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1.0 INTRODUCTION
This report summarizes the findings of Golder Associates Ltd.’s (Golder’s) two site 
inspections in 2012 to assess vegetation establishment on the Cache Creek Landfill 
(CCLF). The inspections were conducted as per Golder’s Scope (March 8, 2012) 
and confirmed on May 10, 2012 with David Barbour of Wastech Services Ltd.
(Wastech) Cache Creek office. Golder has conducted these assessments of 
vegetation establishment since Spring of 2009.

The first inspection was conducted on June 8, 2012 by Tony Schori, P.Ag. (who has 
conducted the inspections since 2009) and Josie Symonds, R.P.Bio. The second 
inspection was conducted on October 10, 2012 by Tony Schori, P.Ag. and 
Kim Poupard, R.P.Bio. 

The purpose of the site inspections was to:

Assess progress with respect to the 2009 vegetation prescriptions.

Observe soil and vegetation conditions and evaluate the success of 
reclamation activities conducted in 2011 on Benches 570, 590, 610 and 630.

Compare reclamation activities with the reclamation schedule proposed in 
Wastech’s 2009 Annual Report.

Determine baseline vegetation conditions adjacent to the landfill footprint, to 
provide a target for vegetation establishment on the landfill comparable to 
predevelopment conditions.

Establish permanent locations on Benches to monitor vegetation conditions in 
2012 and future years at the same locations. 

The results of the first three items (above) are summarized in this report. The 
results of the last two items are presented is a separate report which provides the
baseline vegetation conditions for comparison with the annual vegetation 
monitoring results in future years.

2.0 METHODOLOGY 
The methodology for the June 8, 2012 and October 10, 2012 Landfill site 
inspections included: 

Discussion with David Barbour regarding reclamation activities from late 
Fall 2011 to June 2012, and again from June to October 10, 2012. 

Made general observations from the bench roads of Benches 510, 530 and 
550.

View to the east from 
610 Bench Road. Foreground 
is vegetation of 90 Bench. 
Wastech office is on right 
border of photo. In the 
distance is topography and 
very sparse bunchgrass - 
sage vegetation typical of the 
area (Oct 10, 2012).
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Made observations and photographs of applied soil, seed germination and 
vegetation establishment on Benches 570, 590 and 610. Field Site numbers 
and locations are shown on Figure 1.

Soil samples of the applied surface soil on 610 Bench and compost samples
from two stockpiles were collected in late August 2012 by Wastech. Analyses 
were conducted by ALS Laboratories. 

3.0 VEGETATION ESTABLISHMENT
Detailed descriptions of reclamation and vegetation establishment are provided in 
Golder’s 2011 reports (Golder 2011a; Golder 2011b) for Benches. 510, 530 and 
550; brief descriptions are provided here.  

3.1 The 510 Bench
Applied soil was spread on the entire 510 Bench several years ago.  In the fall of 
2009 a thin (3 cm) layer of applied soil (one part mushroom compost and two parts 
soil material) was spread over the central part of the Bench (Figure 1). The applied 
soil was “harrowed in” across the slope with a custom made harrow. Bare areas 
were seeded by hand in 2009, 2010 and 2011.

In 2012 the upper slope of 510 Bench was irrigated. The lower, relatively flat, part of 
the Bench is not irrigated.

In October 2012 the lower Bench and the north and south parts of the Bench had
good vegetation establishment (Appendix A, Photo 9). On the upper steep slope 
vegetation establishment is improving, but not yet satisfactory as bunchgrass is 
generally sparse and weeds and bare areas are common (Figures 2 and 3).  

The primary grass/legume vegetation is crested wheatgrass (Agropyron cristatum)
with minor hard fescue (Festuca pseudovina) and occasional alfalfa, annual 
ryegrass, white sweetclover and the shrub rabbit brush (Chrysothamnus nauseous). 
Weeds are dominantly summer cypress (Kochia scoparia) and also include Russian 
thistle (Salsola kali), fragile sourweed (Rumex acetosella) and curly dock (Rumex 
crispus).

3.2 The 530 Bench
In the fall of 2009 a thin (3 cm) layer of applied soil (one part mushroom compost 
and two parts soil material) was spread over the central part of the Bench  
(Figure 1). The applied soil was “harrowed in” across the slope with a custom made 
harrow. Prior to broadcast seeding and fertilizing the areas of applied soil in 

Custom made “harrow” 
used to scarify the surface 
to form micro-sites (small 
ridges and depressions) to 
capture moisture and provide 
some wind protection to 
enhance seed germination 
(June 8, 2012).
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September 2010, the 530 Bench was harrowed and ‘track walked” with a dozer to 
prepare micro-topography (small trenches) for seed to germinate more effectively. 
Bare areas of the Bench were again broadcast seeded in June 2011.

In 2012 the 530 Bench was irrigated with the manual system, as it has been since 
2010.

In October 2012 the north and south parts of the Bench had satisfactory vegetation. 
The central part of the 530 Bench had unsatisfactory vegetation with bunchgrass, 
weeds and bare areas (Figures 2 and 3). The subsoil is generally compact and at a 
depth of 8-10 cm plant root penetration is severely or totally restricted.

The primary grass/legume vegetation is crested wheatgrass (Agropyron cristatum) 
with minor hard fescue (Festuca pseudovina) and occasional alfalfa, annual 
ryegrass, stipa (Stipa viridula) and the shrub rabbit brush (Chrysothamnus 
nauseous). Weeds are dominantly summer cypress (Kochia scoparia) and also 
include Russian thistle (Salsola kali), fragile sourweed (Rumex acetosella) and curly 
dock (Rumex crispus).

3.3 The 550 Bench
At the south end of the 550 Bench, applied soil was added and seeded several 
years ago. In spring 2010 applied soil (one part mushroom compost and 10 parts 
soil material) was spread over the entire Bench except for the south end (Figure 1).
The applied soil was spread to a depth of 15 cm and “harrowed in” and track 
walked. In late July 2010 the 550 Bench was wet-seeded (i.e., hydro-seeded but 
without mulch or tackifier) and fertilized.

The automated irrigation system was installed in early summer 2010 and the Bench 
was irrigated during the summer and fall.

In October 2012 the 550 Bench had unsatisfactory vegetation as it was mostly bear 
with limited bunchgrass, except for the north (Appendix A, Photo 10) and south 
parts of the bench (Figures 2 and 3). The subsoil is generally compact and at a
depth of 8-10 cm plant root penetration is severely or totally restricted.

The primary grass/legume vegetation is crested wheatgrass (Agropyron cristatum) 
with minor hard fescue (Festuca pseudovina) and stipa (Stipa viridula). Weeds are 
almost entirely summer cypress (Kochia scoparia) and also include Russian thistle 
(Salsola kali).

3.4 The 570 Bench
In 2010 silt loam soil material recovered from the Annex construction and 
mushroom compost (one part compost to 10 parts soil) was applied and 

Summer cypress (Kochia 
scoparia) is the most 
extensively occurring weed 
on the landfill and has 
infested, to various degrees, 
all Benches which have been 
vegetated (Oct 10, 2012).

Ryegrass and bunchgrass on 
Bench 570. The vigorous 
vegetative growth is in an 
area with extra water due to 
irrigation leak, and illustrates 
the importance of irrigation 
to establish vegetation
(Oct 10, 2012).
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incorporated on the surface of 570 Bench (Figure 1). The surface was harrowed 
with a custom made harrowing blade on a D5 crawler. In September 2011 all of 
570 Bench (Zone D on Figure 1) was hydro-seeded and fertilized. Seed 
germination was not successful in the Spring of 2012. The entre bench was 
reseeded (wet seeded) in Spring 2012. In June 2012 minor germination was 
evident on the entire bench (Appendix A, Photo 13). 

In October 2012 grass germination was not uniform across the Bench. Lower parts 
of the north part of the Bench had good grass vegetation (Figures 2 and 3); 
however, much of the 570 Bench was bare or dominantly weeds.  

3.5 The 590 Bench
In 2011 the 1 m clay cap material on the 590 Bench was regarded in preparation to 
receive top soil material. An average of 20 cm of silty soil (river silt) was then 
spread on the Bench, the surface harrowed and the entire Bench seeded in the Fall 
of 2011 (Figure 1). 

Compared with the conditions observed in the June 2012 site visit, vegetation 
establishment was notably improved in October 2012. (Figures 2 and 3) (Appendix 
A, Photos 3, 4, 5, 14, 15, 16, 17 and 18). In October 2012 there was fair vegetation
on the upper slope of the north part of 590 Bench.

The 590 Bench was irrigated in 2012 (Appendix A, Photos 8 and 9). 

3.6 The 610 Bench
In October 2012 the 1 m application of clay cap material had been placed on the 
610 Bench (Appendix A, Photos 1, 2, 11 and 12). Overburden had been placed as 
applied surface soil on south and north parts of the Bench, but not on the central 
part (Figure 1).

Parts of this Bench have been seeded and irrigation has been installed, but not yet 
for the entire Bench. Weeds have established on small areas of the 610 Bench.  

3.7 The 630 Bench
June 2012 the 1 m clay cap had been placed and graded on most of the 630 Bench
(Figure 1). The applied surface soil application is planned for late Fall 2012 or early 
2013. 

Ryegrass and crested
wheatgrass established on 
570 Bench. Dark natural in 
right foreground is compost / 
wood chips placed in a small 
excavation to concentrate 
water.

610 Bench. Graded landfill 
clay cap on the right. Applied 
“top soil’ on they left. The 
applied silty soil (river silt) 
has been graded and “track 
walked” across the slope to 
provide micro-sites in 
preparation for seeding 
(June 8, 2012).

610 Bench. Close up view of 
the applied soil which has 
crusted at the surface. The 
applied silty soil here is 
about 20 cm thick (June 8, 
2012).
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4.0 2012 RECLAMATION STATUS
4.1 Reclamation Activities
Reclamation activities in 2012 included the following:

510 Bench – The upper slope was irrigated with the manual system. The 
lower, relatively flat part, part of the Bench is not irrigated.

530 Bench – Was irrigated with the automated system. 

550 Bench – The automated irrigation system was installed in early summer 
2010 and the Bench was irrigated during the summer and fall.

570 Bench – The entre bench was reseeded (wet seeded) in spring 2012. In 
June 2012 minor germination was evident on the entire bench. The Bench was 
irrigated during the summer and fall. 

590 Bench – In June 2012 germination was generally not successful and 
vegetation was poor with a completely bare area on the S-SE facing slope at 
the south end of 590 Bench. The Bench was irrigated during the summer and 
fall.  

610 Bench – In June 2012 The 1 m application of clay cap material has been 
placed. Weeds had established on small areas of the 610 Bench. In October 
2012 overburden placed as applied surface soil. The 610 Bench has not been 
seeded and irrigation is not installed.

630 Bench – In June 2012 the 1 m clay cap had been placed and graded on 
most of the 630 Bench. The applied surface soil application is planned for late 
Fall 2012 or early 2013. 

4.2 Soil Analytical results
Three soil samples from the 15-20 cm of applied soil on the 610 Bench slope and 
two compost samples were analyzed for physical and chemical soil parameters. 
The applied soil was sourced from the landfill footprint (Annex area). The compost 
material will be added to the applied soil to increase the organic matter content. The 
sample numbers and respective locations are as follows:

L1201345-1 (soil) is from 610 south slope 

L1201345-2 (soil) is from 610 east slope - north end

L1201345-3 (soil) is from 610 east slope - south end

L1201345-4 (compost) is from the compost north pile 

L1201345-5 (compost) is from the compost south pile 

June 8, 2012- irrigation 
pipes. Lowest slope is 
510 Bench. Top slope is 
630 Bench.
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The analytical data are in Appendix B. In the following summary sample numbers 
are denoted as 45-1 for L1201345-1, etc. 

4.2.1 Soil Samples
Organic matter, average 3.7%, is similar in all three samples. This value, based on 
loss on ignition, appears too high for overburden material. A more realistic level of 
organic matter is 1% or less. The applied soil is deficient in organic matter and will 
benefit (less crusting, improved infiltration, improved soil structure) from the addition 
of organic matter such as compost.

Soil textures are gravelly sandy loam (45-1), gravelly sandy loam to gravelly loam 
(45-2) and gravelly silt loam (45-3). These designated textures are slightly different 
for samples 45-1 and 45-2, as the particle size categories from the analyses 
are slightly different from the categories generally used for agricultural soils 
(i.e., 0.05-2.0 mm for sand, 0.002-0.05 mm for silt and < 002 m for clay).  The soil 
texture is not limiting for plant growth in terms of bulk density (unless soil is 
compacted by equipment) and nutrient holding capacity.

Available water storage capacity (AWSC) was not included with the analytical 
results. Our estimated AWSC, adjusted for gravel content which does not hold 
water, for a 20 cm depth are: 16 mm/20 cm (45-1); 19 mm/20 cm (45-2); and, 
29 mm/20 cm (45-3). These soils, particularly 45-1 and 45-2 will benefit from 
addition of organic matter. Irrigation should be more frequent (twice as often) and in 
lesser amounts for 45-1 and 45-2 as compared with 45-3. 

Plant available nutrients are very low for nitrogen and potassium and moderate for 
phosphorus. Fertilizer, in amounts generally as added in the past two years, will be 
required. Potassium and particularly phosphorous availability will be restricted by 
the relatively high pH.

Salinity is slightly saline for 45-1 and 45-2, and weakly saline for 45-3.  These 
salinity levels are acceptable for the seed mixes which have been used in the last 
two years (bunchgrass, wheatgrass, ryegrass, etc.). 

Soil pH (7.8) is consistent for all three samples. The soils are mildly to moderately 
alkaline and pH is considered acceptable for the seed mixes which have been used 
in the last two years. 

Sodicity (SAR) ranges front 0.6 to 2.4. These levels are not restrictive for the seed 
mixes which have been used in the last two years.

Saturation percentage averages 32% and does not restrict plant growth.

Metals, as listed in the attached lab results, are all within background levels in the 
Thompson-Nicola region and will not inhibit plant growth. 
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4.2.2 Compost Samples
Compost pH (average 7.6) is mildly alkaline and considered acceptable as a soil 
amendment (20%) for the seed mixes which have been used in the last two years.

The compost is moderately saline (average 12 dS/m) for samples 45-4 and 45-5. 
Only very salt tolerant plants will tolerate these salinity levels. The compost may be 
added as an organic amendment; however, the compost should constitute not more 
than 20% of the applied soil. For example, 3 cm of compost should be worked into 
the surface 15 cm of the applied surface soil. Some additional laboratory analysis is 
required to confirm the amount of compost to be added to the soil to be applied as 
top soil.

4.3 Status of Implementation Schedule
An implementation schedule for reclamation activities was presented in the Golder 
July 9, 2009 report. The schedule outlined a timeline for recommended 
reclamation/revegetation tasks to be conducted from August 2009 to the end of 
2012. The original completion dates proposed in July 2009 for reclamation activities 
and the status as of October 2012 are shown in Appendix C. Generally, the 
reclamation activities have been completed as outlined in the July 9, 2009 report.
However, the resulting vegetation establishment requires continued improvement 
as per the recommendations in the following section. 

The waste flows were cut back and the landfill life extended in 2010; therefore 
some of the activities designated for completion in 2010, 2011 and 2012 are 
ongoing or not completed. The schedule for reclamation activities will be revised in 
2013 to reflect the reduced waste flows and landfill life extension.

5.0 RECOMMENDATIONS 
The following recommendations for 2013 are based on Golder’s observations 
during the June 8, 2012 and October 10, 2012 site visits, discussion with Wastech 
staff and the specific commitments in Sections 4.1.5 and 4.1.6 of Wastech’s 
Operational Certificate based on the July 9, 2009 Revegetation Prescription, 
Cache Creek Landfill.

5.1 Soil 
610 Bench – Complete application of 15-20 cm of suitable surface soil in 
Spring 2013, if this is not completed in fall/winter 2012.

610 Bench – Apply manure or compost material to the surface on the applied 
soil and incorporate into the applied soil. For manure, add 30% manure (5 cm 
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manure to 15 cm soil). For the mushroom compost, which is moderately saline 
add 20% (3 cm of compost should be worked into the surface 15 cm of the 
applied surface soil).  

630 Bench – Continue to add organic material with applied topsoil on  
630 Bench. 

Continue to investigate sources of bio-solids, cattle feedlot manure and, if 
necessary, mushroom manure for 630 Bench and above.

Continue to investigate sources of “top soil” such as from subdivision 
developments. 

5.2 Seeding 
610 Bench – Hydro seed as soon as possible after the applied soil is placed. 
Seed in Spring, before end of April. Seed mix should be as in 2011 
(10% Bluebunch wheatgrass, 8% Idaho fescue, and 2% Sandburgs bluegrass 
20% Crested wheatgrass, 15% Hard fescue, 20% Tall wheatgrass, 20% Tall 
fescue, 5% Drylander alfalfa, applied at a rate of 75 kg /ha). 

610 Bench – Fertilize with an 18-18-18 fertilizer (with 50% slow release 
nitrogen) at a rate of 450 kg/ha. 

630 Bench – Hydro seed with seed-mix as for 2011 (above) as soon as 
possible after the applied soil is placed, but after mid-September. Fertilize with 
an 18-18-18 fertilizer (with 50% slow release nitrogen) at a rate of 450 kg/ha. 

5.3 Irrigation
Continue irrigation in the upper part of Benches 510, 530, 550, and 590. Set 
up automated irrigation on 610 Bench.  

Monitor irrigation carefully as application intervals should be very short in the 
year of seed germination.  

5.4 Weed Control 
The 510, 530, 550 and 570 Benches are all heavily infested with weeds. Weed 
control must be implemented; seeding grasses and legumes in areas infested 
with weeds is futile. 

Weeds may have to be controlled with herbicide. As this would be 
controversial with some of the public it is recommended that non-herbicide 

October 10, 2012-Site 10. 
Erosion on the lower part of 
590 Bench (north end). The 
surface applied soil is silty 
(river silt), very susceptible 
to erosion. 
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weed management be initiated in 2013 and the results evaluated before 
control by herbicide. 

Weed management in 2013 should include seeding bare areas in spring 
before weeds become widespread. Established weeds, both annuals and 
perennials, should be cut, probably by hand before seed-set to restrict the 
development of weed seeds. If weeds are cut before seed-set they can be left 
to degrade and contribute to the soil organic matter content; if cut too late, 
unripe seeds will continue to ripen after cutting and germinate in the fall or the 
next spring. Weeds which have established only to a minor extent, such as 
mustard, should be pulled by hand.

5.5 Test New Species and Planting Methods 
Test additional grasses such as annual ryegrass, stipa and white sweet clover 
(a legume). This may be most easily done in areas to be reseeded on 510, 
530, 550 and 570 Benches. 

Test establishment of rabbit brush, a native species. Rabbit brush is generally 
not as deep rooted as sage brush. Also, roots are unlikely to penetrate deeply 
into the very compact and hard clay cap cover. Rabbit brush should be planted 
as seedlings (plugs) which have to be ordered in winter of 2012/13 for planting 
in late Fall of 2013 (available from nurseries in the south Okanagan and 
perhaps elsewhere). 

Test establishment of bluebunch wheatgrass (or other bunch grasses) by 
planting seedlings (plugs) which have to be ordered in winter of 2012/13 for 
planting in late Fall of 2013 (available from nurseries in the south Okanagan 
and perhaps elsewhere). Experience elsewhere has shown much improved 
establishment of bunchgrass planted as plugs, as compared with seeding. 

5.6 Monitoring Program
Continue monitoring of 510, 530, 550, 570 and 590 Benches.

For bare areas or areas with poor vegetation establishment, as shown on 
Figure 2, review soil analytical data from 2009 to 2011 and inspect the applied 
surface soil to determine if these areas should be reseeded as is, of if 
additional good quality surface soil (“top soil”) and/or organic matter should be 
placed prior to reseeding. To the extent possible, applied surface soil during
2013 and seed and plant shrubs in fall after September 15, 2013 or in Spring 
before April 15, 2014.
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Monitor all irrigation continuously and control water quantities to avoid excess 
application which may cause erosion. 

In 2012 vegetation baseline conditions, including plant species and percent 
vegetation cover, were defined in four representative areas adjacent to the 
landfill footprint. These conditions define a reclamation target for revegetation
on the landfill Bench slopes. In addition, specific representative sites, three on
each bench, were permanently marked (also GPS coordinates) so that
vegetation can be assessed annually at fixed locations and comparisons can 
be made at the same sites on an annual basis. The locations and results are 
detailed in a separate report. These fixed sites must be monitored in May 2013 
(when plant species can be readily identified) and annually thereafter. 
Permanent observation sites should be established on upper benches which 
were not yet seeded in October 2012.

6.0 CLOSURE 
We trust the foregoing provides you with the information that you require at this 
time. Should you require additional information or have any questions, please 
contact the undersigned.

GOLDER ASSOCIATES LTD.  

ORIGINAL SIGNED   ORIGINAL SIGNED

Anton Schori, P.Ag. Jacqueline Foley, M.Sc., Geo.L.
Soil Scientist and Agrologist Associate, Senior Hydrogeologist

AS/JF/tc 

  

  

  

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.  

n:\active\2012\1447\12-1447-0028 wastech cache creek landfill\12-1447-0028 wastech cclf vegetation 

assessment\deliverables\1214470028-r-rev1-7000_wastech 2012 vegetation assessment final report_8feb_13.docx



510 Bench  Surface soil applied on entire Bench several years ago 
 Thin layer of soil/compost mix applied over central part of Bench in 2009 
 Bare areas were hand seeded in 2009, 2010 and 2011 
 Upper part of bench is irrigated 

530 Bench  Surface soil applied on entire Bench several years ago 
 Thin layer of soil/compost mix applied over central part of Bench in 2009 
 Central part of Bench broadcast seeded in 2010 and bare areas seeded again in 2011 
 Center portion of bench is irrigated 

550 Bench  Surface soil was applied and seeded at south end of Bench several years ago 
 Surface soil, with 10% compost was applied on remainder of Bench in Spring 2010 applied soil  
 In late July 2010 the 550 Bench was wet-seeded in July 2010 
 Entire bench is irrigated 

570 Bench  Surface soil, ‘river silt” with 10 % compost was applied and incorporated on the Bench surface in 
2010  

 The entire Bench was hydro-seeded In September 2011  
 Entire bench is irrigated 

590 Bench  Grading of the 1m clay soil cap on the Bench was completed in 2011.  
 Surface soil, ‘river silt” with 10 % compost was applied on the Bench surface in 20101 
 The entire Bench was hydro-seeded In September 2011  

610 Bench  Placement of the 100 cm clay soil cap on the Bench was completed by June 2012  
 Surface soil, overburden material, was applied on most of the Bench (south and north parts) by 

October 2012, but not on the central part 
 The Bench has not been seeded and irrigation is not installed 

630 Bench  Filling of the 630 bench is not yet complete. 
 The 100 cm clay soil cap was placed and graded on most of the Bench by June 2012 
 Application of the surface soil is planned for late Fall 2012 or early 2013 
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APPENDIX A  
Photographs 2012
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Figure 1: June 8, 2012 – Site 2.  Bench 610. View to north. Graded landfill clay cap on the right. Applied “top soil’ on they left. 
The applied silty soil (river silt) has been graded and “track walked” across the slope to provide micro-sites in preparation for 
speeding. The micro-sites provide an enhanced opportunity for seed germination and plant establishment.
(camera photo 491)

Figure 2: June 8, 2012 - Site 2. Bench 610. Close up view of the applied soil which has crusted at the surface. The applied 
silty soil here is about 20 cm thick. (camera photo 492)
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Figure 3:  June 8, 2012 - Site 2.Bench 610. View from 610 Bench road to the north. Bench 610 is on the left. Bench 590 is on 
the right. The lower road is Bench 590 road. The applied silty soil (river silt) on Bench 590 has been left with very shallow
ridges and depressions along the contour and seeded. The initial vegetative growth is most successful in the depressions 
which hold moisture.  (camera photo 494)

Figure 4: June 8, 2012 - Site 2.Bench 610. Close up view of the initial vegetative growth at the base of the shallow
depressions, against the ridges, where moisture conditions are better. Vegetation is a winter cereal (fall rye or barley). There 
is no evidence of grass or legume germination which is expected by early June.  (camera photo 495) 



  

APPENDIX A 
2012 Vegetation Assessment

March 8, 2013
Reference No. 1214470028-R-Rev1-7000 3/9

Figure 5: June 8, 2012 - Site 2.Bench 610. Enhanced close up view of the initial vegetative growth at the base of the shallow 
depressions, against the ridges, where moisture conditions are better. Vegetation is a winter cereal (fall rye or barley) and
minor weeds. There is no evidence of grass or legume germination which is expected by early June. (camera photo 498) 

Figure 6:  June 8, 2012 Custom made “harrow” to scarify slightly the final soil surface to provide micro-sites in preparation for 
seeding. (camera photo 502)
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Figure 7:  June 8, 2012 - Site 5. North end of 590 Bench. Area of winter cereal (fall rye or barley). The enhanced growth in 
this area is probably due to better moisture conditions. (camera photo 504) 

Figure 8:  June 8, 2012 Irrigation on upper part of the north end of 590 Bench.(camera photo 508)
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Figure 9: June 8, 2012View is to the north from Bench 510. Trans-Canada highway is on right with town of Cache Creek in 
the distance. The lower road is 510 Bench road. The road on the upper left is 530 Bench road. The irrigation is on the lower 
part of the 550 Bench.

Foreground of photo shows well established vegetation growth (Bunchgrass and weeds), The central part has poor growth, 
and again good growth in the distance of Bench 510. Irrigation is on upper part of the north end of 590 Bench. (camera photo 
509)

Figure 10: June 8, 2012 Photo shows the Inter-Bench Channel at the north end of 550 Bench and 570 Bench. The road 
curve is the 570 Bench road. The three slopes (top to bottom) are 590 Bench, 570 Bench and 550 Bench. Vegetation growth 
at the north end of these Benches is more vigorous than on the central part of the Benches, possibly due to wind protection 
from the bedrock outcrop on the right (north). The undisturbed vegetation on the right is considered typical of the pre-
disturbance vegetation in the landfill footprint. (camera photo 512) 
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Figure 11: October 10, 2012 - Site 6.Photo of the 610 Bench taken from the 610 Bench road (right foreground) to the north. 
Irrigation pipes are to and from the Irrigation water storage tanks (not in photo) on the 630 Bench. The 610 Bench has 
applied “top soil”, but has not been seeded (Oct 10, 2012). Weeds have established at the top of the Bench. The bare 
surface has minor erosion.  Salt seepage, from the applied soil and / or the underlying cap material is evident at the base of
the bench. (camera photo 025)

Figure 12:  October 10, 2012 - Site 6.Photo of the 610 Bench road. Close-up of the salt seepage, from the applied soil and / 
or the underlying cap material at the base of the bench. The salt crust indicates the water level after rains in the small 
channel between the slope and the road. The road material may also be a source of salt seepage. (camera photo 026) 
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Figure 13: October 10, 2012 - Site 12Close-up photo of the surface on the upper part of 570 Bench. This Bench was “wet 
seeded” in the spring of 2012. Plant establishment in the Fall (Oct 10) is very limited and includes legumes, weeds and minor
grass.  (camera photo 043)

Figure 14: October 10, 2012 - Site 13.Photo of the surface on the lower part of 590 Bench.  This micro-site has been 
prepared for a shrub root stock planting. The shrub root stock will be planted in the organic material, which includes small 
wood chips The purpose of the trenches on either side is to concentrate precipitation and irrigation water to improve moisture 
conditions for shrub establishment. (camera photo 044)
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Figure 15: October 10, 2012 - Site 14.Photo shows the base at the north end of 590 Bench.  Slope was seeded in early 2012, 
but seed germination in not evident. Minor weed infestation in foreground and in central part of photo. (camera photo 047)

Figure 16: October 10, 2012 - Site 11.Photo illustrates erosion on the north central part 5590 Bench.  This bench was seeded 
in Spring 2012 The surface applied soil is silty (river silt) which is very susceptible to erosion. (camera photo 039)
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Figure 17:   October 10, 2012 - Site 10. Photo is of the north central part of 590 Bench.  The applied surface soil is silty (river 
silt). Bench was seeded in Spring 2012. Seed germination is very sparse (Oct 10). (camera photo 036)

Figure 18: October 10, 2012 - Site 10.Close up photo of the lower slope of 590 Bench shown in photo 15. This Bench was 
reseeded in Spring 2012. Seed germination is limited (Oct 10), but isolated legume (alfalfa), and bluebunch wheatgrass (the 
fine grass associated with the legume) have established in the  applied surface soil which is stony at this site  (camera 
photo 038)
n:\active\2012\1447\12-1447-0028 wastech cache creek landfill\12-1447-0028 wastech cclf vegetation assessment\deliverables\1214470028-r-rev1-
7000_appendix a_wastech 2012 vegetation assessment final report_8mar_13.docx
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Topsoil Topsoil Topsoil Compost Compost
28-AUG-12 28-AUG-12 28-AUG-12 28-AUG-12 28-AUG-12
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% Clay (<4um) (%)

Texture

Total Available Nitrogen (mg/kg)

Available Ammonium-N (mg/kg)
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Cadmium (Cd) (mg/kg)

Calcium (Ca) (mg/kg)

Chromium (Cr) (mg/kg)

Cobalt (Co) (mg/kg)

Copper (Cu) (mg/kg)

Iron (Fe) (mg/kg)

Lead (Pb) (mg/kg)

Lithium (Li) (mg/kg)

Magnesium (Mg) (mg/kg)

4.2 4.3 4.7

3.5 3.6 3.9

34.6 42.3 30.1

32.4 27.0 25.2

24.8 23.0 38.0

8.25 7.81 6.71

Loam Loam Silt loam

15.3 5.4 6.4

7.0 5.4 6.4

8.3 <2.0 <2.0

8.3 <2.0 <2.0

<0.40 <0.40 <0.40

30.9 46.1 28.6

161 189 145

4.57 3.65 5.38 12.8 11.8

116 83.6 161

7.75 7.77 7.72 7.64 7.48

19.6 20.0 17.5

1.48 0.58 2.36

29.3 32.7 34.9

54.5 21.9 102

16800 16300 16800

0.95 0.76 0.76

7.69 7.86 7.77

403 419 391

0.42 0.41 0.44

0.20 0.21 0.21

0.510 0.471 0.424

19400 13400 19800

119 120 120

21.2 19.8 20.9

63.3 58.4 61.2

32200 31400 31700

6.65 6.06 6.30

11.2 11.4 11.2

20400 19100 20500
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Selenium (Se) (mg/kg)
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Sodium (Na) (mg/kg)
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Tin (Sn) (mg/kg)

Titanium (Ti) (mg/kg)

Uranium (U) (mg/kg)

Vanadium (V) (mg/kg)

Zinc (Zn) (mg/kg)

629 614 651

3.67 3.85 3.44

145 131 146

998 982 911

2160 2020 2030

1.13 0.90 1.19

0.21 0.20 0.19

420 300 630

94.5 80.0 108

0.169 0.172 0.173

<2.0 <2.0 <2.0

1740 1520 1630
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68.4 66.4 68.0

101 95.3 94.2
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EC-PASTE-VA

ETL-N-TOT-AVAIL-SK
MET-200.2-CCMS-VA

N2/N3-AVAIL-SK

NH4-AVAIL-SK

OM-LOI-SK

PH-PASTE-VA

PO4-AVAIL-SK

PSA-PIPET+GRAVEL-SK

SAR-CALC-MGKG-ICP-VA

SAT-PCNT-VA

Conductivity in Soil (Paste) by Meter

Available Ammonium-N - Calculation

Metals in Soil by CRC ICPMS

Nitrate,  Nitrite and Nitrate+Nitrite-N

Available Ammonium-N

Organic Matter by LOI at 375 deg C.

pH in Soil (Paste) by Meter

Available Phosphate-P

Particle size - Sieve and Pipette

SAR in Soil (Paste) by ICPOES

Saturation Percentage

A soil extract produced by the saturated paste extraction procedure is analyzed by conductivity meter.

This analysis is carried out using procedures from CSR Analytical Method: "Strong Acid Leachable Metals (SALM) in Soil", BC Ministry of 
Environment, 26 June 2009, and procedures adapted from EPA Method 200.2.  The sample is manually homogenized, dried at 60 degrees Celsius, 
sieved through a 2 mm (10 mesh) sieve (this sieve step is omitted for international soil samples), and a representative subsample of the dry material is
weighed.  The sample is then digested at 95 degrees Celsius for 2 hours by block digester using concentrated nitric and hydrochloric acids.
Instrumental analysis of the digested extract is by collision cell inductively coupled plasma - mass spectrometry (modifed from EPA Method 6020A).

Method Limitation:  This method is not a total digestion technique.  It is a very strong acid digestion that is intended to dissolve those metals that may 
be environmentally available.  By design, elements bound in silicate structures are not normally dissolved by this procedure as they are not usually 
mobile in the environment.

Available Nitrate and Nitrite are extracted from the soil using a dilute calcium chloride solution. 
Nitrate is quantitatively reduced to nitrite by passage of the sample through a copperized
cadmium column.  The nitrite (reduced nitrate plus original nitrite) is then determined by
diazotizing with sulfanilamide followed by coupling with N-(1-naphthyl) ethylenediamine dihydrochloride.  The resulting water soluble dye has a 
magenta color which is measured at colorimetrically at 520nm.

Reference:
Carter, Martin. Soil Sampling and Methods of Analysis. Can. Soc. Soil Sci.(1993) method 4.3

Ammonium (NH4-N) is extracted from the soil using 2 N KCl. Ammonium in the extract is mixed with hypochlorite and salicylate to form indophenol 
blue, which is determined colorimetrically by auto analysis at 660 nm.

The dry-ash method involves the removal of organic matter by combustion at 375 degrees C for a minimum of 16 hours.  Samples are dried prior to 
combustion.

Reference: McKeague, J.A. Soil Sampling and Methods of Analysis. Can. Soc. Soil Sci.(1978) method 4.23

A soil extract produced by the saturated paste extraction procedure is analyzed by pH meter. 

Plant available phosphorus is extracted from the soil using Modified Kelowna solution. Phosphorous in the soil extract is determined colorimetrically at 
880 nm.

Particle size distribution is determined by a combination of techniques. Dry sieving is performed for coarse particles, wet sieving for sand particles and 
the pipette sedimentation method for clay particles.

Reference:

Burt, R. (2009). Soil Survey Field and Laboratory Methods Manual. Soil Survey Investigations Report No. 5. Method 3.2.1.2.2. United States 
Department of Agriculture Natural Resources Conservation Service.

A soil extract produced by the saturated paste extraction procedure is analyzed for Sodium, Calcium, and Magnesium by ICPOES.  Sodium Adsorption
Ratio (SAR) is calculated as per "Soil Sampling and Methods of Analysis" by M. Carter.

ALS Test Code Test Description

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Soil

Carter-CSSS / APHA 2510B

Soil Methods of Analysis (1993) CSSS

EPA 200.2/6020A

APHA 4500 NO3F

CSSS(1993) 4.2/COMM SOIL SCI 19(6)

CSSS (1978) p. 160

Carter-CSSS / APHA 4500 H

Comm. Soil Sci. Plant Anal. 25 (5&6)

SSIR-51 METHOD 3.2.1

Carter-CSSS / EPA 6010B (modified)

Carter-CSSS

Method Reference** Matrix
Test Method References:
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Saturation Percentage (SP) is the total volume of water present in a saturated paste (in mL) divided by the dry weight of the sample (in grams), 
expressed as a percentage, as described in "Soil Sampling and Methods of Analysis" by M. Carter.

** ALS test methods may incorporate modifications from specified reference methods to improve performance.

The last two letters of the above test code(s) indicate the laboratory that performed analytical analysis for that test. Refer to the list below:

Laboratory Definition Code Laboratory Location

SK

VA

ALS ENVIRONMENTAL - SASKATOON, SASKATCHEWAN, CANADA

ALS ENVIRONMENTAL - VANCOUVER, BRITISH COLUMBIA, CANADA

GLOSSARY OF REPORT TERMS
Surrogate - A compound that is similar in behaviour to target analyte(s), but that does not occur naturally in environmental samples.  For
applicable tests, surrogates are added to samples prior to analysis as a check on recovery.
mg/kg - milligrams per kilogram based on dry weight of sample.
mg/kg wwt - milligrams per kilogram based on wet weight of sample.
mg/kg lwt - milligrams per kilogram based on lipid-adjusted weight of sample.
mg/L - milligrams per litre.
< - Less than.
D.L. - The reported Detection Limit, also known as the Limit of Reporting (LOR).
N/A - Result not available.  Refer to qualifier code and definition for explanation.

Test results reported relate only to the samples as received by the laboratory.
UNLESS OTHERWISE STATED, ALL SAMPLES WERE RECEIVED IN ACCEPTABLE CONDITION.
Analytical results in unsigned test reports with the DRAFT watermark are subject to change, pending final QC review.

Chain of Custody Numbers:

10-269523
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Table 1: Status of Reclamation Activities (proposed completion dates are from Golder's 2009 report).

RECLAMATION ACTIVITY Proposed 
Completion Date

Status as of 
October 2012

Select seed mix(es) Aug 2009 Completed for 510 to 
590 Benches. Ongoing

Investigate local sources of topsoil and organic material Aug 2009 Completed for 570 to 
610 Benches. Ongoing

Identify and obtain required equipment to prepare seedbed and
to seed Aug 2009 Completed

Design the irrigation system and upgrade the system on 
530 Bench Sept 2009 Completed for 510 to 

570 Benches. Ongoing
Purchase and receive sufficient seed and fertilizer for 
530 Bench Aug 2009 Completed

Select and retain hydro-seed contractor. If required, select and 
retain a seeding contractor Aug 2009 Completed

Design a topsoil equivalent material Sept 2009 Completed for 570 to 
610 Benches. Ongoing

Compost and or mix organic material for 2010 Oct 2009 Completed
Hydro-seed and drill seed and fertilize 530 Bench Sept 2009 Completed
Prepare a topsoil equivalent material. Compost and or mix 
organic and soil material in sufficient quantities for application in 
spring of 2010 on 550 and 570 Benches

April 2010 Completed 

Irrigation on 530 Bench Oct 2009 Completed
Monitor irrigation, possible erosion, other site conditions on 530 
Bench Oct 2009 Completed

If required, select and retain hydro-seed contractor and drill 
seed contractor Oct 2009 Completed

Have required equipment on-site to prepare seedbed and to 
seed March 2010 Completed for 570 to 

610 Benches. Ongoing
Select seed mix(es), purchase and receive sufficient seed and 
fertilizer and for 550 Bench and 570 Bench and to reseed April 2010 Completed

Apply compost/soil material on 550 and 570 Benches April 2010 Completed is 570 bench 
done

Prepare a topsoil equivalent material. Compost and or mix 
organic and soil material in sufficient quantities for application in 
spring of 2011 on 570 Bench up to the 630 Bench Road 

April 2010
Completed for 570 to 
590 Benches. Ongoing 
for 610 Bench

Seed by hydro seeding and/or drill seed 550 and 570 Benches 
and fertilize 530, 550 and 570 Benches April 2010 Completed

Set up irrigation system for 550 and 570 Benches April 2010 Completed
Irrigate 530 , 550 and 570 Benches Sept 2010 Completed
Determine appropriate vegetation density targets (percent 
cover) that will define successful revegetation Sept 2010 Completed Oct 2012

Reseed 530 Bench problem areas identified during monitoring 
program Sept 2010 Completed
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RECLAMATION ACTIVITY Proposed 
Completion Date

Status as of 
October 2012

Monitor 530, 550 and 570 Benches. Identify any erosion or salt 
seepage. Determine progress of plant establishment by 
measuring percent cover, plant vigour. Sample soil in poor 
areas to diagnose soil problems. Identify any areas of 
530 Bench which require reseeding and/or soil amendments.

Sept 2010 Ongoing

If required, select and retain hydro-seed contractor and drill 
seed contractor Sept 2010 Completed

Have required equipment on-site to prepare seedbed and to 
seed Sept 2010 Completed

Set up irrigation system from 570 up to the 630 Bench Road. Sept 2010 Completed up to 
590 Bench. Ongoing

Select seed mix(es), purchase and receive sufficient seed and 
fertilizer for from 570 to 630 Bench Road and to reseed parts of,
if necessary, 530 and 550 Benches

Sept 2010 Completed up to 
590 Bench. Ongoing

Seed by hydro seeding and/or drill seeding and fertilize Sept 2010 Completed

Irrigate on Bench 530 up the 630 Bench Road Sept 2010 Completed up to 
590 Bench. Ongoing

Compost and or mix organic and soil material Sept 2011 Completed
Monitor 530 Bench up the 630 Bench Road.  Identify any 
erosion or salt seepage. Determine progress of plant 
establishment by measuring percent cover, plant vigour. Sample 
soil in poor areas to determine any soil problems. Identify area 
which require reseeding and/or soil amendments.

Sept 2011 Completed up to 
590 Bench. Ongoing

Reseed as necessary any problem areas on 530 and 550 Bench 
Road. Sept 2011 Completed up to 

590 Bench. Ongoing
Apply compost/soil if available to any problem areas identified 
on 550 and 570 Benches. Sept 2011 Completed

If required select and retain hydro-seed contractor March 2012 Completed
Have required equipment on-site to prepare seedbed and to 
seed March 2012 Completed

Define irrigate system requirement  and set it up for 610 Bench 
and above March 2012 Completed up to 

590 Bench. Ongoing
Select seed mix(es),  purchase and receive on-site sufficient 
seed and fertilizer for 610 Bench and above April 2012 Not started

Seed by hydro seeding and/or drill seeding and fertilize April 2012 Completed
Determine if irrigation needs to be continued on 530 Bench May 2012 Completed

Irrigate on 550 Bench to 630 Bench and above Sept 2012 Completed up to 590 
Bench. Ongoing

Compost and or mix organic material for use in 2013 and 
beyond April 2013 Not started

Determine if irrigation needs to be continued on 530 Bench May 2012 Not started
Note: The waste flows were cut back and the landfill life extended in 2010; therefore some of the activities designated for completion in 
2010, 2011 and 2012 are ongoing or not completed. The schedule for reclamation activities will be revised in 2013 to reflect the reduced 
waste flows and landfill life extension.
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