 

...... · · · · :: G~Mt~i:o~gan:lc:~r~n~t:::r:Q)(J~itY.:::::::7~: 
% I 54 100 81 15 39 1 oo I 1 oo I 1 00 I I 4 
% I 10 19 13 2 39 18 I 23 I 21 I 2 I 4 

1.9 1.2 39 
Naphthenic Acid I (mg/L)I 68 99 82 7 17 75 

Data summarized from Syncrude Canada ltd. (1995). 

r:\ 1197\220516045\REVISED.XLS\SYN-FIELD-WQL 

Grab sample of upper substrate 
after active discharge had ceased 

(Porewater) 

Profiles of Porewater 
quality one month after 

active discharge 

MIN MAX MEAN N MIN I MAX I MEAN I N 
. . . . . . . . . . 

.. . . . ..... 

8.33 8.38 8 3 I 8.25 I 8.61 I 8 I 8 
4560 4780 4640 3 I 3850 I 6060 I 4553 I 8 

·.·.·.·.·.·.·.·.::::::-· ":":':':·:::: -:-:-: 
535 746 625 3 I 500 I 1162 I 689 I 7 
62.4 73.4 67 3 I 32.1 I 109 I 61 I 8 
509 535 519 3 I 485 I 719 I 584 I 8 
21.7 23.3 22 3 I 11.5 I 30.1 I 19 I 8 
26.1 28.9 27 3 1 15.7 I 26.1 I 20 I 8 
1010 1110 1057 3 I 914 I 1330 I 1 039 I 8 
1285 1312 1295 3 I 406 I 2076 I 943 I 8 

-:-:-:-:-· ... ·-:-:-:.:.:-· 
. . . . . . . . . . . . . 

0.389 0.697 0.5 3 I 0.237 I 11.8 3 8 
3.72 4.01 4 3 I 2.85 I 3.74 3 8 

0.052 0.113 0.074 3 I 0.192 I 2.46 8 

2.61 3.06 3 3 I 5 I 24 10 8 

. . 

82 100 91 2 73 100 94 I 8 
15 20 18 2 13 26 20 I 8 

94 
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Summary of Suncor CT Release Water Chemistry From Commercial Scale Trials 

Fresh CT Frc~h CT Frc.~h CT Fresh cr Fre~h CT Fresh CT 
Pnnd 5 10 Pond 5 Ill Pond 5 10 Pond 5 10 Pond 5 10 Pond 5 tO PondS 10 PondS Ill I Pond 5 to 

mil POND mix POND mix POND mil POND mh POND mix POND Pond 5 to ft.'CI Pond5 JOfeet Pond 5 IU ft.-et Pond 5 Ill fet:t 
ft.'Cl ft.'CI fi.'Cl feet fe<t feet feet feet 

SAMPLE ID Cfflltl8·1 CTI219 s s s s s s PONDS POND 5 POND5 PONDS PONDS POND5 PONDS PONDS PONDS PONDS PONDS 
feet 

DATE J~m~% Jan~96 Jan-96 Jan-% M:tr-96 Jul-96 Jul-96 Sc(>-96 Au~-9!\ Dcc-95 Jun-% Scp-96 ~hr-97 Mar-97 M:a~·-97 Jul-97 Scp-97 Sc(>-97 Oct-97 Jan-% J21n-% Ma,·-96 Ma\·-96 Jul-96 Jul-96 Jul-96 Jul-9fi t\ug-96 t\ug-96 Sci':"_% Scp-96 Se l-96 

Connntional Pt~ramctcn 

Biochemical Ox' en Dcmnnd msiL 
Conductance ~S/cm 2370 251Ul 2220 2KIO 1~08 2306 23M 2W 2281 2338 2381 2375 -
Hardnc"s ms/L 4UI 362 311 434 323 326 .(18 323 356 411 391 
H units 7.83 7.91 7.7 8.2 7.9 8.5 8.K 8.1 8.3 8.19 8.07 8.03 lUll 8.1 7.97 K.I'J 8.14 7.8 8.1 

PP Alkalinit' ffli!tL Ill lUll 0.1 Ill n.J U.l ll.l 0.1 
tal Alkalinit' miL 622 ~;o 438 521 485 5117 ~:.w -151 -16-t 520 518 
tal Oissohcd Solids miL 1700 17HO 1610 1575 1~59 1503 1626 l-168 163M 1548 1509 
tal Suspended Solids msJL 6 
~tjor Ions 

caroonntc (HCOJ) mgJL 758 670 708 750 1046 685 750 77~ 535 635 591 618 657 550 566 634 631 639 651 
ium m• 41 28 53 23 8 41 74.6 157 62 60 72 71 71 lo6 52 56 59 64 62 70 M 

rbonatc tC03) mg/L 0.5 0.5 0 " 0 14 28 0 <5 0.5 0.5 0.5 05 05 0.5 0.5 0.5 <DL <DL 
hloridc ms/L 44.-1 57.4 52 42 58 9~ 46 45 57.8 58 55.8 56 5-1.1 63.-1 58 57.2 56.2 56 57 50 50 54 56 56 58 

Fluoride 5.84 5.16 3.3 2.96 
Hydroxide ms/L 0.5 0.5 U.5 05 {}.j 0.5 0.5 0.5 
Mo ncsium ml!ll 17 17 17 II 6 17 30.4 25 26 27 27 26 25 22 23 24 23 25 26 23 

Potassium ffi11,11. 17 18 23 20 15 21 18.5 26 26 24 23 16 26 25 26 23 

Sodium mg/L -102 390 514 504 354 ~67 471 510 374 374 5111 497 41>4 443 383 418 -!55 442 459 486 443 

Sulphate m 1l. 658 745 360 292 429 500 l..$0 519 772 980 615 555 59-I Ot~5 592 (19-1 600 5711 791 685 683 766 701 707 804 

Nulricnls 

Nitratc+Nitritc m<VL 0.043 0.030 <0.05 0.07 0.84 0.036 0.013 0.15 0.025 0.05 0.05 
Nitro •en ·Ammonia msJL 8.20 

5.Toml 
msJL 0.015 

s.Total Dissol\"cd m•IL <0.1 <fl. I 0.004 0.1 0.1 
r~unit.!l Mnd Toxicih" 

Or~,tanic Carbon m /L 48 
!IMicrotox IC50 ti. 15 min ~-;, lOll 
fiNaphthcnic acids mg/L 78 83 50 
fiT otal Rcco,·croblc Hydrocarbons mg/L 0.9 

Notes 
Mean and s141ndard dc,·iations were calculated based on detectable results 

Golder Associates Ltd. 
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Summary of Suncor CT Release Water Chemistry From Commercial Scale Trials 

Pond 5 Pond 5 Pond 5 PondS Pond 5 PondS Pond 5 Pond 5 PondS Pond 5 Pond 5 PondS PondS Pont15 PondS Pond 5 Pond 5 Pond 5 Po1HI5 Pond Sl..-aler Pond 5 water Pond 5 water Pond 5 water 
'"·crage of ,·atcr (Jul- Pond 5 Pond 5 water surface surface 

PontiS water Pond 5 natcr Pond 5 water PontiS walcr Pond 5 'utcr Pond 5 water Pond 5 ". atcr 
surface ~urface 

Pond 5 ,·atcr water water water natcr water ,·atcr vl'atcr water water nater water water walcr water n·atcr water water 
SAMPLE ID depths Sept.) water 10' ~urfacc surb.cc ~urface J~urfacc ~urfacc surface !lurfacc surf lite surface .'IUrface surface surface surface surface !lurfacc liUrfacc ~urface surface .mrface surface surface surface surface surface surface surface 
DATE Jul~96 Aug~96 Mar-% No,·-9.5 Jan-96 Jan~96 J:m-96 1\f:tr-96 Mar-96 Mar-% Mar-% Mar~% Apr-96 Ma\··96 Mn~% May-96 May~% May-96 May-96 Ma~·-96 Mll~·-96 May-96 Ma\'~96 May-96 M:~,·-96 Jun~96 Jun-96 Jun-96 Jun-96 Jun-96 Jun-96 Jun-96 Jun-96 
Coanntional Parameter~ 

Biochemical OXY!o!CR Demand m •IL 
Conductance ~S/cm . 
Houdness mg/L 
H units 7.94 7.H 7.7 H.S 7.9 7.1 7.7 7.7 7.6 H 7.6 7.8 7.9 7.8 6.H 6.9 7.3 7.5 7.5 7.4 7.5 7.6 7.9 7.8 7.8 7.7 7.7 7.7 7.3 7.6 

PP Alkalinit\· m<IL 
Total Alkalinit\ m •IL 
Total Dissoh·cd Solids mg/L 
Total Suspended Solids mg/L 

M;~jor Inn,; 

BK:arbonate HC03) m<IL 600 640 838 436 635 509 H38 H74 727 74!i 813 H20 835 715 692 751 685 761 722 740 747 747 691 721 731 692 716 792 610 619 
Calcium mg/L 71.5 61 118 45 47 51 143 118 I 19 92 97 Ill 116 69 73 119 94 llO 119 113 107 lOS 106 105 101 Ill 101 100 79 87 104 97 69 
Catbonalc (COJ) miL <DL <DL 0 3 <DL 0 0 0 0 0 0 () 0 0 0 0 0 0 () 0 0 0 0 0 0 0 0 0 0 0 
Chloride miL 68.1 57 81 120 57 43 163 81 83 58 46 6l 61 50 51 83 56 83 57 56 56 l7 56 55 56 H) 55 55 75 75 78 69 
Fluoride 
H'-droxidc miL 
Magnesium miL 14.5 14 15 46 ll 23 29 15 ll ll ll 15 ll 26 17 l6 19 16 16 15 ll 26 25 25 25 26 28 18 ll ll 25 24 23 
Potassium msfL ll.75 24 27 19 24 27 28 17 17 14 16 ll 26 18 32 30 30 19 l9 28 28 27 27 lK 32 32 29 27 27 25 22 
Sodium mg/L 430 438 453 510 375 356 463 453 435 437 452 463 434 489 498 442 492 461 433 415 435 430 430 431 437 4H 481 483 437 422 431 432 438 
Sulphate mg!L 690.6 737 776 818 799 597 704 776 792 779 608 666 753 693 713 8tl2 762 795 782 771 767 787 768 751 765 779 753 757 842 869 91)3 746 
Nt~trients 

Nitrate +Nitrite m •IL 
Nitrogen -Ammonia mg!L 
Phosphorus. Total mg/L 

IPhosphorus.Total DissoiYcd mg!L 
General OrJ?:•nics and Toxicin· 

Dis.soh·ed Or anic Carbon miL 
Mictotox IC50 10· 15 min % 
Naphlhcnic acids miL 
To&al RccoYcrablc Hvdrocarbons mg/L 

R IREVISEOXl~RCIAl·'MJ (1) Golder Associates Ltd. 
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Summary of Suncor CT Release Water Chemistry From Commercial Scale Trials 

Pontl5 Pond 5 Pond~ Pond 5 
Pond 5w~ttcr Pond 5 water Pond 5 water Pond 5 water Pond 5 w;~tcr Pond 5 water 

Pond:; Pond5 PondS Pond 5 Pond 5 PondS PondS Pond 5 Pond 5 
water .

1 

Pond5>~KI<r Ponti 5 water Pond 5 water 
Pond 5 water I 

Pond5--l I "·ater ''uter l\·atcr 
~urfacc !!Urfacc surface surface Pond 5 water 

surf<'cc surface 
Pond 5 water Pond 5 water 

surf~~:cc surface llurfacc 
water water \niter water water "'ater water "~tter water 

SAMPLE 10 surface surfliCC ~urfacc surface surface !IUrfacc ~urface surface liUrface liUrfatcc surface surface !!Urface ~urfacc !lurfacc surface !lurfacc Pond 5-2 POND5W POND5W PONDSW PONDSW 
DATE Jun-96 Jun-96 Jul-96 Jul-96 Jul-96 Jul-96 Jul-96 Jul-96 Au~-96 Aug-96 Au -96 Sep-96 Sell-% !'~96 $c)-.1}6 Sc .,_96 Oct-96 Oct-96 Oc1~% Oct~96 Oct~96 Oct~96 No,·~% Dcc-96 May-97 17-5-96 Aue-96 Au~-96 Jun-96 Ft:b-97 Mar-97 Mar~97 

Conn!ntional Parameter.~~ 

Biochemical Ox,·l!cn Demond mg/L 2.1 6.1 
Conducto.nce S/cm ZZ96 ZZ81l 2303 2300 2l0l 2l01 
Hardness mg!L 334 JZ6 337 320 442 448 

H units 7.8 7.8 7.9 1.7 8 7.4 7.8 7.8 7.4 7.4 8.1 74 7.6 7.5 8.18 8.18 8.06 7.94 7.6 7.67 

~-.. 
miL 0.1 0.1 0,1 0.1 
myL 487 488 47l 456 l34 539 

,·ed Solids m•L 1579 1498 ll7Z ll38 1610 1623 
nded Solids mg/L <0.4 48 

(HC03) m•!L 734 744 633 625 670 759 730 731 (,Jl 662 lH 696 752 697 l94 595 579 ll6 651 657 
Calcium mg/[ 70 82 106 110 l9 l9 48 52 83 64 66 118 120 63 69 67 IOJ 104 (oj) 60 62 61 102 114 Ill 118 85 
Carbonate (COJ) mg/L I) 0 <DL 0 0 0 0 0 () 0 0 () 0 0 O.l 0.5 0.5 0.5 0.5 0.5 
Chloride m•!L 58 68 ll 56 51 Z7 55 53 85 61 l7 l7 l6 69 (,9 69 69 66 60 56 83 52 44 56.4 ll.7 56.8 l6 
Fluoride 4.2 3.4 
H\'droxide moiL 0.5 O.l O.l O.l 
Mo nesium mg!L H H 28 29 26 25 zz Z3 31 H 24 26 26 2l 2l 2l Z7 28 zz zz 24 Z3 30 2l 2l 26 28.1 27.5 
Poto.ssium mg/[ 23 24 3Z 3Z Z4 Z3 2l Z7 26 28 29 26 26 24 32 32 21 22 22 22 2l 26 29 29 19.6 18.2 

I 
mg/L 43!1 435 505 498 467 430 41)4 404 46l 44l 445 436 442 456 484 441 489 49l 40l 416 434 410 492 442 447 464 441 422 
mg/L l77 749 759 760 715 689 694 668 821 753 797 768 763 744 743 743 Nl 83l 713 767 802 6l4 604 659 664 674 680 

itrite mg!L 0.016 0.016 0.02 0.023 0,089 0.026 
Ammonia mg!L 6.31 6.42 
. Total mg/L I 0.008 0.020 
.Total Dissol\'ed mg/L 0.1 0.3 
r~linin and Toxicit~· 

Dissol\'cd Or anic Carbon mg!L 48.5 51.1 
Microtox IC50 'if 15 min % 

NaDhthenic acids 111.~/L 

Toto.! Reco\'crable HYdrocarbons mg!L <I <I 

Golder Associates Ltd. 
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Summary of Suncor CT Release Water Chemistry From Commercial Scale Trials 

SAMPLE ID POND5W POND5W POND5W POND5W POND5W POND 5W POND5W POND5W POND5W POND5W POND5W POND5W PONDS\V PONDS\V POND5W Pond 5W2 MIN MAX MEAN STD.DEV N 
DATE Apr-97 Apr-97 May~97 Ma\··97 Jun-97 Jun-97 Jul-97 Jul-97 Jul-97 Jul-97 Au1"'97 Aujl-97 Sci>·-97 Sc(l-97 No,·-97 Oct-97 
Con,·cntion~tl Parametcn 

Biochemical Oxygen Demand mg!L 2.1 6.1 4.1 2 
Conductllncc ~S/cm 244& 2354 2394 242& 2314 2270 2390 2342 2305 2330 2424 2296 1380 229K 2322 2315 1360 2610 2346 203.46 34 
Hardness miL 420 369 41R 42& 296 351 386 337 305 310 316 297 228 335 365 416 226 448 360.9 53.5 33 

H units 7.73 7.87 7.62 7.9 lUl2 1.9-l 8.0-J 7.99 8.02 ll.O~ &.O'J 8.118 7.93 8.13 8.07 7.9 6.60 6.60 7.62 0.32 64 
PP AJJ.;alinitv m•IL 0.1 0.1 ILl 0.1 0.1 ll.l 0.1 CJ.I 0.1 0.1 tU 0.1 0.1 0.1 0.1 0.1 0.01 0.10 0.10 0.02 26 
Total Alk.o.linitY miL 516 j(J) 555 539 472 49-' 531 482 469 467 4&2 479 314 481 503 524 314 622 499.0 49.1 32 
Total Dissolved Solids miL 1530 1550 1577 1607 1525 Ill& 1603 Ill& 1402 1476 1571 1515 856 1604 1537 162& 656 1760 1541.3 144.5 32 
Total Suspended Solids mg!L <0.4 46.00 1 

Ma'or lon!t 
Bicarbonate (HCOJ) moll 629 613 677 657 575 602 647 588 572 569 588 5K4 383 586 613 639 363.00 1048 673 97.7 64 

alcium mg!L 6.00 157 62.4 29.4 60 

arbonatc (C03) mg!L 0.5 0.5 0.5 0.5 Oj 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 O.l 0.5 0.5 <DL 26 0.78 3.5 63 

Chloride mg/L 54.3 56.4 53 51.& 61.K 55.& 59.3 59.8 58 56.9 57 53.2 31.6 57.8 56.6 53.4 27.00 163 60.6 16.29 99 
Fluoride 3.6R 3.52 3.5 3.08 3.52 4.3 3.8 4.1 3 . .4 3.9 2.84 42 2.64 5.64 3.64 0.77 17 
H,·droxidc mg/L 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 n.s 0.5 05 0.5 0.5 05 0.50 0.50 0.50 0 28 

Ma~nesium moll 6 46 24.7 4.40 60 

Potassium ms!L 15 32 25.6 3.76 72 
Sodium mg!L 354 514 445.6 36.11 61 
Sulphate mg!L 617 65K 636 67~ 6H 650 67R 644 535 62K 656 633 322 694 628 654 140 960 691.1 123.26 99 

Nutrienh 
Nitrate+Nitrite m 0.003 0.01)3 0.015 0.007 0.037 0.01 0.003 0.1129 0.031 0.032 0.047 0.01 0.107 0.022 0.012 0.015 0.003 0.64 0.06 0.15 32 

Nitn?s.~n ·Ammonia m 6.31 8.20 6.37 3 

Phosphorus. Total m 0.01 0.02 0.01 3 
Phosphorus.Total Dissoh·ed m 0.1 0.1 0.1 fll II. I 0.1 0.1 n.l n.J 0.1 0.1 0.1 0.00 0.30 0.12 0.06 19 

General On~anics and Toxicih· 
Dissolved Or§tanic Carbon miL 46.50 51.70 50.10 3 

Microtox IC50 ·d: 15 min % 100 3 

Nnphthcnic acids mg!L 50 63 67 3 
Tot.1l Recoverable H\"drocnrbons mg!L 0.9 <1 1 3 

R '.REVISfO XlSIC(;:IMME"RCIAl·V.O (2) 
Golder Associates Ltd. 
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Summary of Suncor CT Release Water Chemistry From Commercial Scale Trials 
SAMPLE ID CTOI08-I CTI219 PO!\DS PONDS PONDS PONDS PONDS PONDS PONDS POi\'DS PONDS Pond 5-1 Pond 5-2 PONDSW PONDSW PONDSW PONDSW POND 5\V PONDSW PONDSW POND5W 

DATE Jan-96 Jan-96 r\ug-95 Sep-96 Mar-97 Mar-97 May-97 Jul-97 Sep-97 Sep-97 Oct-97 r\ug-96 r\ug-96 Jun-96 Feb-97 Mar-97 i\lar-97 Apr-97 Apr-97 May-97 May-97 
Total "'letals 

Aluminum (AI) mg/L 0.02 0.420 0.08 0.53 
Arsenic (As) mg/L 0.0046 0.0060 0.007 0.059 
Barium (Ba) mg/L 0.06 0.121 0.16 0.16 
Beryllium (Be) mg/L 0.003 <0.001 0.006 0.006 
Boron (B) mg/L 3.19 2.63 3.62 3.39 
Cadmium (Cd) mg/L 0.0066 0.0016 <0.003 <0.003 
Chromium (Cr) mg/L <0 002 0.0007 0.023 0.021 
Cobalt (Co) mg/L 0.0045 0.0020 <0.003 <0.003 
Copper (Cu) mg/L 0.003 0.0035 
Iron (Fe) mg/L <0.01 0.19 0.06 1.17 
Lead (Pb) mg/L <0.0003 0.0108 <0.02 <0.02 
Lithium (Li) mg/L 0.201 0.185 0.19 0.175 
Manganese (Mn) mg/L 0.024 0.0260 0.065 0.116 
Mercury (Hg) mg/L <0.05 <0.0001 <0.05 <0.05 -
Molybdenum (Mo) mg/L 1.14 0.739 1.08 0.99 
Nickel (Ni) mg/L 0.0295 0.0108 0.022 <0.005 
Strontium (Sr) mg/L 1.07 1.59 1.49 
Vanadium (V) mg/L 0.0269 0.005 0.007 
Zinc (Zn) mg/L 0.018 0.021 0.024 

Dissolved Metals 

~~num(AI) mg/L 0.09 0.0397 0.06 0.01 0.01 0.04 0.01 0.01 
ic (As) mg/L 0.0038 0.0057 

Barium (Ba) mg/L 0.07 0.118 0.14 0.13 0.12 0.16 0.13 0.13 
Beryllium (Be) mg/L <0.001 <0.0005 0.001 0.001 0.12 0.001 0.001 0.001 
Boron (B) mg/L 2.63 2.57 2.84 2.66 2.78 2.79 2.58 2.57 
Cadmium (Cd) mg/L <0.003 0.0015 0.001 0.008 0.0245 0.0256 0.0044 0.0051 
Calcium (Ca) mg/L 109 98.7 125 83 84.1 124 83.6 90.5 117 110 87.2 86.9 83.3 126 128 120 101 119 122 
Chromium (Cr) mg/L 0.010 <0.0004 0.014 0.002 0.002 0.007 0.002 0.002 
Cobalt (Co) mg/L <0.003 0.0013 0.0024 0.0038 0.0087 0.0007 0.0026 0.0029 
Copper (Cu) mg/L 0.002 0.0070 0.007 0.001 0.001 0.005 0.001 0.001 
Iron (Fe) mg/L <0.01 <0.01 0.01 0.01 0.01 0.01 0.02 0.06 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Lead (Pb) mg/L <0.02 0.00065 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 
Lithium (Li) mg/L 0.229 0.196 0.19 0.207 0.201 0.178 0.178 
Magnesium (Mg) mg/L 31.2 28 29.6 28 28.1 31.1 27.8 31.6 28.8 28.3 28.1 29.1 27.1 30.8 31.1 29.2 28.4 29.2 29.9 
Manganese (Mn) mg/L 0.052 0.0061 0.094 0.003 0.049 0.109 0.001 0.001 0.09 0.056 0.001 0.005 0.025 0.109 0.114 0.042 0.111 0.114 
Mercury (Hg) mg/L <0.05 <0.0002 
Molybdenum (Mo) mg/L 0.893 0.955 0.837 0.819 0.847 0.895 0.768 0.782 
Nickel (Ni) mg/L 0.017 0.0101 0.029 0.0478 0.128 0.0792 0.032 0.0345 
Potassium (K) mg/L 20.2 213 17.2 17.4 16.5 16.2 16.3 17.7 16.8 16.8 19.6 16.7 16.3 15.2 15.4 15.1 14.7 14.9 15.1 
Selenium (Se) mg/L 0.0043 <0.0002 0.0034 
Silicon (Si) mg/L 2.87 2.61 3.49 3.28 3.49 3.48 3.26 3.08 
Silver (A g) mg/L 0.003 <0.0002 <0.0002 0.0008 0.0001 0.0001 0.0001 0.0001 0.0001 
Sodium (Na) mg/L 459 490 414 420 415 407 409 463 411 412 441 434 414 381 384 380 385 387 386 
Strontium (Sr) mg/L 1.74 1.57 1.06 1.22 1.36 1.21 1.25 1.27 1.3 
Sulphur (S) mg/L 242 266 228 249 230 215 235 242 
Titanium (Ti) mg/L <0.003 <0.003 0.0007 0.003 0.003 0.003 0.007 0.003 0.003 
Uranium (U) mg/L <0.5 0.0068 0.00465 0.0024 0.0064 0.0126 0.0048 0.0056 0.0061 
Vanadium (V) mg/L 0.028 0.052 0.0247 0.009 0.025 0.023 0.032 0.002 0.002 
Zinc (Zn) mg/L 0.002 0.004 0.028 0.011 0.001 0.001 0.146 0.001 0.001 

Notes. 
Mean and standard deviations were calculated based on detectable results 

R:\REVISED XLS\COMMERCIAL-WQ (2) Golder Associates Ltd. 
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Summary of Suncor CT Release Water Chemistry From Commercial Scale Trials 

SAMPLE 10 PONDSW PONDSW POND SW PONDS\\' PO:\D 5\\' POND 5\\' PONDSW PONDSW PONDSW I'ONDSW PONDSW Pond SW2 MIN MAX MEAN STD.DEV N 
DATE Jun-97 Jun-97 Jul-97 Jul-97 Jul-97 Jul-97 Aug-97 Aug-97 Sep-97 Sep-97 Nov-97 Oct-97 

Total i\letals 

Aluminum (AI) mg/L 0.02 0.53 0.21 0.28 4 
Arsenic (As) mg/L 0.00 0.60 0.02 0.03 4 
Barium (Ba) mg/L 0.06 0.16 0.13 0.06 4 
Beryllium (Be) mg/L <0.001 0.01 0.01 0.002 4 
Boron (B) mg/L 2.63 3.62 3.40 0.22 4 
Cadmium (Cd) mg/L 0.0016 0.0066 0.007 4 
Chromium (Cr) mg/L 0.001 0.02 0.02 0.01 4 
Cobalt (Co) mg/L <0.003 0.005 0.0045 4 

Copper (Cu) mg/L 0.00 0.004 2 

Iron (Fe) mg/L <0.01 1.17 0.41 0.66 4 

Lead (Pb) mg/L <0.0003 <0.02 4 

Lithium (Li) mg/L 0.18 0.20 0.19 0.01 3 

Manganese (Mn) mg/L 0.02 0.12 0.07 0.05 4 

Mercury (Hg) mg/L <0.0001 <0.05 4-
Molybdenum (Mo) mg/L 0.99 1.14 1.07 0.07 4 

Nickel (Ni) mg/L <0.005 0.03 0.03 4 

Strontium (Sr) mg/L 1.07 1.59 1.54 3 

Vanadium (V) mg/L 0.01 0.03 0.00 3 
Zinc (Zn) mg/L 0.02 0.02 0.02 3 

Dissolved Metals 

Aluminum (AI) mg/L 0.05 0.01 0.02 0.06 0.01 0.6 0.04 0.02 0.02 0.03 0.01 0.60 0.06 0.14 18 

Arsenic (As) mg/L 0.00 0.006 2 

Barium (Ba) mg/L 0.14 0.12 0.14 0.13 0.12 14 0.13 0.22 0.12 0.17 0.07 14.00 0.95 3.36 18 

Beryllium (Be) mg/L 0.001 0.001 0.002 0.002 0.003 0.001 0.002 0.001 0.001 0.001 <0.0005 0.12 0.01 0.03 18 

Boron (B) mg/L 2.85. 2.7 2.83 2.73 2.73 2.88 2.76 2.88 2.71 2.95 2.57 2.95 2.76 0.11 18 

Cadmium (Cd) mg/L 0.0002 0.0002 0.0065 0.0409 0.0639 0.0002 0.002 0.0064 0.0073 0.0039 <0.003 0.06 0.01 0.02 18 

Calcium (Ca) mg/L 71.3 93.7 107 86.7 76.5 78.9 78.2 74.5 63 85.8 97.6 115 63.00 128.00 97.63 18.92 31 

Chromium (Cr) mg/L 0.003 0.002 0.002 0.006 0.002 0.014 0.013 0.002 0.002 0.002 <0.0004 0.01 0.01 0.005 18 

Cobalt (Co) mg/L 0.0145 0.0035 0.0024 0.0054 0.0048 0.0222 0.0003 0.0019 0.0021 0.0018 0.0003 0.02 0.005 0.01 18 

Copper (Cu) mg/L 0.003 0.003 0.007 0.004 0.001 0.001 0.004 0.002 0.002 0.004 0.001 0.01 0.003 0.00 18 

Iron (Fe) mg/L 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.03 0.01 0.01 0.01 0.58 0.01 0.58 0.03 0.11 30 

Lead (Pb) mg/L 0.0003 0.0003 0.0003 0.0006 0.0003 0.0003 0.0003 0.0003 0.0016 0.0003 0.0003 <0.02 0.002 0.005 18 

Lithium (Li) mg/L 0.208 0.198 0.204 0.184 0.177 0.204 0205 0.201 0.183 0.204 0.18 0.23 0.20 0.01 17 

Magnesium (Mg) mg/L 28.5 28.3 28.8 29.1 27.6 27.4 29.2 26.8 17.1 29.3 29.3 31.2 17.10 31.60 28.65 2.50 31 

Manganese (Mn) mg/L 0.014 0.017 0.099 0.017 0.005 0.013 0.026 0.023 0.096 0.001 0.005 0.014 0.001 0.11 0.05 0.04 30 

Mercury (Hg) mg/L <0.0002 <0.05 2 

Molybdenum (Mo) mg/L 0.866 0.837 0.876 0.833 0.837 0.871 0.842 0.904 0.881 0.92 0.77 0.92 0.85 0.04 18 

Nickel (Ni) mg/L 0.012 0.0445 0.0364 0.104 0.0956 0.022 0.0005 0.0096 0.0356 0.0306 0.001 0.13 0.04 0.04 18 

Potassium (K) mg/L 17.1 15.9 14.8 17 15.6 15.4 17.3 16.4 8.66 17.4 15.4 17.3 8.66 21.30 16.38 2.10 31 

Selenium (Se) mg/L <0.0002 0.004 0.002 0.003 3 

Silicon (Si) mg/L 3.56 3.37 3.52 3.48 3.41 3.54 3.33 4.31 3.31 3.74 2.61 4.31 3.40 0.35 18 

Silver (A g) mg/L 00001 0.0022 0.0001 0.0001 0.0001 0.0006 0.0001 0.0001 0.0001 0.0001 0.0001 0.003 0.0005 0.001 19 

Sodium (Na) mg/L 434 413 391 427 403 385 439 419 222 426 403 438 222.00 490.00 409.42 43.48 31 

Strontium (Sr) mg/L 1.2 1.22 1.21 I 14 1.12 1.26 1.18 1.29 1.27 1.46 1.06 1.46 1.29 0.16 19 

Sulphur (S) mg/L 233 223 242 226 228 234 207 235 236 248 207.00 266.00 234.39 13.29 18 

Titanium (Ti) mg/L 0.01 0.004 0.003 0.003 0.003 0.011 0.013 0.003 0.003 0.004 <0.003 0.01 0.005 0.003 19 

Uranium (U) mg/L 0.0004 0.0071 0.0051 0.0077 0.0004 0.0079 0.0024 0.0067 0.0046 0.0075 0.0004 <0.5 0.03 0.12 19 

Vanadium (V) mg/L 0.017 0.033 0.033 0027 0.024 0.002 0.014 0.029 0.035 0.044 0.002 0.05 0.02 0.01 19 

Zinc (Zn) mg/L 0.002 0.009 0.011 0.017 0.005 0.002 0.008 0.015 0.005 0.043 0.001 0.15 0.02 0.03 19 

R \REVISED XLS\COMMERCIAL-WQ (2) 
Golder Associates Ltd. 
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Summary of Suncor CT Release Water Chemistry From Commercial Scale Trials 

SAMPLE ID I CTI219 POND 5 I POND 5 I Pond 5-1 I Pond 5-2 I MIN MAX I MEAN I STD.DEV N 
OAT~: I Jan-96 Aug-95 I Doc-95 J Aug-96 I Aug-96 I I I 

:Target PAlls and Alkylated PAlls 

!Naphthalene ppb <0.02 <0.2 0.05 <0.02 <0.02 <0.02 <0.2 0.03 0.02 5 
;Methyl naphthalenes ppb 0 08 <0.2 0.06 0.03 0.03 O.Q3 0.08 0.05 0.02 5 
iC2 Subst'd naphthalenes ppb 0.25 <0.4 0.11 0.11 0.10 0.10 <0.4 0.14 0.07 5 
!C3 Subst'd naphthalenes ppb 0.07 <0.4 0.30 0.10 0.10 0.07 <0.4 0.14 0.11 5 
C4 Subst'd naphthalenes ppb 2.0 <0.4 0.56 0.19 0.23 0.19 2.00 0.75 0.85 5 
Acenaphthene ppb <0.02 <0.2 0.16 0.07 0.03 <0.02 <0.2 0.07 0.08 5 
Methyl acenaphthene ppb 0.17 <0.4 0.19 0.11 0.10 0.10 <0.4 0.14 0.04 5 
Acenaphthylene ppb <0.02 <0.2 <0.02 0.02 0.03 <0.02 <0.2 0.02 0.01 5 
Anthracene ppb <0.02 <0.2 <0.02 <0.02 <0.02 <0.02 <0.2 5 
Dibenzo(a,h)anthracene ppb <0.02 <0.2 <0.02 <0.02 <0.02 <0.02 <0.2 5 
Benzo(a)Anthracene/Chrysene ppb 0.27 <0.2 <0.02 <0.02 <0.02 <0.02 0.27 0.15 5 
Methyl benzo(a)anthracene/chrysen ppb 0.50 <0.4 0.06 <0.04 <0.04 <0.4 0.50 0.16 0.23 5 
C2 Subst'd benzo(a)anthracene/chry ppb 0.83 <0.4 0.10 <0.04 0.06 <0.4 0.83 0.26 0.38 5 
Benzo(a)pyrene ppb <0.02 <0.2 <0.02 <0.02 <0.02 <0.02 <0.02 5 
Methyl benzo(b&k) fluoranthene/m ppb 0.30 <0.4 <0.04 <0.02 <0.02 <0.02 <0.4 0.17 0.18 5 
.C2 Subst'd benzo(b& k) fluoranthen ppb 0.18 <0.4 <0.04 <0.04 <0.04 <0.04 0.18 0.08 0.07 5 
!8enzo(b&k)fluoranthene ppb <0.02 <0.2 <0.02 <0.02 <0.2 3 
iBenzo(g,h,i)perylene ppb <0.02 <0.2 <0.02 <0.02 <0.02 <0.02 <0.2 5 
'Biphenyl ppb <0.04 <0.4 <0.04 <0.04 <0.04 <0.04 <0.4 0.04 0.00 5 

Methyl biphenyl ppb <0.04 <0.4 <0.04 0.09 0.11 <0.04 <0.4 0.07 0.04 5 
C2 Substituted biphenyl ppb 0.25 <0.4 <0.04 0.07 0.07 <0.04 <0.4 0.11 0.10 5 

Dibenzothiophene ppb 0.07 <0.2 <0.02 <0.02 <0.02 <0.02 <0.2 0.05 5 

Methyl dibenzothiophene ppb 0.65 <0.4 <0.04 0.05 0.06 <0.04 0.05 0.20 0.30 5 

C2 Substituted dibenzothiophene ppb 2.2 <0.4 0.39 0.17 0.23 0.17 2.20 0.75 0.97 5 

CJ Subst'd dibenzothiophene ppb 4.1 <0.4 0.85 0.20 0.34 <0.2 4.10 1.37 1.84 5 

C4 Subst'd dibenzothiophene ppb 4.4 <0.4 0.58 0.32 0.46 0.32 4.40 1.44 1.98 5 

Fluoranthene ppb <002 <0.2 <0.02 <0.02 <0.02 <0.02 <0.2 5 

Methyl fluoranthene/pyrene ppb 0.65 <0.4 0.09 0.06 0.07 0.06 0.65 0.22 0.29 5 

Fluorene ppb 0.03 <0.2 <0.02 <0.02 <0.02 <0.02 <0.2 0.03 5 

Methyl fluorene ppb 0.30 <0.4 <0.04 0.07 0.07 <0.04 <0.4 0.12 0.12 5 

C2 Substituted fluorene ppb 1.1 <0.4 0.14 0.50 0.54 0.14 1.10 0.57 0.40 5 

I ndeno( c,d· !23)pyrene ppb <0.02 <0.2 <0.02 <0.02 <0.02 <0.02 <0.2 5 

Phenanthrene ppb 0.09 <0.2 <0.02 <0.02 <0.02 <0.02 <0.2 0.06 5 

Methyl phenanthrene/anthracene ppb 0.79 <0.4 <0.04 <0.04 <0.04 <0.04 0.79 0.23 0.38 5 

C2 Subst'd phenanthrenelanthracen ppb 4.5 <0.4 0.23 0.05 0.09 0.05 4.50 1.22 2.19 5 

C3 Subst'd phenanthrene/anthracen ppb 3.6 <0.4 0.44 0.04 0.13 0.04 3.60 1.05 1.71 5 
C4 Subst'd phenanthrene/anthraccn ppb 1.7 <0.4 0.38 0.04 0.11 0.04 1.70 0.56 0.78 5 
1-Methyl-7-isopropyl-phenanthrenc ppb <0.04 <004 <0.04 <0.4 2 
Pyrene ppb <0.02 <0.2 0.04 <002 <0.02 <0.02 <0.2 0.03 5 

Target PANI!s 

quinoline ppb <0.02 <0.2 <0.02 <0.03 <0.05 <0.02 <0.05 0.03 0.01 4 

7-Methyl quinoline ppb <0.02 <0.2 <002 0.16 0.15 <0.02 0.16 0.09 0.08 4 

C2 Subst'd quinoline ppb <0.02 <0.2 <0.02 0.14 0.19 <0.02 0.19 0.09 0.09 4 

C3 Subst'd quinoline ppb <0.02 <0.2 <0.02 0.17 0.30 <0.02 0.30 0.13 0.14 4 

Acridine ppb <0.02 <0.2 <0.02 <003 <0.05 <0.02 <0.05 0.03 0.01 4 

iMcthyl acridine ppb <0.02 <0.2 <0.02 <.0.03 <005 <0.02 <0.05 0.03 0.01 4 

iPhenanthridine ppb <0.02 <0.2 <002 <0.03 <0.05 <0.02 <0.05 0.03 0.01 4 

Carbazole ppb <0.02 <0.2 <0.02 <0.03 <0.05 <0.02 <0.05 0.03 0.01 4 

Methyl carbazole ppb <0.02 <0.2 <0.02 <0.03 <0.05 <0.02 <0.05 0.03 0.01 4 

!C2 Subst'd carbazole ppb <0.02 <0.2 <0.02 <0.03 <:0.05 <0.02 <0.05 0.03 0.01 4 
1Phenolic5 

Phenol ppb 0.2 <2 <002 <0.02 0.20 2 

o-Crcsol ppb <0.5 <2 <0.02 0.02 0.50 2 

m-Cresol ppb <I <2 0.5 1.00 <2 2 

p-Cresol ppb <0.5 <2 <002 0.02 0.50 2 

2,4-Dimethylphenol ppb 0.5 <2 1.0 0.50 1.00 2 

2-Nitrophenol ppb <2 <4 <0.4 0.40 2.00 2 

4-Nitrophenol ppb <20 <40 <4 <4 <20 2 

2,4-Dinitrophenol ppb <20 <40 <4 <4 <20 2 
4,6-Dinitro-2-methyl phenol ppb <20 <40 <4 <4 <20 2 

Volatile organic5 

Acetone ppb <1500 <1500 <1500 2 

Acrolein ppb <ISOO <ISOO <1500 2 

Acrylonitrile ppb <1500 <1500 <1500 2 

Benzene ppb <IS <15 <15 2 

Bromodichloromethane ppb <15 <15 <15 2 
Bromoform ppb <15 <15 <15 2 

Bromomethane ppb <!50 <!50 <150 2 

2-Butanone (MEK) ppb <1500 <1500 <1500 2 

Carbon disulfide ppb <15 <15 <15 2 
Carbon tetrachloride ppb <15 <15 <15 2 

Chlorobenzene ppb <15 <15 <15 2 

Chloroethane ppb <!50 <!50 <150 2 

2-Chloroethyl vinyl ether ppb <75 <75 <75 2 

Chloroform ppb <15 <15 <15 2 
Chloromethane ppb <150 <!50 <150 2 

Dibromochloromethane ppb <IS <IS <15 2 

Dibromomcthane ppb <15 <15 <15 2 

I ,2-Dichlorobenzene ppb <15 <15 <15 2 
1,3-Dichlorobenzene ppb <15 <15 <15 2 

1,4-Dichlorobenzene ppb <15 <15 <15 , 2 
1 

cis-1,4-Dichloro-2-butene ppb <30 <30 <30 2 

i trans-1.4-Dichloro-2-butene ppb <75 <75 <75 2 

Dichiorodifluoromethane ppb <iS <iS <15 2 
1, l-Oichloroethane ppb <15 <15 <15 2 
1,2-Dichloroethane ppb <15 <15 <15 2 

I, I -Dichloroethene ppb <15 <IS <15 2 

trans-1,2-Dichloroethene ppb <15 <15 <15 2 
1,2-Dichloropropane ppb <15 <15 <15 2 

cis-1,3-Dichloropropene ppb <15 <15 <15 2 

trans-1,3-Dichloropropene ppb <15 <15 <15 2 
Ethanol ppb <!500 <1500 <1500 2 

Ethylbenzene ppb <15 <15 <15 2 

Ethylene dibromide ppb <15 <15 <15 2 

Ethyl methacrylate ppb <3000 <3000 <3000 2 
2-Hcxanone ppb <3000 <3000 <3000 2 

Iodomethane ppb <15 <15 <15 2 
4-Methyl-2-pentanone (MIBK) ppb <3000 <3000 <3000 2 
Methylene chloride ppb <15 <15 <15 2 

Styrene ppb <15 <15 <15 2 
Tetrachloroethylene ppb <15 <15 <15 2 
1,1 ,2,2-Tetrachloroethane ppb <75 <75 <75 2 
Toluene ppb <IS <15 <15 2 
I , I, I· Trichloroethane ppb <IS <15 <15 2 
1,1 ,2·Trichloroethane ppb <15 <15 ' <15 2 
I ,2,3-Trichloropropane ppb <30 <30 <30 2 
Trichloroethene ppb <15 <15 <15 2 
Trichlorofluoromethane ppb <IS <IS <15 2 
Vinyl acetate ppb <1500 <1500 <1500 2 
Vinyl chloride ppb <300 <300 <300 2 
m+p xylenes ppb <15 15 15 <15 2 
a-xylene ppb <!5 15 15 <15 2 

-·-

Notes. 
Mean and standard deviations were calculated based on detectable results 
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Table II-E.1 

Summary of CT Porewater Chemistry 

Suncor Bench Scale Trial1 Syncrude Field Scale Trial2 

Suncor (CANMET 1995} 

Grab sample of upper substrate 
after active discharge had ceased 

(Porewater) 

Profiles of porewater qualit~ 
one month after active 

discharge 

Units I MIN I MAX I MEAN I N I MIN I MAX I MEAN I N I MIN I MAX I MEAN I N 
•.•••• ····•:•:•:•••:•:•••:•••••:•••:•:•••:•:•:•:•:•••••:•:•••:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•:•••::~:·:•:•:•<·~···:••tfunventlonat•Parameters••••:•:•••:•:•:•:•:•••:•••:•:•••••••:•:•:•••:•:•••:•:•:•:•:•:•:•:•:•:•:•:•••:•••:•:•:•:•. :•:•••:•:-:•:•:·······:·:·:·: •.:.•.· 

pH I I I I I I 8.33 I 8.38 I 8 I 3 I 8.25 I 8.61 I I 8 8 
Conductivity . . . I ~S/cm I I I I I 4560 _I . 4 780 .. 4640 I 3 .. J . 3850 6~60 I. 4553 I 8 
. ··••::•:•:::::•:::::::•:•: :•:::::::::::•:::•:::::•:•:•:•:::::::::::•:•:•:::•:•:•::::<:•:•:•:::•:•::::<:•:•:•:::::•:•:::::•:•::<:•:•:::::•:l'l/l:ctior:t.cms::•:::::•<:•:::::•:•:::•:::•:::•: :•:::•:•:::::•:•:::::::•:•:::•:::::•:•:::•:•:::•:::•:::: •:•:::::.:.•.::•::.:.:.•:•:•::::::::·.•:•.· · 
Bicarbonate I mg/L I I I I I 535 I 7 46 I 625 I 3 I 500 1162 689 7 
Calcium I mg/L I 130 I 150 I 140 I 2 I 62.4 I 73.4 I 67 I 3 I 32.1 109 61 8 
Chloride I mg/L I I I I I 509 I 535 I 519 I 3 I 485 719 584 8 
Magnesium I mg/L I 28.6 I 33.4 I 31 I 2 I 21.7 I 23.3 I 22 I 3 I 11.5 30.1 19 8 
Potassium I mg/L I I I I I 26.1 I 28.9 I 27 I 3 I 15.7 26.1 20 8 
Sodium I mg/L I 496 I 580 I 538 I 2 I 1010 I 1110 I 1057 I 3 I 914 1330 1039 8 
Sulphate I mg/L I 1192 I 1526 I 1359 I 2 I 1285 I 1312 I 1295 I 3 I 406 2076 943 8 
:•:::•:::•>::•:•:•:•:::•::: <•<•:••:•<:::::>•:•::•:•••:•:•:•:•••••••::::>::::::::::::<::<:::::::::::::::::•:•:•:::::•:•::::<:•::::r:<)tal:Metals<:::::::•:::•:•:::•:::::::::::::::::::::•::::::<:::::::::::••:::•••••:•:•:•:•••:•:•••••::: ·················· · · · · · · · · 
'Aluminum I mg/L I I I I I 0.389 I 0.697 I 0.5 I 3 I 0.237 11.8 3 8 
Boron I mg/L I I I I I 3.72 I 4.01 I 4 I 3 I 2.85 3.74 3 8 
Iron I mg/L I I I I I 0.052 I 0.113 I 0.074 I 3 I 0.192 2.46 8 
Silicon I mg/L I I I I I 2.61 I 3.06 I 3 I 3 I 5 24 10 8 
:•••:•:•:•:•:•:•:•:•:•:•••••:•:•:•:•:•••:•:•••:•:•:•:•:•:•••••:•••:•••••••:•••••:•:•••:•••:•:•:•:•:•:•:•••••••:•••:•:•:•:Generai:Orga•nlc$:and•Toxieity:•:•:•:•:•:•:•:•••:•:•:•:•:•••:•:•:•:•:• 
IC50 I % I I I I I 82 I 100 I 91 I 2 73 100 94 8 
IC20 I % I I I I I 15 I 20 I 18 I 2 13 26 20 8 
Naphthenic Acid I mg/L I I I I I I I 94 I 1 
Note: Meariand standard deviation calculations are basea on detectable results 
1 Suncor bench scale porewater data obtained from April 1995 CANMET Report (WRC 95-26). 
2Data summarized from Syncrude Canada Ltd. 1995. Non-segregating Tailings: 1995 NST Field Demonstration Summary Report. Table 4.6.4, 7.2.4 

r:\ 1997\2205\6045\REVISED.XLS\porewater Golder Associates Ltd. 



APPENDIX Ill 

AVAILABLE TOXICITY DATA 



~~ale Source Sample ID Approx. Approx. 

Sample Age of CT 

I Date 

I SUN COR 

u EVS -Untreated (week 1 0) Aug-94 5 mnts + 10 wks .J 
:t: EVS- Basic (Suncor sediments+ TFM) (week 1 0) Aug-94 5 mnts + 10 wks 

I~ EVS- Basic+P+aeration (week 1 0) Aug-94 5 mnts + 10 wks 

J 
EVS-Inoculated (Basic+P+aeration+bacteria) (week 1 0) Aug-94 5 mnts + 10 wks 

2: EVS-Open (week 1 0) Aug-94 5 mnts + 1 0 wks u 
leo EVS-Recirculated (week 1 0) Aug-94 5 mnts + 10 wks 

Gypsum- 1994 bench-scale tests Sep-94 
EVS-Baseline (week 0) Aug-94 5 months 
EVS-Baseline (week 0) Aug-94 5 months 
SYNCRUDE 

Flume Test Sample May-95 
NST Bench Test Jun-95 
High CaS04-WRC (Nov-95) Jun-95 wks to mnts 

llJ High CaS04-WRC (Oct-95) Jun-95 wks to mnts 
.J Lower CaS04-WRC (Nov-95) Jun-95 wks to mnts ~ 
.) Lower CaS04-WRC (Oct-95) Jun-95 wks to mnts U) 

0 NST swim pool (Oct-95) Jun-95 wks to mnts 
...J 

NST swim pool (Aug-95) Jun-95 u wks to mnts 
i: Lease 86 (CT made June 95) RW160-T0013 Jun-95 wks to mnts 

CT Pit 3 (nutrients) RW162-T0018 Jun-95 wks to mnts 
RW162-T0031 Jul-95 wks to mnts 
RW162-T0033 Aug-95 wks to mnts 
RW162-T0057 Sep-95 wks to mnts 

CT Pit 2 (no nutrients) RW163-TOO 13 Jun-95 wks to mnts 
RW163-T0017 Jul-95 wks to mnts 
RW163-T0030 Aug-95 wks to mnts 
RW163-T0032 Aug-95 wks to mnts 
RW163-T0038 Sep-95 wks to mnts 
RW163-T0056 Sep-95 wks to mnts 
RW163-T0065 Oct-95 wks to mnts 

CT Pit 1 (reservoir) RW164-T0014 Jun-95 wks to mnts 
RW164-TOO 18 Jul-95 wks to mnts 
RW164-T0031 Aug-95 wks to mnts 
RW164-T0033 Aug-95 wks to mnts 
RW164-T0039 Sep-95 wks to mnts 
RW164-T0057 Sep-95 wks to mnts 
RW164-T0067 Oct-95 wks to mnts 

Inflow to constructed wetlands Jun-95 wks to mnts 
Outflow to constructed wetlands Jun-95 wks to mnts 
CT composite of above samples RW159 Jun-95 wks to mnts 
CT Wetland (95)- Trench 1 Jun-95 wks to mnts 
CT Wetland (95)- Trench 9 Jun-95 wks to mnts 
CT Wetland (95)- Trench 5 Jun-95 wks to mnts 
CT Wetland (95)- Trench 8 Jun-95 wks to mnts 
SYNCRUDE 

1995 CT water (fresh) Aug-95 Fresh 
1995 CT water (8 months) Jun-96 8 months 
1995 CT water (11 months) Aug-96 11 months 
1995 CT water (21 months) Aug-97 21 months 
CT Oct. 95 (NSTPD1) Oct-95 composite? 
CT June 96 (NSTPD1) Jun-96 composite? 
CT Aug. 96 (NSTPD1) Jun-96 composite? 
NST release water (from NST mix deposited in MFT cell) 1 Aug-Oct 95 composite? 
Porewater deposited in NST cell (grab sample-surface) 1 Aug-Oct 95 composite? 
Porewater deposited in NST cell (grab -porewater) 1 

Aug-Oct 95 composite? 
Porewater deposited in NST cell (porewater profile) 1 Aug-Oct 95 composite? 

R:\1997\22001972-2205\6000\6045\CTTOX.XLS\acute 

Table 111-A 
Summary of Suncor and Syncrude Acute Toxicity Data 

Page 1 of 4 
Water Quality Parameters 

DO pH Conductivity BODS Naphthenic Sulphate 

(mg/L) (!JS/cm) Acids (mg/L) (mg/L) 

8.2 3230 66 1320 

8.4 3600 76 1040 

8.8 3550 897 

6.3 7.8 2100 76 640 

85 

76 

87 

8.7 8.5 2200 77 700 

7.1 8 2100 94 700 

87 

79 

73 

62 

63 

8.5 2200 69 710 

8.5 8 2100 89 614 

83 

78 

70 

62 

63 

10.7 8.3 2200 68 690 

8.7 8 600 4. 73.3 

6.5 7.4 620 5.2 63.2 

10 8.1 1700 66 564 

6.4 7.8 1860 67 581 

7.5 7.9 1920 71 608 

7 7.8 1580 54 454 

4785 75 1286 

8.3 4603 82 1182 

8 4370 75 1099 

8 4640 94 1295 

8 4553 943 

Golder Associates Ltd. 

Calcium 

(mg/L) 

139 

36 

19 

100 

56 

82 

59 

120 

88 

50.4 

58.2 

72 

61.5 

69.3 

61.5 

102 

56 

63 

67 

61 

Microtox (15 min) Trout Survival (96-hr acute) 

ICSO(%) IC40 (%) IC30 (%) IC20(%) NOEC(%)/ LOEC(%) LC50 (%) LC25(%) LT50(hr) survival(%) 

>96 100 

96 50 

>96 100 

>96 100 

>96 100 

>96 100 

53 0 

4 0 

9 0 

58 13 
72 12 

73 71 

74 

91 71 

73 

71 

82 

72 43 25 15 <10 30 

64 38 23 13 

100 59 29 15 -
89 50 28 16 

100 76 36 17 18 20 

65 38 22 13 <10 0 

59 36 22 13 

95 49 25 13 

100 57 30 15 

100 84 42 21 

100 91 43 20 

81 49 30 18 >100 60 

76 41 22 12 <10 30 

100 77 37 18 

100 52 26 13 

100 57 27 13 

100 66 35 18 

100 95 45 22 

93 47 24 12 <10 0 

>100 >100 >100 100 

>100 >100 >100 100 

25 50 37 31 

100 25 >100 100 

100 15 >100 100 

100 18 55 50 

95 23 >100 100 

100 28 60 

26 100 90 

49 100 100 

55 

28 60 0 

26 100 90 

49 100 100 

81 13 

100 21 
91 18 

94 20 

3/19/98 



-cale Source Sample ID Approx. Approx. 
Sample Age of CT 

I Date 

I 'l.J SUN COR 
.J Pond 5 Aug-96 composite? c( 
.) Pond 5 Aug-96 composite? 

I 
(/) 

_J Pond 5 Aug-96 composite? 
<{ 

3 Pond 5- surface Aug-96 composite? 
t: Pond 5- 3 m depth Aug-96 composite? u 

I 
:2 Pond 5- 5.8 m depth Aug-96 composite? 
:2 Pond 5- Catwalk #3 (porewater) Aug-96 composite? ') 
.) Pond 5- #3 Aug-96 composite? 

Pond 5- Catwalk#1 (surface) Aug-96 composite? 
Pond 5- Catwalk#1 (bottom) Aug-96 composite? 
Pond 5- Catwalk#2 (2 m depth) Aug-96 composite? 
Pond 5- Catwalk#3 (2 m depth) Aug-96 composite? 
Pond 5- Drain #1 Aug-96 composite? 
Pond 5- Drain #2 Aug-96 composite? 
Pond 5- Catwalk #3 (porewater) Aug-96 composite? 
Pond 5- Catwalk #3 Aug-96 composite? 
Pond 5- Catwalk #1 (all depths) Aug-96 composite? 
Pond 5- Catwalk #1 (all depths) Aug-96 composite? 
Pond 5- CT Grab (in Aug. 21) Aug-97 composite? 
Pond 5- CT water Oct-97 composite (fresh) 
Pond 5- CT water (composite) Oct-97 aged 3 wks 
Pond 5- CTwater (composite) Oct-97 aged 6 wks 

'Data summanzed from Syncrude Canada Ldt. 1995 NST Field Demonstration Summary Report. Table 4.6.4, 7.2.4 

R:l 199712200\972-22051600016045\CTTOX.X LS\acute 

Table 111-A 
Summary of Suncor and Syncrude Acute Toxicity Data 

Page 2 of 4 
Water Quality Parameters 

DO pH Conductivity BODS Naphthenic Sulphate 

(mg/L) (IJS/cm) Acids (mg/L) (mg/L) 

7.83 2750 83 

7.87 2560 87 

7.75 2330 79 

7.19 2570 64 

7.11 2650 65 

7.06 2650 66 

8.93 53 

8.39 2140 65 

8.45 2200 75 

8.64 2180 70 

8.64 2180 76 

8.61 2210 75 

8.15 2230 66 

8.34 1924 64 

8.17 2150 63 

7.76 2240 57 

8.4 2020 

7.4 8.3 2190 3.4 

8.6 7.7 2410 

8.6 7.7 2410 

6.4 8.2 2730 3.7 

Golder Associates Ltd. 

Calcium Microtox (15 min) Trout Survival (96-hr acute) 

(mg/L) IC50 (%) IC40 (%) IC30(%) IC20(%) NOEC(%) LOEC(%) LC50(%) LC25(%) LT50(hr) survival(%) 

100 30 
100 18 
90 18 
100 36 
100 33 
100 35 
100 42 
100 29 
100 28 
100 32 
100 23 
100 31 
100 42 
100 26 
100 41 
100 20 

50-100 0 

>91 32 71 

>91 >91 62 

71 

3/19/98 



~~re Source 

Trout 

Alevin survival (%) LC25(%) 
SUNCOR 

EVS -Untreated (week 1 0) 100 

EVS- Basic (Suncor sediments+ TFM) (week 1 0) 68 
..) 

EVS- Basic+P+aeration (week 1 0) 35 I) 

r EVS-Inoculated (Basic+P+aeration+bacteria) (week 10) 64 

EVS-Open (week 1 0) 30 

lJ EVS-Recirculated (week 1 0) 68 

Gypsum- 1994 bench-scale tests 

EVS-Baseline (week 0) 0 

EVS-Baseline (week 0) 

SYNCRUDE 

Flume Test Sample 

NST Bench Test 

High CaS04-WRC (Nov-95) 

u High CaS04-WRC (Oct-95) 

Lower CaS04-WRC (Nov-95) 

., Lower CaS04-WRC (Oct-95) 

::l NST swim pool (Oct-95) 
J 

NST swim pool (Aug-95) 

Lease 86 (CT made June 95) 

CT Pit 3 (nutrients) 

CT Pit 2 (no nutrients) 

CT Pit 1 (reservoir) 

Inflow to constructed wetlands 

Outflow to constructed wetlands 

CT composite of above samples 

CT Wetland (95)- Trench 1 

CT Wetland (95)- Trench 9 

CT Wetland (95)- Trench 5 

CT Wetland (95)- Trench 8 

SYNCRUDE 

1995 CT water (fresh) 

1995 CT water (8 months) 

1995 CTwater (11 months) 

1995 CT water (21 months) 

CT Oct. 95 (NSTPD1) 

CT June 96 (NSTPD1) 

CT Aug. 96 (NSTPD1) 

NST release water (from NST mix deposited in MFT cell) 1 

Porewater deposited in NST cell (grab sample-surface) 1 

Porewater deposited in NST cell (grab -porewater) 1 

Porewater deposited in NST cell (porewater profile) 1 

R·\1997122001972-2205\600016045\CTTOX.XLS\acute 

Table 111-A 
Summary of Suncor and Syncrude Acute Toxicity Data 

Page 3 of 4 

Fathead Minnow (7 day) Daphnia Survival (48-hr acute) 

LCSO (%) LOEC (%) NOEC(%) survival(%) NOEC(%) LOEC(%) LC25(%) LCSO (%) survival(%) 

>100 

>100 

>100 

>100 

>100 >100 >100 >100 

75 0 >100 >100 

100 100 >100 >100 

75 0 100 100 

100 100 100 100 

Golder Associates Ltd. 

I Reference 

Ceriodaphnia Survival test (7 day) 
NOEC(%) LOEC(%) LC25 (%) LCSO (%) Survival(%) 

60 Suncor EVS report 1995a 

100 Suncor EVS report 1995a 

100 Suncor EVS report 1995a 

100 Suncor EVS report 1995a 

100 Suncor EVS report 1995a 

100 Suncor EVS report 1995a 

Suncor EVS report 1995a 

13 Suncor EVS report 1995a 

13 Suncor EVS report 1995a 

Syncrude 1995 Field test 

Syncrude 1995 Field test 

CANMETWRC 95-11 

CANMET WRC 95-11 

CANMETWRC 95-11 

CANMET WRC 95-11 

CANMET WRC 95-11 

CANMET WRC 95-11 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

Suncor, Lease 86 (EVS-Wetlands 1996 report) 

57 Suncor, Lease 86 (EVS-Wetlands 1996 report) 

63 Suncor, Lease 86 (EVS-Wetlands 1996 report) 

50 100 44 64 Suncor, Lease 86 (EVS-Wetlands 1996 report) 

16 Suncor, Lease 86 (EVS-Wetlands 1996 report) 

51 Suncor, Lease 86 (EVS-Wetlands 1996 report) 

0 Suncor, Lease 86 (EVS-Wetlands 1996 report) 

33 Suncor, Lease 86 (EVS-Wetlands 1996 report) 

50 50 Syncrude 1995 Field test 

Syncrude 1995 Field test 

100 100 Syncrude 1995 Field test 

Syncrude 1995 Field test 

50 50 Syncrude 1995 Field test 

Syncrude 1995 Field test 

100 100 Syncrude 1995 Field test 

Syncrude 1995 Field test 

Syncrude 1995 Field test 

Syncrude 1995 Field test 

Syncrude 1995 Field test 
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Table 111-A 
Summary of Suncor and Syncrude Acute Toxicity Data 

Page 4 of 4 

e Source I Reference 

Trout Fathead Minnow (7 day) Daphnia Survival (48-hr acute) Ceriodaphnia Survival test (7 day) 

Alevin survival(%) LC25 (%) LC50 (%) LOEC (%) NOEC(%) survival(%) NOEC(%) LOEC(%) LC25(%) LC50 (%) survival(%) NOEC(%) LOEC(%) LC25 (%) LC50(%) Survival(%) 

SUNCOR 

Pond 5 Suncor Pond 5 East 

) 
Pond 5 Suncor Pond 5 East 

J Pond 5 Suncor Pond 5 East 
' 

Pond 5- surface Suncor Pond 5 East 

Pond 5- 3 m depth Suncor Pond 5 East 

Pond 5- 5.8 m depth Suncor Pond 5 East 

Pond 5- Catwalk #3 (porewater) Suncor Pond 5 East 

Pond 5- #3 Suncor Pond 5 East 

Pond 5- Catwalk#1 (surface) Suncor Pond 5 East 

Pond 5- Catwalk#1 (bottom) Suncor Pond 5 East 

Pond 5- Catwalk#2 (2 m depth) Suncor Pond 5 East 

Pond 5- Catwalk#3 (2 m depth) Suncor Pond 5 East 

Pond 5- Drain #1 Suncor Pond 5 East 

Pond 5- Drain #2 Suncor Pond 5 East 

Pond 5- Catwalk #3 (porewater) Suncor Pond 5 East 

Pond 5- Catwalk #3 Suncor Pond 5 East 

Pond 5- Catwalk #1 (all depths) Suncor Pond 5 East 

Pond 5- Catwalk #1 (all depths) 50 100 81 >100 Suncor Pond 5 East 

Pond 5- CT Grab (in Aug. 21) 62 74 100 50 100 >100 >100 >100 100 >100 95 >100 Project# 972-2205-6045 

Pond 5- CT water 33 41 13 25 100 >100 >100 >100 25 50 27 35 Project# 972-2205-6045 

Pond 5- CT water (composite) 100 >100 >100 >100 50 100 60 74 -
Pond 5- CT water (composite) 61 74 100 50 50 100 41 58 

Jata summanzed from Syncrude Canada Ldt. 1995 NST F1eld Dem 

R:\ 1997\22001972-220516000160451CTIOXXLS\acute Golder Associates Ltd. 3/19/98 



Table 111-B 
Summary of Suncor and Syncrude Chronic Toxicity Data 

Type Source Sample Approx. References 
10 Sample Ceriodaphnla Reproduction Test (7 day) Selanastrum Growth Inhibition (72-hr) Fathead Minnow Growth Inhibition (7 days) 

Date IC25 (%) he so (%lj NOECI%i LOEC(•k) IC25("/o)--!IC50(%jj NOEC(%-;( LOEC(%) IC25(%) • j' ICSO(%) I NOEC(%) j LOEC(%) 

w SUNCOR 
..J 
< 

CT water (composite from pits) 0 RW159 Jun-95 14 20 13 25 45 78 25 50 Suncor. Lease 86 data U) 

0 
..J 

SYNCRUDE w 
u: 

1995 CT water (fresh) 32 13 72 93 50 100 Syncrude 1995 field tests 

1995 CT water (8 months) Syncrude 1995 field tests 

1995 CT water (11 months) 83 60 10 56 6 13 Syncrude 1995 field tests 

1995 CT water (21 months) Syncrude 1995 field tests 

CT Oct 95 (NSTPD1) 32 13 93 50 Syncrude 1995 field tests 

CT June 96 (NSTPD1) Syncrude 1995 field tests 

CT Aug. 96 (NSTPD1) 83 50 56 13 Syncrude 1995 field tests 

SUNCOR 
w 
..J 
< Pond 5- Catwalk#1 (all depths) Aug-96 30 42 25 50 Suncor Pond 5 East 0 
U) 

..J 
< Pond 5- CT Grab (Aug. 21) Aug-97 16 22 13 25 74 50 25 50 >50 >50 50 >50 Suncor Pond 5 East 13 
0:: 
w Pond 5- CT water Oct-97 63 75 50 100 25 41 25 50 26 36 25 50 Project# 972-2205-6045 ::;: 
::;: 
0 
0 Pond 5- CT composite (aged 3 wks) Oct-97 32 39 25 50 Project# 972-2205-6045 

Pond 5 -CT composite (aged 6 wks) Oct-97 24 33 25 50 27 40 25 50 32 48 13 25 Project# 972-2205-6045 

r:\1997\2200\972·2205\600\6045\CTTOX.XLS ·chronic Golder Associates 3/19/98 



APPENDIX IV 

CT WORKSHOP MEETING MINUTES 



Golder Associates ltd. 

1Oth Floor. 940 6th Avenue S.W. 
Calgary, Alberta 

ct'Goldfl' :Associates 
Canada T2P 3Tl 
Telephone (403) 299-5600 
Fax (403) 299-5606 

September 16, 1997 

Suncor Energy Inc. 
Sustainable Growth 
P.O. Box 4001 
Fort McMurray, Alberta 
T9H 3E3 

Attention: Mr. Martin Holysh 

RE: CT WORKSHOP MEETING NOTES- SEPTEMBER 8, 1997 

Dear Mr Holysh: 

972-2205/6045 

This letter contains notes taken during the CT workshop held on September 8, 1997 at Golder 
Associates' office in Calgary. These notes synthesize the major topics of discussion and may not 
define the comments and ideas of individual participants. 

Attendees: Martin Holysh, Don Klym, Don Sheeran - Suncor 
Mike Rogers, Mike MacKinnon, Terry Van Meer, John Ellingsen, Martin F_ung 
- Syncrude 
Randy Mikula - CANMET 
Randy Shaw, John Gulley, J.P. Bechtold, with appearances from Zsolt 
Kovats, Ian Mackenzie, Farida Bisha~· Mike Rankin- Golder Associates 

1. John Gulley opened the meeting with a review of the workshop purposes, which included: 
• a review of existing information, 
• update the knowledge base described in the "Silver Bullet", 
• identify on-going studies and expected completion dates, and 
• highlight data gaps in the existing information base. 

2. Suncor requested copies of Randy Shaw's projected impact slides detailing relative chemical 
concentrations in the Athabasca and Muskeg Rivers in 2040. 

Review of CT Chemistry 

3. Review of CT chemistry data held by Golder revealed that Golder does not have all of the 
available information on hand. Suncor, Syncrude and CANMET agreed to furnish Golder 
with the following reports and/or data: 

Individual 
Martin Fung 
Mike MacKinnon 

R:\1997122001972·2205\11000111045\MINIIO!.OOC 

Report/studv results 
2 studies by Li ( 1996) concerning plant growth on CT 
studies by Bill Shaw at UofA ( 1993-1995) detailing lab 

experiments using acid/lime and gypsum CT 

OFFICES IN AUSTRALIA CANADA GERMAf\JV 1-lUNGARY. ITALY SWEDE~J UNITED KINGDOM. UNITED SlATES 



Suncor Energy Inc. 
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Randy Mikula 

Don Sheeran 
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September 16. 1997 
972-2205.6045 

UofA studies (1991 ?) detailing acid/lime CT chemistry and 
toxicity 

multi-volume NST report detailing results from Syncrude's 
1995 field testing 

monthly/quarterly progress reports from Syncrude's commercial 
demo project, as they become available 

studies by Brian Brownell at CCIW examining the potential 
soluble components ofPAHs associated with fine tails 

reports produced by Suncor - believe these describe both lab and 
field studies 

monthly/quarterly commercial trail reports (1995 to present) 

4. There was general agreement that CT water data has to categorized as follows: 

Bench Scale 

Field Scale 

On Line (controlled), which includes 

Sync rude's 1995 NST field test 

Suncor' s pump tests 

Commercial Trails, which includes 

Suncor's Commercial Demonstration Project, Oct '95 and ongoing 

Syncrude's Commercial Demonstration Project, Aug '97 and ongoing. 

Operational 

Reclamation 

5. There was general agreement that the influence of CT aging, operational water recycling, 
decay rates, sand to fines rations and reclamation landscape designs need to be considered. 
Towards this end, Golder will prepare a matrix detailing the directional influence of these 
factors on CT water chemistry (i.e., whether decay, aging, etc. is expected to increase, 
decrease or have no effect on chemical concentrations in CT release waters). 

6. Mike MacKinnon stressed the fact that only conservative ions such as chloride, sodium and 
sulphate will build up in the recycle waters; metals, PAHs and other organics reach an 
equilibrium relatively quickly, and will not accumulate beyond equilibrium concentrations. 
However, Syncrude has not observed an increase in sulphate levels in their Mildred Lake 
Settling Basin. Where the missing sulphate is remains unclear. 

7. Mike MacKinnon informed the attendees that the deeper layers of CT solid deposits (i.e.,> 
30 em below the upper crust) turn anaerobic within several months. Redox potentials in the 
upper 30 em will remain positive, while lower levels are negative. Sulphides form, but 
remain in the deposit. Should the buffering capacity of the deposit be exhausted, then 
solubilization of the sulphide could occur. 
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8. Mike MacKinnon also indicated that sources of bioavailable carbon in CT deposits could 
include naphthenic acids and other hydrocarbons tied up within the solid matrix, hence the 
conversion of sulphates to sulphides described above. 

9. Although some individuals feel that lab studies are the best example of what to expect from 
the CT process, Suncor and Syncrude agreed that once Golder has synthesized all of the 
available lab and operational CT data, Mike MacKinnon and Don Sheeran will sit down with 
Golder representatives and decide what numbers will be used as representative CT data. 

Review of CT Toxicity 

10. Generally agreed that when reporting toxicity results, one must indicate whether we are 
discussing fresh, aged, diluted and/or treated CT. These results should also be subdivided 
into the categories previously discussed in ( 4) 

11. As with CT chemistry, Golder is missing several reports detailing CT toxicity which the 
following individuals have agreed to supply to us: 

Individual 
Terry Van Meer 

Mike MacKinnon 

Martin Fung 

Terrestrial Issues 

Report/study findings 
report by Kevin Shirwin (Uotw) describing zooplankton and 

phytoplankton abundance/growth under chronic conditions 
will e-mail Lisa Peters (Uotw grad. student) and direct her to 

release progress report detailing her work with fish 
hatchability and growth in CT environment · 

will e-mail Paula Sivic (UofA grad. student) and direct her to 
release progress report detailing her work with fathead 
minnows in South Bison Pond 

reports/study findings detailing macrophyte growth and 
microbial profiles in CT ponds 

report detailing Joanne Parrott's fish MFO study 
study results describing CT soil characterization 
report detailing work done at Vegreville examining earthworm 

survival and seedling emergence tests 

12. General agreement that ecosystems can be established on CT reclamation surfaces. 
However, we still lack a field demo to confirm this hypothesis. Issues of possible concern 
include: 

i) whether the CT capping layer will remain saturated or will local hydrology result in dry 
tailings sand overlain with a thin layer of topsoil. Dry sand would prohibit plant growth. 

ii) root growth may be limited if the underlying CT matrix becomes anoxic, which, 
according to (3) is likely to occur. 

Golder Associates 
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13. General agreement that methane production will not occur so long as sulphate levels remain 
high. Sulphates will likely change to sulphides, but they will not volatilize unless buffering 
capacity ofCT deposits exhausted (which is unlikely to occur). 

14. Gord Kemp from Suncor is monitoring emissions from existing tailings ponds. His findings 
are to be forwarded to Golder by Don Sheeran. 

15. Volatile organic carbons (VOCs) are presently being monitored at both Suncor and 
Syncrude. Work at Suncor completed by Concord, while Jacques Whitford surveyed 
Syncrude site. Results are to be forwarded to Golder by Don Sheeran and Mike MacKinnon. 

16. Dust not likely to be an issue, since CT solidifies to cement-like solid which will experience 
very little wind erosion. 

Aquatics Issues 

17. Golder highlighted potential problems in far future scenarios when CT and sand seepage will 
make up the bulk of water flowing though the Muskeg River and other small tributaries in 
the oil sands leases. This could have significant toxicity issues which may require 
mitigation. 

18. Although fish studies have been done using refinery and other process affected waters, no 
study has yet been done to investigate the potential for CT water to result in fish tainting. 
General agreement that one should be done. 

Health Issues 

19. Syncrude has completed a study of naphthenate toxicity. It was designed by Deib Berkholz, 
from ETL, and used bacterial enzymes to screen for mutagenic and other cellular effects. 
Although membrane transfer and general cellular processes where affected, no mutagens 
were identified. Similarly, very low PAH levels were observed to accumulate in SPMDs 
(semi-permeable membrane devices) exposed to CT. 

20. Mike MacKinnon is to furnish Golder with Dr. Richard San's 1980 report on pond water 
toxicity. It was produced by the B.C. Cancer Society. 

21. General agreement that Golder should initiate a simple mutagenic test on whole effluent CT 
to determine whether or not mutagens are present. 

Proposed. CT Document 

22. General agreement that proposed document should have a general focus, and act as a 
reference paper for CT chemistry and toxicity. As a result: 

'~~ Chapter 3 will incorporate matrix discussed in (5), 
'~~ Chapter 4 will be reduced to several paragraphs included in Chapter 1, and 
'~~ Chapters 5 and 6 will be eliminated. 
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23. Mike Rogers stressed the need to clearly indicate the influence of the CT process on final 
water and solids chemistry. The CT process should not become the "scape-goat" for 
reclamation and disposal problems which would have occurred in any case. We are simply 
adding calcium sulphate to a mixture of tailings sand and mature fine tails, two substances 
which have been well defined and already exist at the plant. 

24. South Bison Pond and High Sulphate Wetland identified as possible surrogates for CT water 
and solids, respectively, due to their high sulphate content. 

We hope these meeting notes are sufficient for your purposes and would be pleased to discuss 
any comments you may have. 

Yours very truly, 

GOLDER ASSOCIATES LTD. 

? 
/' .·.~ 

// /,~··:~-~. 

/~·;·,? /~.;-~£.~. -~'-:::!: 

/J~~. Bechtold, M.A.Sc. 
Water Quality Specialist 

cc: Don Klym (Suncor) 
Don Sheeran (Suncor) 
Mike MacKinnon (Syncrude) 
Randy Mikula (CANMET) 
Randy Shaw (Golder) 
Mike Rankin (Golder) 
Zsolt Kovats (Golder) 

John Gulley, M.Sc., P. Bio. 
Oil Sands Project Director 

Terry Van Meer (Syncrude) 
John Ellingsen (Syncrude) 
Martin Fung (Syncrude) 
Mike Rogers (Syncrude) 
Ian Mackenzie (Golder) 
Farida Bishay (Golder) 

Golder Associates 



APPENDIXV 

GLOSSARY OF TOXICOLOGICAL TERMS 



Acute Toxcicity Mortality that is produced within a short exposure period (e.g., within 
24 to 96 h). 

Chronic Toxicity Toxicity marked by a long duration, that produces an adverse effect 
on organisms. The end result of chronic toxicity can be death 
although the ususal effects are sublethal (e.g., inhibiting reproduction 
or growth). 

IC50 

LC50 

LT50 

Microtox 

NOEC 

LOEC 

The median inhibitory concentration; that is the concentration of a 
substance (toxicant, stimulant etc.) that causes a specified effect (i.e., 
inhibition of bioluminescence) to a level equal to 50% less than the 
control tested in a laboratory toxicity test of specified duration. The 
effect as well as the exposure-time must be specified (e.g., 15 min 
IC50). An IC20 would mean that there was inhibition of 
bioluminescence to a level 20% less than the control. The IC20 will 
always be lower (or the same if~ 100%) than the IC50. 

The median lethal concentration; that is, the concentration of material 
in water to which test organisms are exposed that is estimated to be 
lethal to 50% of the test organisms. The LC50 is usually expressed 
as a time-dependent value (e.g., 24-h or 96-h LC50). 

The median lethal exposure period; that is, the time (exposure period) 
it takes for the undiluted sample (i.e., 100% concentration) to be 
lethal to 50% of the toxicity test organisms. 

An automated (Beckman Instruments Inc.) rapid screening assay 
which determines the EC50 concentration of a material in water 
based on the reduciton of the amount of incident light emitted by a 
culture of fluorescent bacteria. 

No Observed Effect Concentration. That is, the concentration at 
which no effect on the toxicity test organism is observed. 

Lowest Observed Effect Concentration. That is, the concentration at 
which effects on the toxicity test organism are first observed. 



This material is provided under educational reproduction permissions 
included in Alberta Environment and Sustainable Resource 
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