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Froth treatment tailings (FTT) are a specific type of tailings waste stream from the bitumen froth treatment process

that contains bioavailable diluent: either naphtha or paraffins. Tailings ponds that receive FTT are associated with

the highest levels of biogenic gas production, as diverse microbial communities biodegrade the residual diluent.
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1. Introduction

FTT are a waste stream of the oil sands extraction process. In order to extract useable hydrocarbons from oil

sands deposits, the oil sands ore must first undergo treatment to separate the bitumen in oil sands from the water

and sand. During primary extraction, oil sands are mixed with water, hydrocarbon diluent, and air to form a slurry

. Bitumen is then separated from the slurry by flotation, resulting in a bitumen-rich froth that also contains fine

solids and emulsified water droplets . During the subsequent froth treatment process, diluent is added to

reduce the density and viscosity of the bitumen, thereby enhancing separation of the hydrocarbons from the solids

and water . These waste products become FTT. This extraction process is conceptually illustrated in Figure 1.

Figure 1. Primary separation process of

bitumen from oil sands.

Two types of organic diluents are mainly used for froth treatment: naphtha and paraffinic solvents . Naphtha

refers to a mixture of C –C  aliphatic hydrocarbons and benzene, toluene, ethylbenzene and xylene (BTEX)

compounds . Paraffinic diluent is composed mainly of C  and C  alkanes . The type of diluent chosen in the

froth treatment process is based on the desired bitumen product quality . Naphtha-based froth treatment has

been predominantly used in the oil sands for over 30 years and typically requires a naphtha/bitumen ratio of 0.6–
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0.75 w/w . The relatively newer paraffinic-based froth treatment process produces a cleaner bitumen product;

however, this is achieved at a lower bitumen recovery rate and requires a higher diluent/bitumen ratio above 1.5

w/w . After froth treatment, the diluent is recovered in solvent recovery units for reuse, but a fraction ends up in

the FTT waste stream . The exact chemical composition of FTT depends on the ore, extraction process,

refining process, and additives used . FTT are typically composed of 76.5 wt% water, 17 wt% mineral solid

particles, 4.5 wt% bitumen, and up to 2 wt% diluent . The mineral solid particles in FTT are primarily silicates with

varying amounts of oxides, carbonates, sulphides, and sulphates . FTT can also contain BTEX, polycyclic

aromatic hydrocarbons (PAHs), hazardous metals, and naturally occurring radioactive minerals .

FTT are deposited in tailings ponds in the same ways as other types of extraction tailings: either subaqueously or

subaerially onto the pond surface . Solids and larger asphaltene components of the tailings settle quickly,

forming a layer of sand and sediment on the beaches and bottom of tailings ponds, surrounding the fine clay

particles, which are extremely slow to settle and are referred to as fluid fine tailings (FFT) . Tailings are

typically stored in ponds for years to allow for further dewatering and consolidation . Once the fine tailings solid

content reaches 30–40% w/w, these tailings are referred to as mature fine tailings (MFT) .

2. Types of Froth Treatment Tailings

2.1. Naphtha FTT

Naphtha is a complex mixture of low molecular weight n-, iso-, and cycloalkanes and monoaromatics (BTEX) 

. Naphtha is produced during the bitumen upgrading process and is recovered for use as diluent . Naphtha

composition varies between operators; some use heavy naphtha containing mostly C –C  aliphatics, while others

use light sour naphtha with mainly C –C , or naphtha containing primarily C –C  hydrocarbons . An analysis

of heavy naphtha found it contained 18 wt% n-alkanes, 31 wt% iso-alkanes, 27 wt% cycloalkanes and 15 wt%

BTEX . The residual naphtha concentration in tailings ponds from different operators ranges between 0.2 and 0.5

wt% . After the bitumen extraction and naphtha recovery processes, the composition of residual naphtha

released in FTT generally contains higher amounts of less volatile, heavier hydrocarbons .

Naphtha FTT may also contain small amounts of chemicals such as sodium hydroxide (NaOH), which is added

during the extraction process to disperse clays, as well as demulsifier chemicals (surfactants), which are often

added during froth treatment to help remove water droplets 

2.2. Paraffinic FTT

Compared to naphtha, paraffinic diluent is relatively simple and is composed primarily of C  and C  n- and iso-

alkanes . Analysis of paraffinic diluent found that it contained 24 wt% n-pentane, 11 wt% n-hexane, and 49

wt% iso-alkanes (2-methylbutane, 2-methylpentane, and 3-methylpentane) .

Paraffinic FTT composition differs from naphthenic FTT in a few other ways. Paraffinic solvents precipitate the

asphaltene component of bitumen, which act as flocculants, further removing suspended solids and water droplets
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to achieve a cleaner bitumen product containing less moisture and solids . The precipitated asphaltene

aggregates are collected in the paraffinic FTT . Additionally, paraffinic FTT contain trisodium citrate, which is

added during the extraction process instead of NaOH, and polyacrylamide, which is added to thicken tailings

before deposition in tailings ponds . Trisodium citrate is an easily fermentable methanogenic substrate that may

also contribute to tailings pond emissions .

3. Final Remarks

In summary, FTT are a type of tailings generated by the bitumen froth treatment process that contain either

naphthenic or paraffinic diluent. The biodegradation of diluent in FTT is the primary contributor to biogenic

emissions from tailings ponds. Tailings ponds that receive FTT streams generally have higher GHG emissions,

VOC emissions, and higher potential to generate RSCs depending on microbial community, tailings composition,

and pond physical properties. Although tailings ponds harbor dynamic microbial populations that are highly diverse

due to tailings characteristics, some bacterial and archaeal taxa, notably Peptococcaceae and Methanosaetaceae,

have been found consistently in various studies regardless of diluent type and incubation time. Microbial

inhabitants of tailings can degrade large fractions of residual diluent. Simple hydrocarbons are preferably

metabolized first, followed by relatively complex hydrocarbons and finally more complex and recalcitrant

hydrocarbons. Diluent degradation takes place in a series of steps involving a syntrophic partnership between

fermentative bacteria and methanogenic archaea through hydrogenotrophic and/or acetoclastic pathways. The

biodegradation of diluent and its constituents by microbial communities in tailings has been well studied in

laboratory experiments, however, several areas require further research in order to better understand the complex

chemical and microbial process contributing to emissions from tailings ponds receiving FTT.

In most of the laboratory studies, tailings samples were spiked with pure diluent, whereas the actual residual

diluent concentration and composition in FTT is variable and less well studied. The analysis of diluent remaining in

tailings samples, particularly FTT, is a critical step in determining the effect of hydrocarbons on the microbial

activity in tailings ponds and associated GHG emissions. While a somewhat patchy body of literature exists

regarding the extraction and analysis of hydrocarbons, a comprehensive study of solvents, extraction conditions,

and GC parameters is missing. When approaching analysis of FTT, we must rely on techniques that were

developed for different tailings types. A systematic study of extraction parameters for FTT would yield the most

accurate data and ensure that data is not being biased by using ill-suited conditions.

Predicting GHG, RSC, and VOC emissions from tailings ponds is difficult due to the heterogeneity and complexity

within tailings ponds. Further research is needed to confirm predicted VOC losses associated with different diluent

types. For assessing GHG emissions from distinct diluent hydrocarbons, stoichiometric models have been

developed, but they are not well supported by field data. Until now, most studies have relied on the pyrosequencing

method of DNA sequencing, however, advanced sequencing techniques with more in-depth coverage is vital to

understand the vast complexity of tailings microbes. Additional research is required to capture the spatial and

temporal patterns of FTT-associated microbial activity to better predict GHGs and guide tailings pond management

decisions.
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