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ABSTRACT 

The study reported here is an offspring from a 6-year field study near Maidstone, SK that was 

originally designed to assess the feasibility of utilizing a heavy oil production waste to improve 

erodible, sandy cropland through oil-induced stable soil aggregation and microbial conversion of 

hydrocarbons into humus. In one of our two plot experiments on a Meota loamy sand initial soil 

oil contents in the top 10 cm were much higher than anticipated, i.e. 7.0% and 3.0% instead of 

the targeted 1 and 2%, inadvertently rendering that experiment into an ‘oil spill remediation’ 
study. Early attempts to remediate the ‘overoiled’ soil with more tillage and greatly increased N 

+ P + § fertilization failed to improve soil conditions enough to allow any crop growth. Thus we 

focused on screening for crops with higher tolerance to oily residues and on amending the 

polluted soil with an application of 63 tonnes (t) dry wt/ha of old cattle manure, containing 20 t 

OM+sha with a C/N ratio of 10.5. The main objectives of our study were (i) to assess the 

restorative ability of manure for soil properties critical to plant growth, and (ii) to measure 

manuring benefits for grain production by more oil-tolerant crops. Greenhouse and field tests 

indicated that cereals, as a group, are less sensitive than pulses, forages and oilseeds toward oily 

residues in soil. Among the cereals, oat was by far the most tolerant crop with wheat a distant 

second but well ahead of barley and rye. Within 4 months of manure incorporation there were 

marked improvements in soil properties that are indicative of soil quality and productivity. In 

unfertilized plots manuring effected a 20% reduction of the erodible fraction (<0.84 mm), 30% 

increase in waterstable aggregates, 20% decrease in bulk density, 56% increase in hydraulic 

conductivity and a 131% increase in viable bacteria. The effectiveness of manure in improving 

soil conditions was found to decrease with increasing rates of previous fertilizations. One year 

later, the overoiled plots were seeded to oat and wheat but due to extensive damage by 

grasshoppers only manure effects on emergence and vegetative growth up to flowering could be 
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measured. In unfertilized plots manuring increased oat plant density by 53% and DM production 

by 150% relative to the unmanured check. Corresponding increases with wheat were 55% for 

stand density and 65% for biomass production. Stand densities and vegetative growth in 

overoiled, but manured, plots were very similar to those of unoiled controls emphasizing the 

effectiveness of a single manure application in restoring crop productivity to a heavy oil-polluted 

soil. Two years after soil incorporation of manure all plots were seeded to oats that were grown 

to maturity. When averaged across fertilizer treatments, manuring resulted in a 55% increase in 

plant density, 70% increase in crop biomass and an 82% increase in grain yield. There was also a 

significant positive interaction between manuring and earlier fertilizations in enhancing oat 

growth and particularly grain yield. On manured, but unfertilized plots the grain yield was 32% 

greater than on the corresponding unoiled and unmanured plots which attests to the restorative 

ability of decomposed cattle manure for cereal production. Manuring was also found to improve 

grain quality by maintaining protein levels and by markedly increasing kernel size and test 
weight of the oats. Thus we can conclude from this field study that a single application of old 

manure can be very effective in improving critical soil properties and, in turn, restoring the oil- 
polluted topsoil to full productivity in terms of grain yield and quality within one to two years. 

INTRODUCTION 

When oil spills happen in the Prairie region they frequently occur in or near fields of annual 

crops such as cereals, oilseeds and pulses. When a spill is rated as ‘medium’ (i.e. >4% oil in 

topsoil) or ‘heavy’ (i.e. >8.5% oil in soil) the affected area must be treated or it will remain 

unproductive for years (Toogood and McGill 1977). Spill studies in Alberta demonstrated that 

crop yields can be restored but only if microbial activity in the polluted soil is stimulated by 

frequent tillage and massive applications of fertilizer nutrients (Toogood 1977; McGill et al., 

1981). However, there are instances, including the present study, when tillage and fertilization 

have failed to remediate polluted cropland in a timely fashion. 

The study reported here is an offspring from a 6-year field study by Agriculture and Environment 

Canada with P.E.R.D. funding to assess the feasibility of utilizing heavy oil production wastes 

for protection and potential improvement of erodible, sandy cropland in northwestern 

Saskatchewan. Originally this research was focused on improving marginally-productive, arable 

land through oil-induced stable soil aggregation and microbial conversion of hydrocarbons into 

humus rather than to emphasize industrial disposal goals. 

We found that a single application of a heavy oil sludge and incorporation into Meota loamy 

sand, at 1 to 2% initial soil oil contents, effected large increases in size and stability of aggregates 

(Rasiah et al., 1997) and eventually resulted in an average gain of 35 tonnes (t) of humus per 

hectare (ha) without any residual oil in soil or migration of organic pollutants into the 

groundwater (Biederbeck et al., 1993). It seems that many of the >3 million ha of cultivated 

sandy soils on the Prairies could benefit from improvements in soil structure and humus content 

that can be realized by incorporation of organic, including petro-type, wastes (Biederbeck et al.. 

1997). However. in one of our two plot experiments initial oil contents in the top 10 cm of soil 
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were much higher than anticipated, i.e. 7.0% and 3.0% instead of the targeted 1 and 2%, 

inadvertently rendering that experiment into an ‘oil spill remediation’ study. At first we 

attempted to remediate the ‘overoiled’ soil with more frequent tillage and greatly increased N + P 

+ § fertilization but these practices failed to improve soil conditions enough to allow any crop 

growth. Thus we focused subsequent reclamation efforts on screening for crops with greater 

tolerance to oily residues and on amending the polluted soil with a massive application of old 

cattle manure, because livestock manures had already been shown to be more effective than 

chemical fertilizers in restoring productivity to artificially eroded soils in western Canada 

(Dormaar et al., 1988; Larney and Janzen 1996). The main objective of our spill remediation 

study was, therefore, to assess the restorative ability of manure for those soil properties that are 

critical to plant growth and for grain production by more tolerant crops on an oily waste-polluted 

loamy sand. 

MATERIALS AND METHODS 

Details of experimental design, research methodology and sampling techniques were as described 

previously by Biederbeck et al. (1993). In June and September 1986, two plot experiments were 
established on 2 ha of Meota loamy sand (Black Chernozemic soil) 10 km southeast of 

Maidstone, SK. The topsoil (0-10 cm) at the site had the following main properties: 80% sand, 

9% silt and 11% clay; pH=5.8, EC=0.54 dS/m, BD=1.31 g/em*®, CEC=5 meq/100g; 2.20% 

organic C, 0.184% total N and a C/N ratio=12.0 prior to oily waste sludge application. In both 

experiments, the same 3 sludge (00=none, 01=300 and 02=600 tonnes/ha) and fertilizer rates 

(FO=none, F1=150 kg N + 15 kg P + 24 kg S, and F2=300 kg N + 30 kg P + 48 kg S/ha) were 

applied to reach targeted waste loadings of 1.0 and 2.0% oil in soil (wt/wt), respectively. The 

EOR sludge was hauled from Husky’s Fireflood Plant #4 near Maidstone. All 9 sludge x 

fertilizer combinations were replicated 3 times on 27 plots (4 x 14 m) per experiment. Fertilizer 

was broadcast and then sludge was applied and incorporated to 10 cm depth with a modified 

rotovator connected through its Bowie pump to a tank truck running alongside. Soils in all plots 

were sampled hydraulically to 120 cm depth just before sludge application in 1986 and then each 

spring and fall for routine physical and chemical analyses. The surface 10 cm were sampled 

manually for soil structural, biochemical, microbiological and hydrocarbon analyses. 

In the first experiment, initial oi] contents averaged 1.0 and 1.5% of soil in 01 and 02 plots, 

respectively. However, in the second experiment, initial oi] contents were much higher 

averaging 7.0% in 01 and 3.0% in 02 plots due to extreme variability in oil content of EOR 

sludge from one truckload to another. In the plots with 7% oil content, and where no plants 

could grow in 1987, the soil was rototilled more often (fall and spring) and the fertilizer rate was 

increased in April 1988 to F4=600 kg N + 60 kg P + 96 kg S/ha to attempt remediation of the 

polluted soil. 

During the winter of 1987/88, greenhouse tests were conducted to assess the response of various 

agricultural crops to soil-incorporated EOR sludge using bulk samples collected from 00, 01 and 

02 plots of the second experiment in October 1987. Average oi] contents of samples from 01 and 
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02 plots were 5.0 and 2.2%, respectively. Test plants included forage grasses and legumes, 

cereals, oilseeds and pulse crops. On May 17, 1988, each plot in the second experiment was 

divided along the length into 5 subplots (2.8 m x 4 m) and seeded to the following 5 annual 

crops, that had shown promising results during the earlier emergence tests in the greenhouse: 

1) spring wheat, cv. Katepwa, at 82 kg/ha 

2) oats, cv. Calibre, at 57 kg/ha 

3) barley, cv. Leduc, at 68 kg/ha 

4) spring rye, cv. Gazelle, at 61 kg/ha 

5) field peas, cv. Trapper, at 178 kg/ha. 
At maturity a 1.0 m? area was hand cut in each subplot for subsequent threshing and yield 

measurements. 

In 1989, all plots were summerfallowed, receiving a total of 4 tillages: rototilling in spring and 

fall and cultivating twice in summer for weed control. On May 17, 1989, a mixture of well rotted 

barnyard manure and sand from a nearby farm was applied with a manure spreader to half the 

width of each of the nine ‘overoiled * 01 plots in the second experiment and was incorporated to 

10 cm soil depth with the rotovator. A total of three loads of manure were used and subsequent 

sampling of the surface-spread material on all plots, prior to rototilling, indicated an average 

application of 97 tonnes wet weight or 63 tonnes dry weight or 20 tonnes of organic matter/ha. 

This well aged (>3 yr) cattle manure had an average C/N ratio of 10.5, indicating that it had 

undergone extensive decomposition. On May 18, 1990, half the length of each plot in the second 

experiment was seeded to wheat, cv. Katepwa, at 86 kg/ha and the other half to oats, cv. Calibre, 

at a rate of 88 kg/ha. A very severe grasshopper infestation after mid-June caused progressive 

crop damage, despite repeated spraying with deltamethrin. Thus plant dry matter of both cereals, 

when sampled at flowering, was markedly reduced and there was not enough grain left to harvest 

any plot at maturity. In spring 1991, all plots were seeded to oats and, with frequent and timely 

applications of various insecticides and border planting of deterrent crops, reasonable 

grasshopper control was eventually achieved. In late August, m* samples of oats were collected 

from the manured and unmanured halves of each plot for determination of plant populations, dry 

matter production, grain yield and grain quality. 

RESULTS AND DISCUSSION 

The effects of oils on plant growth can range from kill on contact and other direct physical 

damage, such as inhibition of seed germination, to growth reductions from indirect effects due to 

changes in soil moisture retention, reduced nutrient availability and development of anaerobic 
conditions and on to stimulation of growth at very low concentrations of hydrocarbons (Deuel 
1990). The degree of toxicity also depends on the chemical nature of the hydrocarbons and 

generally decreases with an increase in molecular size and viscosity (McGill et al., 1981). Thus 

fuel oils are more phytotoxic than unrefined oils or heavier sludges. 

Crop Selection for Tolerance to Oily Residues 
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The response of various crops to the previously soil-incorporated EOR waste sludge was 

assessed in the greenhouse by placing bulk soils, collected from the top 10 cm of selected plots at 
13 months after sludge application, in wooden trays and measuring the relative rate of emergence 

on test plants 

Table 1. Emergence of ten test crops in Meota loamy sand containing an average of 2.2% 

(O2F2) and 5.0% (01F2) oil, when removed from plots for plant assays in the 

greenhouse. 

Relative Emergence (% of unoiled soil)’ 

Plant type and cultivar 
02F2 O1F2 

Sweetclover, cv. Norgold 0 0 

Alfalfa cv. Rambler 137 49 

Crested Wheatgrass, cv. Parkway 88 15 

Bromegrass, cv. Carlton 150 fe) 

Red Clover, cv. Norlac 88 3] 

Canola, cv. Tobin a 1 

Wheat, cv. Katepwa 83 74 

Pea, cv. Trapper 188 37 

Oat, cv. Calibre 120 82 

Barley, cv. Klages 120 85 

+ Each number is the mean of three replicates per treatment 
seeded at recommended rates and at optimum depth and then maintained at optimum soil 

moisture (field capacity). The cultivars of forage and field crops tested were chosen according to 

published recommendations from Saskatchewan Agriculture for crop production in the Black soil 

zone. Final seedling counts, as a percentage of those in the unoiled contro] soil, are shown in 

Table 1. At the 

2.2% soil oil content, the effects ranged from complete inhibition of germination (sweetclover) to 

stimulation (alfalfa, bromegrass, pea, oat and barley). At the high oil level (5.0%), germination 

of all crops, except pea, was reduced and among the cereals only oat and barley emerged at a rate 

greater than 80% of the control. At both oil contents, canola had the lowest tolerance of any 

annual crop (Table 1). In a second test fungicides were used to prevent soil-borne diseases and 
then oat was the only crop able to germinate and emerge at both soil oil contents while wheat 

emerged well at 2.2% oil and pea, which appeared so tolerant in the first test, was severely 

inhibited (data not shown). 

To further explore the issue of plant tolerance to oily residues, five annual crops with promising 

results from the greenhouse tests were evaluated under field conditions on the overoiled plots 

near Maidstone, SK in 1998. Analyses of soil samples, taken from these plots in spring 1988. 

indicated that oil contents in the top 10 cm averaged 2.1% (range 1.7 to 2.5%) in 02 and 4.6% 

(range 2.8 to 6.1%) in 01 plots prior to seeding the five subplots per plot. All yield data for grain 

86 

KEYANO COLLEGE 
LIBRARY 



and straw were averaged across the three fertilizer rates and are expressed as a percentage of the 

corresponding yield in the unoiled control plots (Table 2). The main conclusion from these 

results is that under field 

Table 2. Yield of five annual crops grown on ‘overoiled’ plots of Meota loamy sand in the 

drought of 1988 (i.e. 2 yrs after heavy oil sludge application). 

Avg. topsoil oil Relative yield (% of unoiled treatment)’ 
content in April 1988 

(%) Total biomass Grain Straw 

Barley 

oA 8 8 8 
4.6 0 0 0 

Oat 
2 150 Al 142 
4.6 4 6 3 

Pea 
| 0 0 0 
4.6 0 0 0 

Rye 
onl 2 2 2 
4.6 0 0 0 

Wheat 
pig 28 28 28 
4.6 0 0 0 

+ Each number is the mean of three replicates per treatment. 

conditions, oat was much more tolerant of oily residues than any of the other crops tested. At the 

lower oil content oat grain yield was actually increased by 71% over the control, but at 4.6% oil 

the yield was still 94% below the control. The only other crop that exhibited any reasonable 

tolerance of oily-residues was wheat. The failure of barley to tolerate these oily residues (Table 

2) was disappointing as the well known salt tolerance of this crop would enable it to cope well 

with the high salt concentrations found in soils following EOR sludge applications. Except for 

the remarkably greater oil tolerance by oat, the results from our greenhouse and field tests are 

generally consistent with previous studies in central Alberta showing canola to be very sensitive 

to oil, barley as quite sensitive and wheat as moderately tolerant (Toogood and McGill 1977). 

However, our findings strongly disagree with the oil tolerance ratings for selected crops reported 

from the southern US (Deuel 1990) which assign a higher level of tolerance to peas, clover and 

perennial grasses than to wheat and oat. 

Effect of Manure on Soil Properties 
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To be effective in restoring crop productivity to an oil-polluted soil, the application of manure 

must not only stimulate the microbial decomposition of oily residues but it must also improve the 

soil’s structure and render conditions more favorable for plant growth by reducing soil 

compaction, 

increasing aeration and tilth and by optimizing soil water and nutrient dynamics. The size 
distribution of aggregates is commonly used to assess soil structure and is recognized as a critical 

indicator of soil quality (Rasiah et al., 1997). In the overoiled Meota loamy sand, major soil 

physical properties such as stability of dry and wet aggregates, bulk density and hydraulic 

conductivity were markedly improved within four months and soil microbial population within 

three months of incorporating the well rotted manure (Table 3). In the unfertilized plots, 

manuring effected a 20% reduction of the erodible soil fraction, a 30% increase in mean size of 

waterstable aggregates, a 20% decrease in bulk density, 56% increase in potential rate of water 

movement and a 131% increase in the number of live bacteria. 

Our results tend to agree with studies on artificially eroded soils in that plots receiving manure 

have more waterstable aggregates than in check plots (Dormaar et al., 1988) and that the 

beneficial effects of manure in restoring soil productivity are much larger than those achieved 

with inorganic fertilizers (Larney and Janzen 1996). However, our soil analyses (Table 3) also 

indicate that the effectiveness of manure in improving soil conditions for plant growth generally 

decreased with increasing rates of previous fertilizations. This decrease can be attributed to the 

large total amounts of inorganic nutrients applied in two consecutive fertilizations (i.e. 900 kg N 

+ 206 kg P2Os5 + 144 kg S/ha in all F4 plots and half that in F2 plots) and to the length of time by 

which the fertilizations preceded the manure application (i.e. 31 and 13 months). Evidently these 

fertilizations provided sufficient nutrients to stimulate soil microbial growth and accelerate oil 

decomposition and and they also allowed plenty of time and created favorable conditions for the 

bioconversion of hydrocarbons into stable, soil structure-improving, humus. 

When manure is applied to unfertilized, oil-contaminated soil it will not only improve soil 

structure but will serve as a slow release source of various macro-and micronutrients for oil 

decomposing microbes and for crop growth. Thus the extent of reclamation effected with 

manure following an oil spill on farmland depends not only on the amount but also the type of 

manure being applied. In 
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reclamation studies at the University of Alberta (Toogood 1977) application of 9 t/ha of a cattle 

manure with low nutrient content failed to increase the yield of oats growing on oil-polluted soil 

in the greenhouse while addition of 12 t/ha of a N-rich chicken manure to soil from a spill site 

significantly increased microbial CO production when incubated in the laboratory. In our field 
study at Maidstone, SK a single manure application was very effective in improving soil 

structure and productivity (Tables 3, 4 and 5) because well rotted manure was used at a rate of 20 

t organic matter/ha which is similar to the manuring rates used by Dormaar et al. (1988) and by 

Larney and Janzen (1996) to successfully restore productivity in artificially eroded soils. 

Effect of Manure on Cereal Production 

Based on the results from our earlier greenhouse and field tests for the tolerance of various crops 

to residual oil we decided to plant the two most tolerant cereals, viz. oat and wheat, into the 

‘overoiled’ plots in spring 1990, i.e. one year after the manure application. Unfortunately, all 

plants had already suffered significant damage from predation by grasshoppers when both cereals 

were sampled at flowering stage, in late July. Yet the beneficial influence of manuring on 

emergence and vegetative growth could still be measured and was very evident according to the 

data in Table 4. In the unfertilized plots the manure treatment effected a 53% increase in plant 

density and a 150% increase in DM production of oats; the corresponding increases by wheat 

were 55% for stand density and 65% for biomass production. The effectiveness of the manure in 

improving cereal growth tended to decrease with increasing rates of previous fertilization (Table 

4), i.e. the same trend as observed earlier for manure effects on soil properties that are critical for 

plant development (cf. Table 3). However, even in fertilized plots the benefits of manuring were 

still strong. When averaged across all fertilizer treatments oats in overoiled, but manured plots 

had essentially the same plant density as in unoiled plots (218 vs 214) and produced only 29% 

less biomass (146 g/m? vs 206 g/m’). For wheat too plant density in manured plots was very 

similar to that in unoiled soil (177 vs 185) while DM production was only 12% less (98 g/m? vs 

112 g/m’). These comparisons with unoiled controls emphasize how effective a single manure 
application can be in restoring full crop productivity to a severely oil-polluted soil. Chemical 

analyses of the plant material indicated similar N contents on manured and unmanured plots, but 

P contents were consistently greater in cereal biomass from manured plots (data not shown). 

These increased plant P contents are corroborated by studies with eroded soil which have 

attributed part of the restorative ability of manures to improvements in the soil’s P-supplying 

power (Dormaar et al., 1988; Larney and Janzen 1996). 

In 1991, when oats were grown to maturity, the influence from the single manure application, 

two years earlier, on crop production in the oil-polluted soil was again highly beneficial. When 

averaged across fertilizer treatments manuring resulted in a 55% increase in plant density, a 70% 

increase in crop biomass and an 82% increase in grain yield relative to the unmanured plots 

(Table 5). However, in contrast to the results obtained in 1990, there was a significant positive 

interaction between manuring and earlier fertilizations in enhancing crop growth and particularly 
grain yield. It may be that the initial crop response to manuring of oil-polluted soil is affected 
primarily by the improvement in soil physical properties while subsequent crops will depend 
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increasingly on fertilization to produce optimum yields under the improved soil conditions. This 

corroborates the suggestion made by McGill during earlier oil spill studies (cf. Toogood 1977) 

that manure should 

always be used in conjunction with other fertilizers. On the manured, unfertilized plots plant 

density 

Table 4. Effect of amendment with manure on plant density and dry matter production of two 

cereals at flowering (July 26) in 1990 on heavy oil-polluted Meota loamy sand. 

Plant Density, Aboveground Dry Matter, 

Cereal type Oil (O) and Fertilizer plants/m? g/m? 

(F) treatment 
unmanured manured unmanured manured 

Oat 01FO' 179 273 60 150 
Oat 01F2 148 169 93 ay 

Oat 01F4 keh Piya Tad Oe 

Oat Average [5 218 a7. 146 

Wheat 01FO' 132 204 66 109 
Wheat 01F2 164 181 76 99 

Wheat 01F4 123 146 4] 85 

Wheat Average 140 te 61 98 

§ Average plant density and DM on corresponding unoiled, unfertilized and unmanured, i.e. 
OOFO, plots was 214 plants/m? and 206 g/m* for oats; and 185 plants/m* and 112 g/m? for 

wheat. 

was identical, biomass production was 8% more and grain yield was 32% higher than on the 

corresponding unoiled and unmanured plots (Table 5). This comparison proves that a single 

manure application was able to fully restore, within two years of soil amendment, the 

productivity for cereal grains on the oil-polluted Meota loamy sand. In a study of organic 

amendments to restore soil productivity of 01] well sites in central Alberta (Akinremi et al., 1999) 

composted cattle manure was superior to alfalfa hay, fresh cattle manure and wheat straw and 

was able to restore wheat yields within two years of soil incorporation. Our results also agree 

with studies on artificially eroded soils in southern Alberta which found that treatment with 

manures or manure plus fertilizer combinations 

Table 5. Effect of amendment with manure on plant density and production of oats at maturity 

(August 26) in 1991 on heavy oil-polluted Meota loamy sand. 

Oil (O) and Plant Density, Aboveground Plant Grain Yield, 

Fertilizer (F) plants/m* Dry Matter, kg/ha kg/ha 

9] 



unmanured manured unmanured manured unmanured manured 

01F0' 178 240 557] 7428 2524 3715 
01F2 98 229 3753 8487 1642 396] 
01F4 126 156 4870 8135 2206 3925 

Average 134 208 4731 8017 2124 3867 

Average plant density and production of oats on the corresponding unoiled, unfertilized and 

unmanured, i.e. OOFO, plots was 240 plants/m*, 6865 kg DM/ha and 2824 kg Grain/ha. 



essentially restored productivity within one or two years as measured by wheat yields 

(Dormaar et al., 1988; Larney and Janzen 1996). The effect of these soil amendments on 

grain quality had not been examined in the Alberta studies thus we analyzed the harvested 

oat grain for several quality characteristics. On previously fertilized plots there was no 

significant difference in protein content, kernel size and test weight between grain from 

manured and from unmanured treatments (data not shown). However on unfertilized 

plots manuring lowered the protein content by 9%, although the total quantity of grain 

protein harvested per unit area was still markedly increased with the 47% increase in 

grain yield (cf. Table 5), and manuring did increase the kernel mass by a remarkable 59% 

and the test weight by 86% over that of grain from the unmanured check (data not 

shown). 

These field study results lead us to conclude that amendment of the oil-polluted soil with 

a single application of old manure was highly effective in improving critical soil 

properties and in restoring soil productivity not only in terms of grain yield but also with 

regard to grain quality. 

ACKNOWLEDGEMENTS 

The authors acknowledge funding support for the field study from the Oil, Gas & Energy 

Division, Industrial Sectors Branch, Pollution Prevention Directorate, E. P. S., 

Environment Canada, under the Federal Program on Energy Research and Development 

(PERD). We thank Richard St. Jacques and Michael Peterson for their technical 

assistance. Finally, particular appreciation is expressed to W.A. (Bill) Stoughton, owner 
of the ‘Wonder Ranch’ near Maidstone, SK, for the use of his land and machinery and for 

providing the well-aged cattle manure for this bioremediation study. 

REFERENCES 

Akinremi, O.O., Larney, F.J., Lemke, R.L. and Klaassen, V. 1999. Effect of topsoil depth 

and organic amendments on productivity of oil well sites. Jn Perspectives in Land 

Reclamation and Restoration, Proceedings of Canadian Land Reclamation Ass’n 

Meeting, Saskatoon, Sk, September 28 to 30, 1999 (In Press). 

Biederbeck, V.O., Larney, F.J. and Eilers, R.B. 1997. Improvement of marginal farmland 

with effective use of urban, industrial and agricultural wastes. P. 1-26 Jn Proc. 40" 

Annual Manitoba Soc. Soil Science Meeting, Winnipeg, MB, January 21 & 22, 

1997. 

Biederbeck, V.O., St. Jacques, R.M., Curtin, D.. Geissler, H.J., Selles, F., Waddington, J. 

1993. Use of heavy oil waste sludge for protection and improvement of sandy soil. 

Publ. No. 379M0091, Report to Oil, Gas and Energy Div., Industrial Programs 

Branch, Environment Canada from Research Branch, Research Station, Agriculture 

Canada, Swift Current, SK, December 1993. 213 pp. 

a5 



Deuel, L.E., Jr. 1990. Evaluation of limiting constituents suggested for land disposal of 

exploration and production wastes. Pp. 411-430. Jn Proc. 1° Internat’] Symp. on Oil 
and Gas Explor’n and Prod’n Waste Management Practices. Sept. 10-13, 1990. 

New Orleans, LA. 

Dormaar, J.F., Lindwall, C.W. and Kozub, G.C. 1988. Effectiveness of manure and 

commercial fertilizer in restoring productivity of an artificially eroded Dark Brown 
Chernozemic soil under dryland conditions. Can. J. Soil Sci. 68: 669-679. 

Larney, F.J., and Janzen, H.H. 1996. Restoration of productivity to a de-surfaced soil 

with livestock manure, crop residue, and fertilizer amendments. Agron. J. 88: 921- 

D2 

McGill, W.B., Rowell, M.J. and Westlake, D.W.S. 1981. Biochemistry, ecology and 

microbiology of petroleum components in soil. pp. 229-296. In E.A. Paul and J.N. 

Ladd (Eds.). Soil Biochemistry, Marcel Dekker Inc., New York, NY. 

Rasiah, V., Biederbeck, V.O., Curtin, D., and Zentner, R.P. 1997. Parameterizing 

temporal changes in aggregation in a sludge amended soil. Soil Sci. Soc. Am. J. 61: 

579-585. 

Toogood, J.A. (ed.). 1997. The Reclamation of Agricultural Soils after Oil Spills. Part 

1: Research. Alberta Institute of Pedology Pub. No. M-77-11, Dept. of Soil Sci., 

University of Alberta, Edmonton, AB. 140 pp. 

Toogood, J.A. and McGill, W.B. (eds.). 1977. The Reclamation of Agricultural Soils 

after Oil Spills. Part 2: Extension. Alberta Institute of Pedology Pub. No. M-77-11, 

Dept. of Soil Sci., University of Alberta, Edmonton, AB. 45 pp. 

94 



l 

Perspectives in 
Land Reclamation and Restoration 

Presented by: 

---•~LAA__ 
~CASO-

Canadian Land Reclamation Association/ 
Association Canadienne De Rehabilitation Des Sites Degrades 

Including the Canadian Land Reclamation Association's 
24th Annual Meeting 

-t may be cited as: 

!ister, A.M. (compiler), I 999. Perspectives in land reclamation and restoration. 24th 

eeting of the Canadian Land Reclamation Association held jointly with the 
>'an Environmental Industry and Managers Association. Saskatoon. SK. I 75pp. 
-5927 



Conf ere nee Sponsors 

Platinum 
Department of Indian Affairs and Northern Development 

Diamond 
Prairie Farm Rehabilitation Administration 

Gold 
LUSCARLTD. 
COGEMA Resources Inc. 

Silver 
Aquaphyte Remediation 

Bronze 
MATRIX SOLUTIONS INC. 
Native Plant Society of Saskatchewan Inc. 
NOR WEST SOIL RESEARCH LTD. 
Saskatchewan Environment and Resource Management 

Iron 
Beulah Tee Ltd. 
CAN-AG ENTERPRISES LTD. 
Clifton Associates Ltd. 
Conor Pacific Environmental Technologies Inc. 
Enviro-Test Laboratories 

Organizing Sponsor 
Alberta Environmental Protection 
Nelson Dynes & Associates Inc. 
Northern EnviroSearch Ltd. 
Red Stone Environmental Inc. 
Saskatchewan Wheat Pool 
Stantec Consulting Ltd. 

11 



Conference Program I Table of Contents 
Monday, September 271h 

7:00 - 9:00 Registration Booth Open 

Tuesday, September 28th 

7:15 - 7:45 AM Registration 

7:45 - 8:00 AM Bus Loading from Saskatoon Inn Lobby 

8:00 AM Field Tour Departure (no delays) 

7:00 - 10:00 PM Wine and Cheese, Registration 

7:30 

8:00 - 8:05 

8:05 - 8:25 

8:25- 10:05 

8:25- 8:45 

8:45 - 9:05 

9:05 - 9:25 

9:25 -9:45 

9:45 - 10:05 

Wednesday, eptember 291h Page# 

Registration 

Introductory Remarks- Saskatchewan Room 'B' 
Tracy Patterson (CLRA) and Theresa Salamone (SEIMA) n/a 

Opening remarks from Saskatchewan Environment and 
Resource Management .............. ............................... . .......... n/a 

Saskatchewan Policy - Saskatchewan Room 'B' 
Session Chair: Lome Veitch - Saskatchewan Agriculture and 

Food, Lands Branch, Swift Current 

Drilling waste management guidelines. 
Todd Han, Sa katchewan Energy and Mines ........................ n/a 

Saskatchewan upstream petroleum sites remediation guidelines. 
Todd Han, Saskatchewan Energy and Mines........................ n/a 

urface lease policy and eismic activity on agricultural Crown 
Lands. 

Wilf Pyle, askatchewan Agriculture and Food ................... 2 

Lease conditions and restoration criteria on Saskatchewan 
Agriculture and Food Crown Land. 

Todd Jorgenson, askatchewan Agriculture and Food ......... 12 

Environmental liability and contaminat d site management in 
Saskatchewan. 

Victor hang. a katchewan Environment and Resourc 
Management ............ .... ........ ..... .... ........... ..... ..... . . . ........ .. .. . . . .. 14 

J 0:05 - 10:30 Refreshment 



10:30-12: 10 Concurrent Sessions 

Session A: Remediatioo - Saskatchewan Room 'A· 
Session Chair: Darlene Howat - Department of Renewable 

Resources, University of Alberta 

I 0:30- 10:50 Bioremedial options. 
Allan Jobson, StanTec ........................................................... 46 

I 0:50 - 11: 10 ln-situ biodegradation of ethanol-amine in low permeability soils. 
Stuart Lunn and Ron Goodman, Esso. ............... ............. ...... 48 

11: l 0 - 11 :30 Yield and nutrient uptake of wheat on oi l well sites: effects of 
topsoil depth and organic amendments 

Akinremi, 0.0., Lethbridge Research Centre; F.J. Lamey, 
Semi-Arid Prairie Agriculture Research Station: R.L. 
Lemke, Semi-Arid Prairie Agriculture Research Station; 
and V. Klaassen, PanCanadian Petroleum Ltd...................... 161 

1 I :30 - 11 :50 Investigation of microbial bioremediation in a gold mill tailings 
pond. 

Carl Paton, Cameco Corporation and Ram D. Mehta, 
Prairie Biological Research Ltd ........................................... 71 

11 :50 - 12: I O Use of crop selection and cattle manure to bioremediate a heavy 
oil-polluted loamy sand for grain production. 

Bix Biederbeck, Agriculture and Agri-Food Canada ............ 82 

Session B: Revegetation and the ESSA - Saskatchewan Room 'C' 
Session Chair: Suzanne Gill - Alberta Agriculture, Food, and 

Rural Development, Public Lands Branch 

I 0:30 - 10:50 Native prairie revegetation on well sites in southeastern Alberta. 
Etienne Soloudre and M. Anne Naeth, and Andy 
Hammermeister, University of Alberta................................. l 06 

10:50- 11: 10 Vegetat ion characteristics on a pipeline right-of-way twelve years 
after construction in Southern Alberta. 

Kelly Ostennann, University of Alberta............................... I 09 

11: I 0 - 1 I :30 Bioengineering and reclamation to stabilize a lakeshore slope. 
Jim Schaefer, University of Alberta ...................................... 112 

11 :30 - 11 :50 Restoration based on ecological function: grazing management in 
an endangered Australian ecosystem. 

Kim Allcock, David Board. David Hik, Alan Newsome. 
Roger Pech CSlRO Wildlife and Ecology. Australia. and 
University of Alberta ............................................................. 146 

I 1 :50 - 12: I 0 Employment Futures: What does Environmental Science Student 
Association have to offer? 

Margaret Wilson, Un iversity of Saskatchewan ..................... 157 



12:10-1:45 

1 :45- 3:25 

Session C: 

1 :45 - 2:05 

2:05-2:25 

2:25 -2:45 

2:45 -3:05 

3:05-3:25 

Session D: 

I :45 - 2:05 

2:05-2:25 

2:25 - 2:45 

2:45 - 3:05 

3:05 - 3:25 

Lunch~ - Saskatchewan Room 'B' 

Concurrent Sessions 

Native Plants and Revegetation - Saskatchewan Room 'A' 
Session Chair: Anne Naeth - Department of Renewable 

Resources, University of Alberta 

Relative performance of native prairie grasses and forbs for 
revegetation of a pipeline disturbance on native prairie. 

David Walker, Walker and Associates ................................... 126 

Revegetation of wellsite disturbances on Fescue Prairie in east­
central Alberta. 

Jay Woosaree, Alberta Research Council .............................. 118 

The evolving native plant industry in Saskatchewan. 
Nora Stewart and Andy Hammermeister, Native Plant 
Society of Saskatchewan........................................................ I 15 

Cameco, Key Lake regreening project, in harmony with nature -
( 197 8-1999 & beyond). 

Lotfi Haji, Cameco....................... ......................................... n/a 

Rare Plant Rescue During Pipeline Construction (Erigeron 
compositus Pursh. var. glabrarus Macoun, Fem-leaf Fleabane on 
the 1998 Foothills Pipe Lines Expansion Project.) 

David Walker, Walker and Associates ................................... n/a 

Soils and Restoration- Saskatchewan Room 'C' 
Session Chair: Mike Solohub - Department of Soil Science, 

University of Saskatchewan 

Soil information resources for the prairies. 
Alvin Anderson and Glenn Padbury, Agriculture and 
Agri-Food Canada .................................................................. n/a 

Setting reclamation standards: When is soil decompacted? 
Richard Johnson, Alberta Research Council... ....................... 175 

Using oily waste to restore productivity in a severely eroded 
loamy sand. 

M.C.P. Jarvis1
•
3
, V.O. Biederbeck2

• K.G. Hanson2, T.A. 
Fonstad3 

;
1 Imperial Oil Resources. 2 Semiarid Prairie 

Agricultural Center. and 3
, University of Saskatchewan ...... 68 

Remediation of potash slime tails through use of cross-linked 
polyacrylamide hydrogel. 

Kathleen Cameron. University of Saskatchewan.................. 169 

Fifteen years of subsoil/mine spoil development on a 



3:25 - 4:00 

4:00 

5:30 - 6:30 

6:30 

8:10 - 8:15 

8:15- 10:00 

8:15 - 8:35 

reconstructed profile. 
Danielle Bailey and Donald Pluth. University of Alberta..... l 74 

Refreshments 

CLRA National Annual General Meeting - Sask. Room •c· 

Cocktail Hour - Saskatchewan Room 'B' 

Banquet and Awards - Saskatchewan Room ' 8 ' 

Awards 

Banquet Presentation: New forms of work organization in the 
Canadian mining industry. 

Dr. Bob Russell, Department of Sociology, University of 
Saskatchewan .. ... ... .. .. . .. .. ...... .. ..... ... . . . .. . . .. .. .. . ... . . .. . .. ... . ... . .. ..... n/a 

Thursda , Sc tembcr 30th 

Announcements 

Alberta Policy - Saskatchewan Room 'B' 
Session Chair: Steven Deugau - Knox Resources Inc. 

Development and status of rec lamation certification criteria in 
Alberta. 

Chris Powter, Alberta Environmental Protection.................. J 8 

8:35 - 8:55 Pipeline reclamation certificat ion standards - a capability 
assessment approach. 

Al Fedkenheuer. TransCanada Transmission Ltd ................. 24 

8:55 - 9:15 Alberta's new native plant guidelines. 
Heather Gerling, Alta. Agric. Food and Rural Dev. ............. 3 I 

9: 15 - 9:35 Alberta's orphan well program. 
Pat Foo, Alberta Energy and Uti lities Board ........................ 39 

9:35 - 9:55 Qualified reclamation practitioners in Alberta . 
David Lloyd, Alberta Env ironmental Protection .................. 40 

9:55 - 10:30 Refreshments 

I0:30 - 12:00 Focus Sessions (Plenary) - Saskatchewan Room ' B' 
Session Chair: Kerby Loewen - Prairie Seeds Joe. 

10:30-1 1: l:- l)TheGreat Sandhil l!i 
Planning and development authority for askatchewan R ural 
Municipalities and planning districts. 

Ralph Leibel , Saskatchewan Municipal Government........... I 28 



Use of ecological management planning in Western Saskatchewan 
Wayne Pepper and Jim Ireland, ERIN Consulting Ltd .......... 136 

11: 15 - 12:00 2) Focus Session - Legal Considerations in the Environmental 

12:00-1:30 

l :30 - 3:10 

Session A: 

1 :30- 1 :50 

1 :50 - 2: 10 

2:10 - 2:30 

2:30 - 2:50 

2:50-3:]0 

Session B: 

1 :30 - l :50 

1:50-2:10 

Sector 
Julian Bodnar, Barrister and Solicitor (Stevenson Gillis 
Hjelte Tangjerd) ..................................................................... n/a 

Gary Meschislmick. Barristor and Solicitor Wallace 
Meschishnick Clackson Zawada ........................................... n/a 

Lunch-Saskatchewan Room 'A' 

Concurrent Sessions 

Remediatioo - Saskatchewan Room 'C' 
Session Chair: Lisa Groves - EnviroTest Labs 

Phytoremediation as an in-situ technique for the restoration of oil­
contaminated sites. 

C.M. Frick, J.J. Gennida, and R.E. Farrell, University of 
Saskatchewan ......................................................................... 95 

Integration of toxicity testing and chemical analyses for site 
assessment and remediation. 

Deib Birkholz, Enviro-Test Laboratories and Stephen 
Goudey, HydroQual Laboritories Ltd .................................... 98 

Evaluating soil amendments for brine spill remediation. 
Ken Greer, Western Ag. Consulting and Jeff Schoenau, 
University of Saskatchewan ................................................... n/a 

Decommissioning and reclamation of an abandoned herbicide 
plant. 

Ralph Bock, Saskatchewan Environment and Resource 
Management.......................................................................... n/a 

Surface water management with the Little River Pond Mill. 
Kathleen Cameron, Sunset Solar Systems Ltd ....................... 99 

Ecosystem Restoration - Saskatchewan Room 'B' 
Session Chair: Corinne Tchorzewski Saskatchewan 

Environment and Resource Management. 
Sustainable Land Management Branch 

Physical restoration of the Kingsmere River in Prince Albert 
National Park. 

Michael Fitzsimmons, Prince Albert National Park and 
Guy Melville. Saskatchewan Research Council................... 138 

Fire management for Prince Albert National Park - planned and 
random ignition prescribed burns. 



2:10-2:30 

2:30-2:50 

2:50-3:10 

3:10-3:30 

3:30- 4:40 

3:30-3:50 

3:50-4:10 

4: 10-4:30 

4:30-4:40 

Jeff Weir, Prince Albert National Park................................. 141 

Ecosystem management applied to riparian and aquatic habitat 
restoration. 

Karl Lauten, Saskatchewan Environment and Resource 
Management . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . .. . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . .. . . . .. . 144 

Working relationship of SERM and industry in the West Boreal 
EcoRegion of Saskatchewan. 

Randy Slater, Saskatchewan Environment and Resource 
Management; Stan McBride, Wascana; and Shawn 
Daschuk, NESL........ .......... ......... ... ...... .. ... .. ........... ... .. .. . . . .. .. . n/a 

Composite Tailings (CT) reclamation research & development at 
Syncrude Canada Limited's oilsands mining operation. 

Clara Qualizza, Syncrude Canada Ltd. .......................... ...... n/a 

Refreshments 

Social and Forestry Issues - Plenary - Sask. Room 'B' 
Session Chair: Sheila Lamont - Saskatchewan Conservation Data 
Centre 

Ecosystem based management in El Salvador. 
Jim Ireland and Wayne Pepper, ERIN Consulting Ltd......... 154 

Public participation in a multi-stakeholder process. 
Mark Liskowich, Northern Mines Monitoring Secretariat... 156 

Innovative regeneration applications to reclaim harvested sites in 
the boreal forest. 

Derek Sidders. Canadian Forest Service............................... n/a 

Closing Remarks - Saskatchewan Room 'B' 




