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ABSTRACT 

Oil production, processing and transport result in accidental 
spills in a wide range of environments. The choice of land 
reclamation procedures in these cases depends upon an analysis of 
oil content throughout the soil profile. Conventional methods for 
extracting and determining oil content in mineral and organic 
soils were reviewed and found unsatisfactory for measuring bitumen 
residues in mineral fines (sludge) resulting from oil sand pro­
cessing. Common solvents, like toluene and methylene chloride, 
may not penetrate water-oil films associa;ed with saturated fines. 
Pretreatment, by drying the sludge at 40 C, greatly improves the 
efficiency of oil extraction by methylene chloride. Drying an oil 
contaminated soil sample at higher temperature before oil 
extraction is not recommended due to loss of oi by 
volatilization. The chemical and physical properties of the oil­
free sample are unaffected by the proposed extraction procedure, 
thus permitting further analytical measurements on previously con­
taminated samples. 
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INTRODUCTION 

A method of extracting oil from soils and unweathered 
geological materials is needed to measure the level of 
contamination and to evaluate alternative reclamation procedures. 
Crude oil is soluble in a variety of organic solvents. Some 
organic solvents used in oil extraction methods for soils and 
water include methylene chloride (McGill and Rowell, 1980; Law, 
1978), toluene (Patel, 1974), benzene, hexane and chloroform 
(Walker et al., 1975), -trichlorotrifluoroethane and carbon 
tetrachloride (Gruenfeld, 1973). 

The most highly recommended method for oil extraction from 
soils now is probably methylene chloride (McGill and Rowell, 
1980). However, the method needs modification for samples 
containing large amounts of water where oil-in-water emulsions can 
drastically reduce extraction efficiency. Furthermore, methylene 
chloride has low extraction efficiency in soils containing 
"untopped" or unaerated oil. 

The reclamation of the solids portion (sludge) of tailings 
ponds associated with Alberta's oil sand industry requires a 
measurement of bitumen content and the elimination of residual 
bitumen from the sample to facilitate further analytical 
measurements. The existing methods cannot be used without 
modification because sludge contains large amounts of water (70-
80% by weight) and a viscous, unaerated species of oil residue 
(Scott et al., 1985). 

This paper reports on the refinement of an oil extraction 
method which can be used on soils or unweathered geological 
materials containing any amount of moisture and oil in any state 
of oxidation. It compares the extraction efficiency of methylene 
chloride and toluene and defines a pretreatment suitable for a 
wide range of soil materials which does not change their inherent 
physical and chemical properties. 

MATERIALS AND METHODS 

Sludge and Soil 

The oil-contaminated sludge used in this study is a by­
product of oil production from oil sands. It is disposed of in 
huge tailings ponds near Ft. McMurray and consists of a thixo­
tropic mixture of very fine mineral particles and process water 
(Table 1). There is approximately four percent residual bitumen 
in the sludge, left over from an incomplete extraction by the 
Clark hot water process. The residual bitumen represents lost 
product for the operating company and influences the choice of 
reclamation procedures of the unconsolidated sludge. The tailings 
pond environment is aqueous, highly alkaline and extremely sodic. 
The level of soluble salts is elevated but not extreme (Table 2). 

the 
3) • 

The soil used in the evaluation of oil recovery procedures is 
A horizon material from the Malmo series, Black Solod (Table 
Oil-free samples of this surface soil were spiked with a 
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Table 1• Particle Sizes of Sludge 

------------------------------------
Particle size ¼m) % less than 

-------------------------------------
88 
44 
22 
1 1 

99.2 
95.0 
88.5 
75.2 

----------------------------------------

Table 2: Properties of the Oil Sand Sludge 

Sludge Properties 

Solids(%) 
Water (%) 
Bitumen (%) 
pH 
E.C. (mS/cm) 
S04 (ppm) 
Cl (ppm) 
SAR 

Measured values 

26 
70 

4 
9 1 
2.9 

384 
332 

61 
--------------------------- -- ---- -

8 1 



Table 3: Properties of Malmo Soil (A horizon) 

Soil Properties Measured values 

pH 8.4 

E.C. (ms/cm) 2. 1 

Saturation percentage 78.6 

SAR 2.7 

Sand (%) 27 

Silt {%) 41 

Clay ( % ) 32 

Textural class CL 
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known amount of "untopped" (unaerated) oil and extracted with both 
solv~nts. S~lected chemical and physical properties of spiked and 
unsp1ked soil samples were measured to evaluate the effect of the 
solvent. All laboratory analyses, except as detailed in this 
pape r , follo w standard procedures (McKeague, 1978; Richards, 
1954). 

Meas ur ement of Chemical and Physical Properties of Extracted Soils 

One.of the essential requirements of the proposed extr~ction 
me thod 1s that the properties of the extracted materials remain 
unaffected by the extraction procedure so that further analytical 
measurements can be carried out. Five treatments were used to 
evaluate the effects of solvent extraction on the properties of 
Ma l mo soils. Each treatment was replicated three times. 

T1 = oil-free soil extracted with toluene 
T2 - oil-free soil extracted ith methylene chloride 
T3 = oil-affected soil extracted by o uene 
T4 = oil-affected soil extracted by methylene chloride 
TS = no extraction (control) 

Ex trac t ants 

Toluene and methylene chloride are compared as oil 
extractants because of their ready availability, low toxicity and 
common use in analytical labs measuring oil content of soil or 
wate r (Patel, 1974; Hilpert et al., 1978; Law, 1978; McGill and 
Rowel l, 1 980) . 

Sample Pretreatment 

Often salt and acids are used as additives to organic 
solvents to improve extraction efficiency (Grunfeld, 1973). The 
deve lopment of a method for oil sand sludges precludes the use of 
add iti ve s because of sample contamination after extraction. Pre­
treatme nt by drying, as originally proposed by McGill and Rowell 
( 198 0) f or organic soils only, seems a viable alternative. Malmo 
so i l wa s wetted to field capacity (-33 kPa) and spiked with 5% (by 
dry we ight) crude oil. The soil samples were then air-dried 
(22 ° c ) for 7 days or oven-dried at 40°c or 105°c for . 16 hours. 
Methyl e ne chloride wa 7 used as the test ext:actant. Mo1 7t samples 
(-33 kPa), spiked with equal amounts of 011 and not dried, were 
used as controls. 

RESULTS AND DISCUSSION 

Effec t of Oil Extraction on Soil Properties 

The inves tigation of the effect of different solvents on the 
propert i e s o f the extracted materials is a prelim~nary test.to 
evaluate the e ffectiveness of the method for f~ture 011 ~xtract1on 
and measureme nt of mineral fines . ~ny change 1n ~ropert1e s of the 
tested mate rial s by the extraction me thod will negate the 
usefulness of measuring the oi content. 

Res ul t s of the tests indicate that ne ither the us e of solvent 
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nor the addition and extraction of oil affects chemical properties 
of Malmo soil prepared in a saturated paste (Table 4). In 
addition, soil particle size analysis is not affected by solvent 
or oil addition and solvent extraction (Table 5). The results 
allow further determination of the choice of solvent. 

Choice of Solvents 

Methylene chloride and toluene were both tested as potential 
solvents of crude oil. Both were capable of recovering more than 
75% of the crude oil added to a Malmo soil (Table 6). This is in. 
agreement with results obtained in the experiment conducted by 
McGill and Rowell (1980) in which between 29 and 30% of untapped 
(unaerated) oil was not recovered by methylene chloride extraction 
from different soils. The slightly higher recovery efficiency of 
toluene was not statistically different than methylene chloride. 
However, methylene chloride requires only one-third the time of 
extraction of toluene. This is p0rhaps due to the lower boiling 
point of methylene chloride (40 C) than toluene (110°c). Walker 
et al. (1975) compared extraction efficiency of benzene, hexane 
and chloroform from oil-contaminated sediments, but 12-24 hours of 
extraction time was required. As a consequence of the large 
differences in extraction time, methylene chloride was used as the 
extractant of choice for further testing. 

Effect of Pretreatment on Oil Extract Efficiency 

In the case of soil, water content, drying temperature and 
drying time do not affect the relative oil extraction efficiency 
of methylene chloride. McGill and Rowell (1980) used methylene 
chloride to extract mineral soils and also found no differences in 
oil recovery whether the soil samples were moist (at field 
capacity) or air-drbed. However, no attempt was made to oven-dry 
soil samples at 105 c. In our study, samples left to air-dry for 
seven days yielded th0 same oi0 recovery as soil samples which 
were oven-dried at 40 C or 105 C for less than one day. 

Pretreatment of sludge samples is needed because extraction 
by conventional methods without modification were proven 
unsatisfactory (authors' unpublished results). 

Sludge samples contain much higher clay content, large 
amounts of sodium and water, and differ greatly in their response 
to solvent extraction efficiency (Table 7). When no drying 
pretreatment is imposed (control) and moisture content equals 70% 
by weight, oil extraction efficiency is only 2% of that achieved 
by seven days of air drying. The sharp increase in extraction 
efficiency after drying can be explained by the elimination of the 
oil-in-water emulsions that cause extraction difficulty (McGill 
and Rowell, 1980). 

The temperature of the drying treatment also affects the 
relative extraction efficiency in sludge. Sample drying at 40°c 
for 16 hours yields the same oil recovery as seven days of air 
drying. When sludge is dried at 1os0 c, however, extraction 
efficiency drops to 54% of the air-dried value. This is probably 
due to the loss of oil by volatilization. 
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Table 4: Chemical Properties of Soil With and Without Oil After 
Extract ion With Two Solvents. 

------------------------------------------------------------------
* Treatment pH E.C. Soluble Cations (meq/L) 

(mS/cm) Na K Ca Mg -------------------------------------------------------. ----------

T 8.2 2.3 6.5 . 7 7 . 5.7 

MC 8.3 2.3 6.6 1 . 7 7.4 5.6 

OIL + T 8.5 2.4 7.3 1.8 7.4 5.8 

OIL + MC 8.4 2.3 7. 1 1 . 7 7.5 5.8 

CONTROL 8.4 2. 1 6.5 1 . 6 6.3 5.0 

* Saturated paste 

Values are averages of 3 replicates and are not statistically 
different. 

T = toluene extraction 
MC = methylene chloride extraction 
OIL = oil-spiked 
CONTROL= no extraction 
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Table 5: Soil Particle Size Analysis of Soils With and Without Oil 
After Extraction With Methylene Chloride. 

·Treatment Sand(%) 

31 

Silt (%) Clay(%) Textural Class 

T 
MC 
OIL+ T 
OIL+ MC 
CONTROL 

31 
27 
28 
27 

38 
37 
43 
43 
41 

31 
32 
30 
29 
32 

CL 
CL 
CL 
CL 
CL 

Values are averages of 3 replicates and are not statistically 
different. 

T 
MC 
OIL 
CONTROL 

= toluene extraction 
= methylene chloride extraction 
= oil-spiked 
= no extraction 

Table 6: Oil Extraction Efficiency and Duration of Two Solvents in 
Malmo Soil. 

Solvents 

Toluene 

Methylene chloride 

* 

. ~ 
011 recovery (%) 

80 

76 

Time (hr) required to 
complete extraction 

3 

Values are averages of 3 /replicates and are not stastically 
different 
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Ta bl e 7 : Eff ects of Drying at Various Temperatures on the Relat i ve 
Extraction Efficiency of Methylene Chloride on Oil-spiked 
Malmo Soil and Mineral Fines (sludge). 

------------------------------------------------------------------
Treatment Relative Extrac ion E ficiency {%) 

Malmo Soil Sludge 
------------------------------------------------------------------
Ai r dry for 7 days 100 a 100 a 

Oven dry at 40°c for 16 hrs 99.8 a 98 . 9 a 

Oven dry at 105°c for 16 hrs 95.3 a 54.2 b 

* Control {no drying) 91.2 a 2 1 C 

* Mo i stur e content of Malmo soil and tailing sludge without drying 
equals 30% and 70% respectively. 

For any column , values are statistically different if followed by 
different letters. 
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CONCLUSION 

An oil extraction method for mineral fines u~ing methylene 
chloride and pretreatment by mild oven drying at 40 C for 16 hours 
was developed. Results obtained in this study indicate that 
moisture in mineral fines significantly affects extraction 
efficiency. The amount of oil recovered was greatly reduced if 
sludge samples· were extracted in a saturated condition. Oven 
drying at 105 °c is not recommended due to decrease in extraction 
efficiency. Both chemical and physical properties of the 
extracted samples were not altered so that future characterization 
of the previously contaminated materials is possible. 

REFERENCES 

Gruenfeld, M. 1973. Extraction of dispersed oils from water for 
quantitative analysis by infrared spectrophotometry. 
Environ. Sci. Technol. 7:636-639. 

Hilpert, L.R., W.E. May, S.A. Wise, S.N. Chesler, and H.S. Hertz. 
1978. Interlaboratory comparison of determination of trace 
level petroleum hydrocarbons in marine sediments. Anal. 
Chem. 50(3)~458-463. 

Law, R.J. 1978. Determination of petroleum hydrocarbons in water, 
fish and sediments following the Ekofisk blow-out. Marine 
Pollution Bulletin 9:321-324. 

McGill, W.B. and M.J. Rowell. 
of oil-contaminated soil. 

1980. Determination of oil content 
Sci. Total Environ. 14:245-253. 

McKeague, J.A. 1978. 
analysis. 2nd ed. 

Manual on soil sampling and methods of 
Canadian Society of Soil Science. 

Patel, M.S. 1974. Rapid and convenient laboratory method for 
extraction and subsequent spectrophotometric determination of 
bitumen content of bituminous sands. Anal. Chem. 46(6):794-
795. 

Richards, L.A. 1954. Diagnosis and improvement of saline and 
alkali soils. Agriculture Handbook No. 60. U.S. Dept. of 
Agriculture. 

Scott, J.D., M.B, Dusseault and W.D. Carrier III. 1985. Behaviour 
of the clay/bitumen/water sludge system from oil sands 
extraction plants. Applied Clay Science 1:207-218. 

Walter, J.D., K.B., Colwell, M.P. Hamming and H.T. Ford . 1975. 
Extraction of petroleum hydrocarbons from oil-contaminated 
sediments. Bull. Environ. Contam. Toxic. 13(2):245-248. 

88 



_JJJJ!lcLRA __________ C_AN_~_ IA_N _LAN_ D_ RE_C_LAMA_ TI_O_ A_SS_OG_ l_~_O_N 

\JZ\CRSO ASSOCIATION CANADIENNE DE REHABILITATION DES SITES DEGRADES 

ELEVENTH AN UAL MEETING 

LAND REHAB LITATION. 
Policy, Plann·ng Systems 

and Operational Programs 

June 3 .. 6, 1986 

University of British Columbia 
Vancouver, B.C. 



/\ CANADIAN LAND RECLAMATION ASSOCIATION 

--lllJ U L R L\-:=..-=--=--=--=--=--=--=--=--=--=--=--=-=--=--=--=--=--=--=--=--=--=--=--=--=--=--=-=--;::..=--= \. n CR s D d~<;nC.1.dTl()N CANAOIENNE DE REHABILITATION DES SITES DEGRADES 

BOX 682 • GUELPH, ONTARIO, CANADA· N1H 6LJ 

ELEVENTH ANNUAL MEETING 

LAND REHABILITATION : 

Policy, Planning Systems 

and Operational Programs 

June 3 - 6, 1986 

University of British Columbia 
Vancouver, B. C. 

ISSN 0705-5927 

CANADIAN LAND RECLAMATION ASSOCIATION 

Box 682, GUELPH, ONTARIO 
CANADA NIH 6L3 



Digitized by the Internet Archive 
in 2025 with funding from 

University of Alberta Library 

https ://archive. erg/details/I andrehabi litati00cana 



EDITOR'S 

FOREWORD 

ii 

TABLE OF CONTE TS 

NOTE . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

I • ■ ■ • • ■ ■ .e. I I • ■ • • • I I t II • ■ ■ ■ I t, I I e I I ■ e t I ■ t I I ■ I ♦ I I ■ ■ ,t ,t I 

KEY NOTE ADDRESS - Reclamation - Past, Present and 
Future 

J . V . Th i r good . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . 

LAND REHABILITATION POLICY 

Reclamation Projects Sponsored by the Canada-B.C. 
Minera Development Agreement 

Page 

V 

Vl 

D . M . Ga l bra i t h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Planning for the Fraser-Thompson Corridor - A 
Cash of Perspec ives 

A . R.. Thompson . . . " . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Rehabilitation - Its Many Facets at On ario Hydro 
A.S. Ansell . . . . . . . . . . ... . . .. . . . . . . . .. . . .. . . . .. . . 25 

Land Rehabilitation - Policy and Procedures at 
Two Hydroelectric Developments in Newfoundland 

G.P. Rideout .................. , . . . . . . . . . . . . . . . . . . 33 

Forest Harvesting Impacts on Watershed Values 
L.H. Powell .................................... _. 

SOIL CONSIDERATIONS 

Guide to SWAIN - The Soils and Water Activity 
Inventory 

D.R. Murray and J.R. Hardy . . . . . . . . . .. . . . . . . .. . . . . . 
Vegetation Response to Right-of way Clearing 
Procedures in Coastal British Columbia 

5 

A.B. McGee . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65 

Heavy Metal Levels in Grasses and Legumes Grown 
on Copper Mine Tai ings 

C . M . Ha c k in en . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . 6 9 

The Reclamation of Waste Rock Dumps at the 
Kitsault Minesite 

W. A. Price. .... ..... ... ........ .. ........................ 3 

Ex raction and Measurement of O Content · n 
Mineral Fines (Sludge) 

P. Yeung and R. Johnson . . .. .. .. ... .. .... .. .. .. .. 77 



i. i 

Page 
LINEAR D STURBANCE 

Visual Implications for Reclama ion of the CP 
Debris Flow Tunnels in Yoho National Park 

P. Miller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 

CP Rai Roge rs Pass Project Reclamation Program 
D. F . Po s t er . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 3 

B. C. Hydro Road Erosion Control and Right o Way 
Revegetation Programs 

.. Wright ..... .. ... . . .. .. . ....... .. .. .. .. .. . . ..... . 07 

URBAN DEVELOPMENT 

Urban Reclamation Plant for the B.C. SkyTrain 
D. Easton and J . Losee . . . . . . . . . . . . . . . . . . . . . . . . . 1 11 

Landfill Areas and is Vegeta ion 
D. Oostindie .... ... .. , ..... . ..... . 

SLUDGE MANAGEME T 

Oil and Gas Dril ing Waste Managemen Consider­
ations by Public Lands Division Staff, Depar -
ment of Forestry, Lands and Wildlife in Alber a 

23 

D. A .. Lloyd . .. . . - . .. . ... ....... .. . . . ... ~. .. . . ... . . . . . 1 29 

Forest Soil Amendmen w' th Municipal and 
Industrial Sludge 

D. W. Cole and C. L . Henry . . . . . .. . .. . . . . . . . .. .. . . . 149 

FOREST DEVELOPMENT 

Cascade Cree Restorat 'on (A Slide Presentat ion) 
H . Ne s bitt-Porter .... . .... . .... . ... .. .. . . . 

Rehabilitation of Non-Productive Forest Stands 
in British Columbia 

1 77 

S . G. Homoky and J . Boateng , .. .. . .. ... . . . . ... . . . . 183 

Rehabilitation of Degraded Forest Soil in the 
Prince George Forest Region 

A. . J McLeod and W. Carr ... . ........ . ... . ....... , 197 

REVEGETATION - SOIL AMELIORATION 

Revegetation and Reclamation of Ash Lagoon 
Surface s in Central Alberta 

T . A .. Oddi e .... . ........ " . . .. ........ .. .. , ......... , 2 0 5 

Asse s sment of Variable Subsoi Replacement Dep hs 
After Surface 'ning (BRSRP) 

L. A. Les · w, C Sha -Nason and E. Reinl - Dwyer 2 9 



iv 

REVEGETATION - PLANT MATERIAL 

Restoration in Northern Environments - Use of 
Sea Lyme Grass 

Page 

F, Gauthier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 251 

Cattail Stand Development on Base Metal Tailings 
Areas 

M. Kalin and R.G. Buggeln .. ....... ...... .. . ... .. 261 

Economic and Biological Feasibility of Native 
Plants for Land Reclamation in Western Canada 

C. E. Jones and B. McTavish ............ .. ...... .. 277 

APPENDIX I - List of Registrants . . . . . . . . . . . . . . . . . . . . . . . . 297 

APPENDIX II - Co-sponsors, Organizing Committee, 
Executive and Session Chairs ....... .. .. .. .. 30 1 



vi 

FOREWORD 

The British Columbia Chapter of the Canadian Land Reclamation 
Association was formed in 1985 to provide a local public forum for 
the exchange of information and experience in land rehabilitation. 
Comprised of professionals from a wide range of backgrounds and 
interests, this organization pulled together quickly to host the 
1986 Annual Meeting. The diverse membership in the B.C. Chapter 
was realized in a program that expanded the scope of the 
conference to include many fields that have not been represented 
in past programs. The quality of presentations and range of 
topics kept audience participation at a spirited level. It is our 
hope that we have initiated a trend to widen the scope of the 
annual meetings so as to not focus on traditional mining or energy 
deve opment issues. 

I wish to thank all speakers and attendees for making 
first forma unc ion o he B.C. Chap er a success. 
enthusiastic support of chapter members in the planning 
administration of the conference demonstrated a strong desire 
a quality meeting. This drive bodes well for the future of 
chapter. 

this 
The 
and 
for 
our 

A great deal of effort went in o the pub ica ion of he 
proceedings of the 1986 Annual Meeting. Care- was taken to 
accurately reproducce all papers, however minor errors may have 
escaped the review process. We hope that this will not detract 
from the 'nformation presented by the au · hors. 

May the CLRA and all loca chapters continue to grow and 
function as a foca point for land ehabili ation. 




