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Summary of progress towards overall project objectives and deliverables:

1. to evaluate soil conditions, tree survival and growth for reclaimed well sites, seismic lines and access roads, in comparison to undisturbed areas.

Deliverable: raw data, data summaries, and graphs 

overall progress: data collected; summarized in this report

2. to describe the relationship between soil conditions and plant growth on reclaimed and undisturbed sites 

Deliverable: statistical analysis, tables, charts and graphs, journal publication 

overall progress: interpretations presented here, journal article planned for 2003.

3. to provide information to government agencies, oil and gas companies and other parties interested in reclamation of oil and gas disturbances.

Deliverable: final report;  presentation at the Canadian Land Reclamation Association 2002 conference; site visits to co-operators; field trip if there is interest 

overall progress: presentation Sept 2002 to CLRA conference in Dawson Creek

4. to establish long-term plots suitable for future measurements

Deliverable: field markings for all plots and a complete set of plot maps and records.

overall progress: plots have been marked; GPS co-ordinates; good maps prepared

Summary of progress towards milestones for the first year:

SYMBOL 183 \f "Symbol" \s 10 \h  working plan, dataframe development, study site locations

Progress: completed

SYMBOL 183 \f "Symbol" \s 10 \h  field data collected and summarized, photographs of site and soil conditions

Progress: 1st year field data collected; some photographs

SYMBOL 183 \f "Symbol" \s 10 \h  soil samples collected, and preliminary evaluations of soil based methods

Progress: 100 soil samples collected, laboratory analysis is underway

SYMBOL 183 \f "Symbol" \s 10 \h  preliminary report comparing growth on rehabilitated and undisturbed soils

Progress: completed

Summary of progress towards milestones for the second year:

· additional site visits to extend the results to some new areas

Progress: we revisited existing sites to obtain more detailed measurements and to obtain addition growth information, rather than working on new areas

· more detailed evaluation of soil based methods for predicting productivity

Progress: completed

· presentations to industry and scientific conferences, papers published in an appropriate forum
Progress: CLRA conference 2002; Fort St John May 2003 (planned);  Oil and Gas 2003 Dawson Creek (planned); manuscript in preparation based on information in this report

Introduction:

We identified 29 reclaimed well sites that were planted between 1994 and 1999, and we visited 27 of them. Three well sites had been re-used and 5 additional ones had no trees present, so these were discarded from the detailed study. The remaining nineteen well sites were evaluated for tree growth and soil conditions. A complete list of the well sites is presented in Appendix 1, along with a map showing the locations of the sites in the BWBS.

Field and laboratory methods:

For each sampled well site, GPS co-ordinates were obtained, a map was drawn (Figure 1), and five sample subplots were laid out in random locations. Circular, 0.005 ha subplots were established to evaluate stocking and growth of planted trees. At each subplot, we also collected detailed information on vegetation cover, ecological and soil conditions. Interpretations presented in this final report are based on updated field data, which were collected during additional site visits in year 2. Soil samples were collected from the surface (0 - 7 cm) layer using a 0.5 l core. Samples were dried, weighed and sieved to determine total (TBD) and fine-fraction (< 2 mm) bulk density (FBD). Soil texture was determined using the hydrometer method. Samples of the fine fraction were sent to the Ministry of Forests analytical laboratory in Victoria for analysis of total C, N and S, pH, mineralizable N, exchangeable Ca, Mg, K, Fe, Mn, Al, and Na, total CEC, extractable P, and electrical conductivity.

More detailed soil physical analyses were also carried out during the second year of our project. These measurements included soil mechanical resistance, determined with a RIMIK recording cone penetrometer (Agridry Rimik PTY Ltd., Toowoomba, Queensland, Australia). The RIMIK penetrometer had a  30o cone with 1.3 cm basal diameter, and was capable of recording soil mechanical resistance on a continuous basis to a depth of 40 cm. We also used a smaller cone penetrometer (called the “minipenetrometer”) that consisted of a handheld force gauge (HFG 44 model; Transducer techniques Inc.; Temecula, Calif.) attached to a 6 cm shaft ending in a 30o cone with 4 mm basal diameter. The minipenetrometer was inserted horizontally into the side of a small excavation, and recorded soil mechanical resistance at a single depth (10 cm). Soil mechanical resistance was determined on four occasions during the 2002 growing season, and simultaneous determinations of soil water content were carried out using either a theta probe (Delta T Devices, 1999) or by gravimetric analysis of samples collected with a 20cm long sampling tube. 

We also collected 35 litre soil samples for determination of the maximum bulk density (MBD) using the standard Proctor compaction test ASTM  D698-00a (ASTM, 2000). The compaction test was either carried out on samples that had been passed through a 2 mm sieve, or on samples that were passed through a 4.75 mm sieve, with subsequent determination of coarse fragments present in the sample. All results for MBD, and subsequent calculations of the relative bulk density (RBD = FBD / MBD) are reported on a fine fraction basis. Total carbon was determined on all samples used for the determination of MBD. Regression analysis of the difference between carbon content of the field sample and of the Proctor sample was used to normalize the values for RBD, i.e. for the calculation of adjusted RBD).

Figure 1. Example of subplot establishment map for reclaimed and planted well site. (Original map is at 1:1000, but this image has been reduced)
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Results

The practicality of replanting well sites

Field staff responsible for reclaiming oil and gas sites have expressed concern over the likelihood that reclaimed sites would be re-used, thereby wasting the effort and expense of rehabilitation. Our survey of 27 sites (Figure 2) in the Dawson Creek area revealed that 3 sites (11.1 %) had been re-used by drilling rigs, while an additional site was re-used as a forest landing. Two of the well sites that were re-used had trees present during a 1999 visit by Dawson Creek field staff.

Figure 2. Status of 27 reclaimed well sites in the Dawson Creek Forest District.
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The success of reforestation efforts

Soil conditions

None of the sites had any forest floor development, and only minor amounts of coarse woody debris were encountered during sampling.

The majority of the sites we sampled were loamy in texture (Figure 3). Clay content for the sampled sites ranged from 0-40 percent, and bulk density from 594 to 1803 kg/m3 (Figure 4). For the rehabilitated well sites, there was a trend towards increasing bulk density for soils with higher clay content. In undisturbed surface soils, the opposite trend is expected (Brady, 1984), where soils with high clay content tend to have lower bulk density. The expected trend can be partly attributed to a higher organic matter content which is typical for clay rich soils. For our disturbed soils, which may have originated below the root zone in many cases, there was a weak trend towards a reduction in soil C content with an increase in clay content C (Figure 5). In our study, bulk density and total C display the expected trend towards increasing C content leading to reduced soil bulk density (Figure 6).

Figure 3. Texture class for rehabilitated well site soils.
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Figure 4. Clay content and bulk density of rehabilitated well site soils.
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Figure 5. Relationship between clay content and total C for rehabilitated well site soils.
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Figure 6. Effect of carbon content on bulk density for  rehabilitated well site soils.
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Bulk density for the rehabilitated well site soils were similar to values obtained by Bulmer and Krzic (2003) on rehabilitated landings and undisturbed plantation soils in the Dawson Creek area (Figure 7). Maximum bulk density (Table 2) ranged from 1359 to 1906 kg m-3, and tended to be lower for samples with higher carbon contents. Critical water content (CWC) was higher for soils with high organic matter content, and ranged from 10.8 to 27.5 % (Table 2). The CWC is the value where the soil is most susceptible to compaction. 

Figure 7. Bulk density of rehabilitated well site soils, in comparison to soils on rehabilitated landings and undisturbed forest plantations in north east BC. Error bars represent 95 percent confidence intervals. No error bar is presented for the well site soils, but the interval is expected to be similar.
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Table 2. Soil physical properties for rehabilitated well site soils, showing the maximum bulk density of the fine fraction (MBD ff), critical water content (CWC), total C for the Proctor sample (C pr), fine fraction bulk density of the field soil (BD ff), total C content of the fine fraction for the field soil (C fbd), relative bulk density (RBD), difference in C between the Proctor sample and the field sample (C diff), and the adjusted RBD.

	
	MBD ff
	CWC
	C pr
	BD ff
	C fbd
	RBD
	C diff
	adj RBD

	a63e-1
	1794
	12.2
	1.230
	1648
	1.32
	0.92
	0.1
	0.92

	
	
	
	
	
	
	
	
	

	a81g-1
	1726
	17.6
	1.420
	1445
	1.26
	0.84
	-0.2
	0.83

	a81g-2
	1795
	14.8
	1.480
	1662
	1.19
	0.93
	-0.3
	0.91

	a81g-3
	1770
	17.0
	1.170
	1376
	1.19
	0.78
	0.0
	0.78

	a81g-4
	1688
	14.0
	1.550
	1571
	1.31
	0.93
	-0.2
	0.91

	a81g-5
	1785
	14.8
	1.390
	1330
	1.62
	0.75
	0.2
	0.76

	
	
	
	
	
	
	
	
	

	b50l-1
	1395
	25.5
	5.100
	869
	3.84
	0.62
	
	0.62

	b50l-2
	1708
	16.3
	1.760
	1339
	1.45
	0.78
	-0.3
	0.76

	b50l-3
	1850
	11.8
	1.370
	1347
	1.41
	0.73
	0.0
	0.73

	b50l-4
	1906
	10.8
	1.020
	1389
	1.13
	0.73
	0.1
	0.74

	b50l-5
	1801
	13.5
	1.030
	1065
	3.10
	0.59
	2.1
	0.74

	
	
	
	
	
	
	
	
	

	b82j-1
	1677
	15.8
	2.550
	1207
	1.98
	0.72
	-0.6
	0.68

	b82j-2
	1633
	18.8
	2.260
	828
	6.02
	0.51
	3.8
	0.77

	b82j-3
	1774
	14.1
	2.150
	1678
	1.94
	0.95
	-0.2
	0.93

	b82j-4
	1771
	12.4
	1.310
	1013
	4.85
	0.57
	3.5
	0.82

	b82j-5
	1671
	18.5
	1.930
	776
	6.13
	0.46
	4.2
	0.76

	
	
	
	
	
	
	
	
	

	c25a-1
	1807
	14.0
	1.180
	1231
	1.17
	0.68
	0.0
	0.68

	c25a-2
	1757
	15.8
	1.480
	1336
	1.57
	0.76
	0.1
	0.77

	c25a-3
	1806
	14.8
	1.180
	1520
	1.19
	0.84
	0.0
	0.84

	c25a-4
	1813
	15.4
	0.831
	1255
	1.11
	0.69
	0.3
	0.71

	c25a-5
	1755
	15.5
	1.690
	1521
	1.30
	0.87
	-0.4
	0.84

	
	
	
	
	
	
	
	
	

	c54h-1
	1665
	18.4
	1.730
	1292
	1.81
	0.78
	0.1
	0.78

	c54h-2
	1359
	27.7
	3.930
	1267
	1.97
	0.93
	-2.0
	0.80

	c54h-3
	1580
	22.4
	3.010
	1400
	1.43
	0.89
	-1.6
	0.78

	c54h-4
	1657
	18.5
	1.320
	1464
	1.36
	0.88
	0.0
	0.89

	c54h-5
	1584
	21.5
	3.080
	1281
	1.30
	0.81
	-1.8
	0.68

	
	
	
	
	
	
	
	
	

	d91h-1
	1701
	18.0
	2.070
	1468
	1.25
	0.86
	-0.8
	0.81

	d91h-2
	1694
	17.7
	0.937
	1321
	1.24
	0.78
	0.3
	0.80

	d91h-3
	1610
	20.5
	2.390
	1363
	1.49
	0.85
	-0.9
	0.78

	d91h-4
	1612
	20.2
	1.080
	1279
	1.25
	0.79
	0.2
	0.81

	d91h-5
	1627
	20.4
	0.724
	1542
	1.03
	0.95
	0.3
	0.97

	
	
	
	
	
	
	
	
	

	d95d-1
	1785
	14.4
	1.350
	1309
	3.04
	0.73
	1.7
	0.85

	d95d-2
	1787
	13.2
	1.380
	1133
	2.74
	0.63
	1.4
	0.73

	d95d-3
	1821
	12.5
	1.040
	1399
	2.57
	0.77
	1.5
	0.88

	d95d-4
	1884
	12.8
	1.070
	1328
	2.82
	0.70
	1.8
	0.83

	d95d-5
	1637
	18.7
	0.906
	1084
	3.37
	0.66
	2.5
	0.83


Because of the strong effect of total C on MBD and RBD (Figures 8, 9), we used the slope of the line in Figure 9 to adjust RBD based on the carbon difference (C diff = C content of field soil – C content of Proctor sample). Adjusted RBD is considered to reflect the “true” value of RBD (i.e. the RBD that would have been determined if C contents of the Proctor sample and the field sample were equal). Adjusted RBD ranged from 0.62 to 0.97 (Table 2). Carter (1990) showed that RBD values above 0.85 were associated with reduced crop yields in agricultural soil with sandy loam texture. In our study, only 18 percent of the samples had adjusted RBD values higher than 0.85, while 32 percent of samples had values in the intermediate range of 0.78 to 0.85 (Figure 10). These results suggest that, for many of the areas we visited, soil physical conditions are within the range where productive growth could be expected.

Figure 8. Relationship between carbon and maximum bulk density.
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Figure 9. Relationship between carbon difference and RBD.
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Figure 10. Distribution of RBD for well site soils.
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Soil mechanical resistance was lowest in spring, increased to maximum values in July, and declined again in the fall (Figure 11). This pattern of increasing, then decreasing soil mechanical resistance was observed in other studies in BC (Bulmer and Krzic, 2003), and reflects changes in soil moisture content during the growing season. Variation in soil mechanical resistance and water content are described for surface soils in Figure 12 for a single well site, showing that the high values of mechanical resistance were generally associated with dry soils. Average values of soil mechanical resistance obtained with the minipenetrometer (Figure 12) tend to be higher than those obtained with the RIMIK because the minipenetrometer is capable of recording higher values (up to approx. 8000 kPa) than the RIMIK (maximum value of approx 4500 kPa). The trend for both instruments is similar. 

Figure 13 illustrates relationships on the effect of soil water content and bulk density on soil mechanical resistance obtained with the minipenetrometer. In June, when the soils were wet, bulk density had a greater influence on soil mechanical resistance than it did in July, when changes in water content were more closely related to changes in soil mechanical resistance. A threshold of 2500 kPa is thought to represent the maximum value for soil mechanical resistance where  growing plant roots are capable of penetrating the soil.

Figure 11. Soil mechanical resistance recorded using the RIMIK penetrometer.
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Figure 12. Relationship between volumetric water content and soil mechanical resistance recorded using the RIMIK penetrometer(a) compared to the minipenetrometer.
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Figure 13. Relationship between volumetric water content, bulk density and soil mechanical resistance recorded using the minipenetrometer.
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[image: image19.wmf]All subplots: July minipen
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   [image: image20.wmf]All subplots: July minipen
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Soil chemical conditions are presented in Table 3. Soil nutrient status for the reclaimed well sites does not appear to be significantly different than for rehabilitated landings and forest plantations on similar site types in the BWBS. Soil electrical conductivity on well sites was within the range where healthy root growth is expected.

Table 3. Chemical properties of rehabilitated well site soils. (95 percent confidence intervals are shown in brackets)
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Stocking and tree growth

Stocking levels were often below 600 stems per hectare (Figure 14), which is often considered a minimum level for successful forest establishment. Subplots with hydric, subhydric, hygric moisture regime appeared to have generally lower stocking levels than subplots with mesic and subxeric moisture regime. Lower stocking levels and reduced establishment success has also been observed on rehabilitated forest landings with wet site conditions. Although minor differences were observed between stocking rates for sites within the ESSF and BWBS biogeoclimatic zones (Figure 15), the small number of sites in the ESSF make it difficult to draw reliable conclusions about differences in forest establishment between the two zones.

Figure 14. Stocking levels for well sites by moisture regime.
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Figure 15. Stocking levels for well sites in the BWBS compared to well sites in the ESSF.
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Average stocking levels (Fig. 16) and tree growth rates (Fig. 17) for well sites appear to be lower than for rehabilitated forest landings and undisturbed plantations, which were measured as part of a companion project funded by Forest Renewal BC. Two well sites that had no trees present in 2002 were stocked in 1999 during a preliminary site visit carried out by field personnel from the Dawson Creek Forest District, indicating that seedling mortality can occur for several years following planting. During our site visits in the summer of 2001, we observed several examples of severe seedling damage caused by winter desiccation. In addition to reduced stocking success for subplots with wetter site conditions, growth rates were also slower for wetter sites (Figure 18)

Figure 16. Stocking levels for well sites in comparison to rehabilitated forest landings (mesic sites in the BWBS only).
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Figure 18. Tree heights for well sites planted in 1994, by moisture regime. Error bars represent 95 % confidence interval of the mean.

[image: image25.wmf]BWBS wellsites planted 1994

0

40

80

120

160

subhydric

hygric

subhygric

mesic

subxeric

Total height cm


Factors affecting seedling establishment and growth

For each subplot, we used regression analysis to evaluate a number of factors that may have affected survival and early growth of planted trees, including clay content, bulk density, depth of loose soil, and grass cover. Many of the relationships we observed were weak or non-existent, perhaps because of confounding combinations of factors on the plots, insufficient sample size, or simply a high degree of variation in the results. Some examples are presented in Figures 19 to 23, where tree height and stocking levels are compared with clay content, bulk density, and relative bulk density in the surface soils. The poor relationship we observed for clay content is in contrast to other studies that have found sites with clay contents above ca 20% often display reduced reforestation success (Bulmer et al. 2002). We also did not see a consistent relationship between soil bulk density and seedling establishment success or growth. 

Neither bulk density or relative bulk density showed a consistent trend with tree growth. For most of the well sites, the adjusted relative bulk density was within the range where productive tree growth was expected (i.e. below 0.85). For one site (D91H), however, relative bulk density was over 90 percent, yet the site was well stocked and trees were growing very well. The reason for this anomalous response was not clear.

Figure 19. Tree heights compared to clay content for BWBS sites planted in 1994.

[image: image26.wmf]BWBS: planted 1994

0

50

100

150

200

0.0

10.0

20.0

30.0

40.0

50.0

Clay content %

Tree height 4 yrs (cm)

c25a

b50l

d91h


Figure 20. Tree heights in comparison to bulk density for BWBS sites planted in 1994. 
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Figure 21. Stocking compared to adjusted relative bulk  density for BWBS sites planted in 1994.
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Figure 22. Tree heights compared to adjusted relative bulk density for BWBS sites planted in 1994.
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Seeding and fertilization contributed to vigorous growth of grass and legume cover crops on some sites. Although herbaceous vegetation did not appear to affect survival on most sites (Figure 23), we observed a weak trend towards reduced tree growth on sites with extensive competition  (Figure 24)

Figure 23. Stocking for sites with different levels of vegetative competition for BWBS sites planted in 1994. CI1 represents the lowest competition intensity; CI4 is the highest level of competition.
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Figure 24. Growth rates for sites with different levels of vegetative competition for BWBS sites planted in 1994. CI1 represents the lowest competition intensity; CI4 is the highest level of competition.
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Examples of factors affecting survival and growth on individual sites

Figure 25. Modest seedling performance on WA 7142 (a3b - plot 606), resulting partly from grass competition and from wet site conditions.
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Figure 26. Excavated cutslope on well site WA7177 (b62k – plot 609). Construction and reclamation techniques have a large influence on final site conditions. In this example, water draining from the base of the cutslope contributes to wet site conditions and poor stocking on portions of this site. Reclamation techniques that involved slope restoration, or more extensive drainage control may have improved site conditions and tree growth response.

[image: image33.jpg]



Figure 27. Excellent tree survival and growth on WA 7473 (c12k - plot 610), which has a high coarse fragment content and medium- to coarse- textured soil.
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Figure 28. Poor seedling performance on WA 8104 (d10f – Plot 616), where wet site conditions were not suitable for planted pine. Note the presence of black spruce in the background. This plot illustrates the need for ecological site information to be incorporated into the planning process. The site should have been planted to spruce, and perhaps mounding site preparation would also have improved the success.
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Figure 29. Patchy distribution of cover crop on WA 8750 (c25a – plot 615), and the associated effect on tree growth. Portions of the lease (middle portion of the image) where cover species were less vigorous coincided with much better tree growth than where vigorous growth of the cover crop occurred (foreground). When erosion is not a serious concern, and other benefits of grass seeding are not needed, consider either not seeding, or use only low growing species to reduce competition with planted seedlings.
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Discussion and management implications

Retrospective studies, which look at existing examples of rehabilitation, can deliver results more quickly than experimental approaches that require the installation of treatment areas. However, the conclusions that can be drawn are sometimes limited because retrospective studies often lack detailed information on initial conditions for the sites, and it can be difficult to locate reliable control plots. Results from this research project, when considered in view of results from similar projects, provide useful information to improve attempts to reclaim and reforest disturbed oil and gas sites. 

Our broad conclusions regarding factors affecting survival and growth, including the effect of site moisture regime on seedling establishment and growth appear to be in agreement with results from other studies. The more detailed evaluations of soil conditions such as bulk density, clay content, etc., along with the ecological descriptions of vegetation cover, appear at this time to have limited predictive ability, and may be most useful for identifying groups of sites with similar conditions. The high levels of site to site variability and the numerous interacting factors affecting tree growth are the likely cause of poor predictive ability from such measurements. These evaluations have been particularly useful, however for illustrating that many of the important features of the reclaimed wellsites, including texture, bulk density, and nutrient levels, are not substantially different from rehabilitated forest landings in the area, where reforestation success was better.

The practicality of replanting well sites

Concern has been expressed over the likelihood that reclaimed sites would be re-used, thereby wasting the effort and expense of rehabilitation. Approximately 15 percent of sites that were rehabilitated had been re-used within 8 years. In reclamation work involving soil decompaction, fertilization, grass seeding, and tree planting operations, the cost associated with tree planting ranges from approximately 35 – 50 percent of the total cost for reclamation, or $1500 – $2000 per hectare. Our results suggest that these efforts will often be rewarded with successful forest establishment. Success could likely be further improved through improved revegetation prescriptions that consider appropriate tree species and the interaction of cover crops and trees. Rehabilitation achievements can also likely be improved through topsoil conservation and re-use particularly on sites of high value. Compared to simpler revegetation strategies like grass seeding, the additional expense of planting trees is substantial, and not justified for all sites, especially where the potential for re-use is high. However, where soil and site conditions are suitable, and where future needs of the site can be predicted with some reliability, tree planting appears to be a useful technique that would enhance environmental values over the long term.

The success of reforestation efforts

Physical site factors

Our results indicate that the best chance for successful reforestation with lodgepole pine  occurs on mesic and subxeric sites. Well site construction and reclamation techniques can have a large influence on the moisture regime experienced by planted trees. Incorporating drainage into reclaimed areas is necessary to ensure restoration of site hydrology as it affects erosion potential and water movement, and should also be considered from the perspective of providing a suitable site for trees, if reforestation is a reclamation goal. 

Although our results were inconclusive regarding the influence of clay content on reforestation success, a large body of information gathered throughout BC indicates that coarse textured soils can be returned to productivity with simple techniques like decompaction and tree planting, whereas finer textured soils are more difficult to restore. Soil bulk density was not well correlated with tree growth, suggesting that either values were below growth-limiting thresholds, or other factors were obscuring any trend. Our evaluations of the relative bulk density for many of the sites showed that the reclaimed well site soils generally were within the range where productive tree growth was expected.

Values for mechanical soil resistance were below growth-limiting thresholds in the early part of the growing season, but appeared to exceed such thresholds in July on several sites. The trend in soil mechanical resistance was similar to that observed for reclaimed landings and plantations in the BWBS.

Soil chemical properties on the well sites we studied were similar to those for restored and undisturbed forest soils in the area, and no indication of salinity problems were encountered.

Vegetation

A key aspect of successful reforestation is matching the tree species to the site conditions. We observed some sites where pine was not the most suitable choice for reforestation, as the sites were too wet. We also observed situations where competition from seeded cover crops appeared to be causing distress to planted trees, either through competition for water and nutrients in the soil, or by overtopping and vegetation press causing physical damage to the seedlings. On sites where the erosion potential is high, seeding with cover crops is essential to prevent erosion. On other sites where erosion potential is limited, and where other attributes of cover crops (e.g. building soil organic matter; providing shade) are not required, a revegetation strategy based simply on planted trees and the ingress of native species may be more successful.

Conclusion and management implications

Our results suggest that the initial reforestation efforts on the well sites were often successful. Many of the reforested well sites appear to have the potential to develop into forest ecosystems. 

Growth rates of lodgepole pine were lower than for rehabilitated forest landings in the area, even though soil conditions were not substantially different. This suggests that the success of reforestation efforts could likely be improved by adopting an ecological approach to planning reforestation efforts on well sites. Such an approach, which is typically followed for forest site rehabilitation, would involve collecting information on soil and site conditions prior to reclamation, and using the information to identify appropriate site preparation techniques, species selection, and other aspects of the reforestation work that are expected to contribute to success.

To obtain the maximum benefit from reforestation efforts on well sites, a targeted approach is suggested, where the efforts are directed at sites with the highest likelihood of success. Drawing from the results of this study, and related on work on soil rehabilitation in forestry, success appears more likely when the following conditions are present:

· mesic or drier moisture regime, which allows drainage of excess water so plant roots have access to a well aerated environment,

· coarse textured soil which allows for effective decompaction and soil drainage,

· gentle terrain requiring limited use of imported fill or cut / fill construction,

· replacing organic-rich surface layers which contribute to water holding capacity and nutrient supply,

· limited erosion potential so grass seeding would not be essential.
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Appendix 1. Oil well sites evaluated.

	Ref
	WA #
	Company
	Area
	Identity
	Latitude
	Longtitude
	Year Sub
	Year Plant
	Species Plant
	Visit Year
	Visit Ht.(cm)/sph
	Closest Cutblock
	BEC
	Comments

	601
	10082
	Crestar
	Sundown
	b18a/93p10
	55 30' 38"
	120 34' 19"
	1996
	1997
	
	
	
	93p047-7/24
	BWBSd1
	 No trees

	602
	6971
	Canhunter
	Sundown
	d91h/93p7
	55 24' 53"
	120 30' 11"
	1994
	1994
	
	1999
	120
	93p048-9/1
	BWBSc1
	measured

	603
	6794
	Canhunter
	Sundown
	a81g/93p7
	55 24' 08"
	120 37' 41"
	1997
	1998
	PL
	1999
	20 / 1800
	93p047-1/7
	BWBSwk1
	measured

	604
	-
	Canhunter
	Puggins
	c51f/93p10
	55 37' 36"
	120 45' 44"
	-
	-
	PL
	2001
	60
	93p067-5
	BWBS
	measured

	605
	7454
	Canhunter
	Brassey
	8-14-77-19
	55 40' 12"
	120 49' 26"
	1994
	1994
	PL
	1999
	50 / 2600
	
	BWBS
	No trees

	606
	7142
	Canhunter
	Cutbank
	a3b/93p8
	55 15' 07"
	120 09' 11"
	1994
	1994
	PL
	1999
	80 / 1000
	93p030-3/2
	BWBSmw1
	measured

	607
	8497
	Amoco
	Ferell Crk.
	d20j/94b1
	56 10' 46"
	122 14' 39"
	1996
	1996
	
	
	
	94b024-1
	???
	 No trees

	608
	8142
	Canhunter
	Kiskatinaw
	a59h/93p2
	55 06' 53"
	120 52' 19"
	1994
	1998
	PL
	1999
	85 / 1800
	93p017-10
	BWBSmw1
	measured

	609
	7177
	Canhunter
	Hourglass
	b62k/93p2
	55 13' 08"
	120 46' 19"
	1994
	1994
	PL
	1999
	100 / 1600
	93p027-17/8
	BWBSwk1
	measured

	610
	7473
	Canhunter
	Noel
	c12k/93p1
	55 10' 53"
	120 16' 19"
	1994
	1994
	PL
	1999
	110 / 2000
	93p018-1
	BWBSmw1
	measured

	611
	7114
	Canhunter
	Noel
	b50l/93p1
	55 12' 08"
	120 29' 49"
	1994
	1994
	PL
	1999
	100 / 1200
	93p028-1/3
	BWBSmw1
	measured

	612
	6942
	Canhunter
	Noel
	a63e/93p1
	55 08' 08"
	120 24' 11"
	1994
	1994
	PL
	1999
	90 / 1200
	93p018/19-1
	BWBSmw1
	measured

	613
	4686
	Canhunter
	Noel
	c54h/93p2
	55 07' 53"
	120 32' 49"
	1997
	1998
	
	1999
	25
	93p017-10
	BWBSmw1
	measured

	614
	8727
	Canhunter
	Noel
	b82j/93p2
	55 14' 08"
	120 38' 46"
	1997
	1998
	PL
	1999
	20 / 1600
	
	BWBS
	measured

	615
	8750
	Canhunter
	Noel
	c25a/93p7
	55 16' 20"
	120 33' 33"
	1997
	1998
	PL
	1999
	25 / 1200
	
	BWBS
	measured

	616
	8104
	Canhunter
	Noel
	d10f/93p8
	55 20' 23"
	120 21' 56"
	1994
	1994
	
	
	
	
	BWBS
	measured

	617
	7731
	Canhunter
	Jackpine
	d95d/93p7
	55 19' 53"
	120 55' 41"
	1994
	1994
	PL
	1999
	50 / 800
	93p036-21
	BWBS
	measured

	618
	4661
	Canhunter
	Tumbler
	c40f/93p2
	55 06' 53"
	120 52' 19"
	1994
	1994
	PL
	1999
	85 / 1000
	93p016-11
	BWBSmw1
	measured

	619
	9437
	Phillips
	Flatbed
	d64b/93i15
	54 48' 23"
	120 39' 56"
	1997
	1997
	
	1999
	60
	93i087-1/6
	BWBSwk1
	Redrilled / Scraped

	620
	8670
	Phillips
	Murray
	c80j/93i14
	54 58' 53"
	121 14' 49"
	1995
	1996
	
	
	
	93i085-18/19
	ESSF
	 No trees

	621
	8689
	Mobil
	Sukunka
	c51j/93p4
	55 12' 47"
	121 38' 18"
	1996
	1999
	PL
	1999
	20 / 1000
	93p022-11
	BWBSwk1
	measured

	622
	8787
	Imperial
	Belcourt
	d54k/93i8
	54 27' 53"
	120 17' 26"
	1997
	1997
	
	
	
	93i059-2
	BWBSmw1
	 No access

	623
	5184
	Amoco
	Ojay
	a67l/93i9
	54 43' 08"
	120 27' 11"
	1996
	1996
	PL
	1999
	25 / 900
	93i078-11/12
	ESSFmv2
	measured

	624
	8563
	Amoco
	S.Grizzly
	c99l/93i9
	54 44' 53"
	120 29' 04"
	1996
	1996
	PL
	1999
	25 / 1400
	93i078-11/13
	ESSFmv2-01
	measured

	625
	8372
	Amoco
	Wapiti
	a44h/93i10
	54 37' 11"
	120 32' 20"
	1996
	1996
	
	
	
	93i068-1/4
	BWBSmw1
	Redrilled / Scraped

	626
	8310
	Petrocan
	Monkman
	b47h/93i14
	54 52' 8"
	121 05' 03"
	1994
	1995
	PL
	1999
	30 / 600
	93i085-18/20
	ESSF
	early snow

	627
	8676
	Mobil
	Kinuseo
	d73c/93i15
	54 48' 52"
	120 46' 56"
	1997
	1999
	
	1999
	30
	93i087-1/6
	BWBSwk1
	Redrilled / Rig

	628
	10036
	Canhunter
	Hiding
	d16j/93i16
	54 55' 52"
	120 11' 22"
	1996
	1997
	Sw
	1999
	25 / 1200
	93i100-20/21
	BWBSmw1
	 No trees

	629
	4517
	Canhunter
	Squaw
	c74e/93i16
	54 53' 53"
	120 25' 19"
	1994
	1994
	
	1997
	30
	93i088-10/7
	ESSF / BWBS
	measured


Appendix 1, cont’d 

Map of site locations in the BWBS
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