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1.0 INTRODUCTION 

As instructed on October 19, 2011 by David Barbour of Wastech Services Ltd. (Wastech) Cache Creek office, 
Tony Schori, P.Ag., and Kim Poupard, P.Bio., of Golder Associates Ltd (Golder) conducted a site visit to the 
Cache Creek landfill on October 26, 2011. The purpose of the site visit was to observe soil and vegetation 
conditions on the landfill cover to evaluate the success of reclamation activities conducted during 2011 and 
earlier. This was the second site inspection conducted by Golder in 2011. The first inspection was on June 15;  
a summary of results was prepared in a draft report dated August 16, 2011. Golder provides the following 
summary and recommendations based on the October 26, 2011 site inspection and information from the August 
16, 2011 report. 

The methodology included:  

 General observations of vegetation and soil conditions of the landfill cover on Benches 510, 530, 550, 570, 
590 and 610. 

 Observation of soil (hand shovel small pit excavations) and vegetation present at 11 field observation sites 
as illustrated in Figure 1.  GPS coordinates are also provides on Figure 1. 

 Photographs were taken at all 11 field observation sites. Pertinent photographs, with descriptions, are in 
Appendix A. 

 Soil samples were collected from the surface applied soil and, in some sites, the subsoil.  Eight soil 
samples from six sites were analyzed by Pacific Soil Analyses Inc. (PSAI), Richmond, BC, for physical and 
chemical characteristics. Three samples were also analyzed for metals (scan) by ALS Laboratories (ALS), 
Burnaby. All analytical results from both laboratories are in Appendix B. 

 

2.0 VEGETATION AND SOIL CONDITIONS 

Reclamation activities in 2011, and earlier, included surface applications of soil/compost mix, seeding and 
irrigation.  Portions of the various benches where reclamation has been conducted from 2009 to 2011 are shown 
as “Zones” in Figure 1. Details regarding sources of applied soil, soil/compost mixing and placement, seeding, 
fertilizing and irrigation were provided to Golder by Wastech. 

Irrigation is by gravity flow. Water is pumped to two storage tanks on the 630 bench roadway. The water source 
is the municipal water supply and quantities are limited. 

Soils, vegetation establishment and irrigation are discussed in the following sections for each Bench as shown 
and labelled on Figure 1. Areas of acceptable and unsatisfactory vegetation establishment are shown in Figure 
2.  

The acceptable and unsatisfactory designations are subjective. Vegetation establishment is considered 
acceptable where there is >80% vegetation cover, exclusive of weeds, over greater than 80% of the area (Area 
A, Figure 2). The 80% cover does not mean that 80% of the ground is covered, but that the cover is about 80% 
of the average native vegetation cover in undisturbed areas near the landfill. Vegetative cover less than 80%, or 
with excessive weeds, is considered unsatisfactory (Areas B, C, D and E, Figure 2). 
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In the following discussion “applied soil” denotes the material placed on the landfill cover surface; whereas, 
“topsoil” denotes the natural soil Ah horizon and any surface litter which occurs in native soils. 

 

2.1 The 510 Bench 

2.1.1 Soils 

Applied soil was spread on the entire 510 Bench several years ago.  In the fall of 2009 a thin layer of applied soil 
was spread over the central part of 510 Bench designated as Zone A in Figure 1. Applied soil was not added on 
the north and south portions of the slope, or on the lower, less steeply sloping portion. 

The applied soil was a soil/compost mix, comprising 1 part mushroom compost and 2 parts soil material, mixed 
on site with an excavator prior to placement. The soil component included topsoil and B and C horizon soil 
material sourced from the North Borrow area on site. The applied soil was spread to a depth of about 3 cm and 
“harrowed in” across the slope with a custom made harrow, to a depth of about 10 cm. Incorporation of  
the applied soil with the underlying soil diluted the soil to compost ratio to about 10:1 and thereby diluted  
the concentration of salts from the mushroom compost. 

 

2.1.2 Vegetation 

In the fall of 2009 the bare areas were seeded, generally where applied soil was placed in 2009 in Zone A 
(Figure 1).  A mix of annual ryegrass (35%), hard fescue (30%) and crested wheatgrass (35%) was seeded by 
hand. Fertilizer (18-18-18 with slow release nitrogen) was also applied by hand at the rate of 300 kg/ha.  

In mid September 2010, bare areas with little or no vegetation in Zone A (Figure 1) and the reclaimed roadway 
between 510 Bench and 530 Bench were hand seeded. Wastech indicated that this seeding was generally 
successful. The seed mix comprised 35% annual ryegrass, 30% hard fescue and 35% crested wheatgrass. 

In June 2011 bare areas were again seeded by hand at a rate of 75 kg /ha with a mix of : 10% Bluebunch 
wheatgrass, 8% Idaho fescue, 2% Sandburg bluegrass, 20% Crested wheatgrass, 15% Hard fescue, 20% Tall 
wheatgrass, 20% Tall fescue and 5% Drylander alfalfa. Fertilizer was also applied by hand (18-18-18 with 50% 
slow release nitrogen) at the rate of 450 kg/ha. 

 

2.1.3 Irrigation 

In 2009 and 2010, Zone A was irrigated by hand.  In 2011, essentially the entire steeper, upper slope of  
510 Bench was irrigated with the automated system (Figure 2). The lower, relatively flat, part of 510 Bench is not 
irrigated, but benefits from seepage from the upper, steeper slope. 

 

2.1.4 Observations 

In 2010 the lower, relatively flat part of 510 Bench, had good vegetation establishment with >80 % cover over 
80-90% of the area (Area A, Figure 2). This is considered acceptable vegetation establishment with dominantly 
bunchgrass with minor weeds. On the upper part steep slope (Area D, Figure 2), vegetation establishment is 
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unsatisfactory as weeds and bare areas dominate and bunchgrass is sparse. Vegetative cover was 40% to 50% 
over about 40 % of the slope and negligible to about 20% over 60% of the bench. On the lower part of the slope 
Areas B and E (Figure 2) also have unsatisfactory vegetation establishment. Area B is dominantly weeds with 
little or no bunchgrass. Area E is bare, with patches of weeds. 

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). 

Additional details are shown and described in Photos 1, 2, 3, 7 and 8. (Appendix A). 

 

2.2 The 530 Bench 

2.2.1 Soils 

In the fall of 2009 applied soil was spread over Zone B (Figure 1) on the 530 Bench. The applied soil was a 
soil/compost mix, comprising 1 part mushroom compost and 2 parts soil material, mixed on site with a loader 
prior to placement. The soil component included topsoil and B and C horizon soil material sourced from  
the North Borrow area on site. The applied soil was spread to a depth of about 3 cm and “harrowed in” across 

the slope with a custom made harrow, to a depth of about 10 cm. Incorporation of the applied soil with  
the underlying soil diluted the soil to compost ratio to about 10:1 and thereby diluted the concentration of salts 
from the mushroom compost. 

Prior to seeding in September 2010, the 530 Bench was harrowed and „track walked” with a dozer to prepare 

micro-topography (small trenches) to provide micro-sites for seed to germinate more effectively. 

 

2.2.2 Vegetation 

In September 2010  bare areas of Zone B on 530 Bench were broadcast seeded with annual ryegrass (20%), 
hard fescue (30%) and crested wheatgrass (50%) and fertilized with 18-18-18 at 300 kg/ha. 

In June 2011 bare areas of Zone B on 530 Bench were broadcast seeded with a mix of 10% Bluebunch 
wheatgrass, 8% Idaho fescue, 2% Sandburgs bluegrass 20% Crested wheatgrass, 15% Hard fescue,   
20% Tall wheatgrass, 20% Tall fescue, and  5% Drylander alfalfa, at 75 kg /ha. Fertilizer was applied at a rate of 
450 kg/ha (18-18-18 with 50% slow release nitrogen). 

 

2.2.3 Irrigation 

In 2010, 530 Bench was irrigated by hand in early summer. By mid-June irrigation coverage, with perforated 
PVC pipe up/down the slope, had been expanded to all but the south portion of 530 Bench. In 2011, 530 Bench 
was irrigated to a limited extent. 
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2.2.4 Observations 

The 530 Bench is dominantly Area C (Figure 2) with unsatisfactory vegetation establishment with bunchgrass, 
weeds and bare areas. Minor Areas B and D, both with unsatisfactory vegetation establishment, also occur.  
Area B is dominantly weeds with little or no bunchgrass; Area D consists of dominantly bare areas and weeds, 
with sparse bunchgrass. 

The surface soils on the 530 Bench are generally compact, or very compact; 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). 

Additional details are shown and described in Photos 4 and 5 (Appendix A). 

 

2.3 The 550 Bench 

2.3.1 Soils 

In spring 2010 applied soil was spread over the entire 550 Bench (Zone C, Figure 1), except for the south end 
where applied soil was added and seeded several years ago. As for the 530 Bench, the 2010 applied soil 
consisted of a soil/compost mix, with 1 part mushroom compost and 10 parts soil. The soil, topsoil and also  
B and C horizon soil was sourced from the landfill Annex. The soil and mushroom compost were mixed on site 
with an excavator prior to placement. The applied soil was spread to an average depth of 15 cm and “harrowed 

in” and track walked. This diluted the soil to compost ratio to about 10:1, in order to dilute the concentration of 

salts from the mushroom compost. 

 

2.3.2 Vegetation 

In late July 2010 almost the entire 550 Bench (Zone C, Figure 1) was seeded and fertilized.  
A small area was hydro-seeded, but most of 550 Bench was wet-seeded (i.e. hydro-seeded but without mulch or 
tackifier). The seed mix, applied at a rate of 75 kg /ha,  included 10% Bluebunch wheatgrass, 8% Idaho fescue,  
2% Sandburgs bluegrass, 20% Crested wheatgrass, 15% Hard fescue,  20% Tall wheatgrass, 20% Tall fescue, 
and 5% Drylander alfalfa.  An 18-18-18 fertilizer (with 50% slow release nitrogen) was applied at a rate of 450 
kg/ha. 

 

2.3.3 Irrigation 

In the early summer of 2011, an automated irrigation system was installed and 550 Bench was irrigated during 
the summer and fall. 
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2.3.4 Observations 

The 550 Bench has approximately equal amounts of Area B and Area C (Figure2), both with unsatisfactory 
vegetation establishment. Area B is dominantly weeds with little or no bunchgrass; Area C consists of 
bunchgrass, weeds and bare areas. 

The subsoils on the 550 Bench are generally compact, or very compact; 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). 

Additional details are shown and described in Photos 6 and 8 (Appendix A). 

 

2.4 The 570 Bench 

2.4.1 Soils 

In 2010 a pre-mixed soil, dominantly silt loam sourced from near Ashcroft  with 1 part mushroom compost to  
10 parts soil, was applied and incorporated on the surface of most of 570 Bench (Zone D, Figure 1). The surface 
was harrowed with custom made harrowing blade on a D5 crawler. 

 

2.4.2 Vegetation 

In September 2011 all of 570 Bench (Zone D on Figure 1) was hydro-seeded.  The seed mix, applied at a rate of 
75 kg /ha, included 10% Bluebunch wheatgrass, 8% Idaho fescue, 2% Sandburgs bluegrass, 20% Crested 
wheatgrass, 15% Hard fescue, 20% Tall wheatgrass, 20% Tall fescue and 5% Drylander alfalfa.  In addition, Fall 
Rye was added to the seed mix at a rate of 50 kg/ha.  An 18-18-18 fertilizer (with 50% slow release nitrogen) 
was applied at a rate of 450 kg/ha. 

 

2.4.3 Irrigation 

In early summer 2011 an automated irrigation system was installed on 570 Bench. The 570 Bench was not 
irrigated in 2011. 

 

2.4.4 Observations 

The 570 Bench was hydro seeded as described in Section 2.2.4 (above). The seed and mulch application 
appeared very uniform with complete coverage. 

Additional details are shown and described in Photos 10, 11, 12 and 13 (Appendix A). 



 

ASSESSMENT OF VEGETATION ESTABLISHMENT OCTOBER 
2011 CACHE CREEK LANDFILL 

 

February 17, 2012 
Report No. 1114470028-002-R-Rev0-7100 6  

 

2.5 The 590 Bench 

The 1 m application of landfill soil cap material has been placed over the 590 Bench. As of October 26, 2011, 
applied soil had been placed over the approximately south half of the 590 Bench. This Bench has not been 
seeded and irrigation is not installed. 

 

2.6 The 610 Bench 

The 1 m application of landfill soil cap material has been placed (photo 14). No applied soil has been placed. 
This Bench has not been seeded and irrigation is not installed. Weeds have established on small parts of  
the 610 Bench. 

Additional details are shown and described in Photo 15 (Appendix A). 

 

3.0 SOIL ANALYTICAL RESULTS 

The data for soil physical and chemical characteristics, as provided by PSAI, as well as the metals (scan) data 
from ALS are in Appendix B. Table 1 presents a summary of the physical and chemical characteristics of eight 
soil samples collected from six field inspection locations on October 26, 2011. 
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Table 1: Summary of Soil Analytical Results.  

 

Site 
No. 

 

 

Sample 
No. 

Depth 

(cm) 

 

Soil 

Texture 

Gravel(a) 

(>2mm) 

pH 

(in water) 

 

Organic 
Matter 
(total) 

(%) 

 

EC 

(Salts) 
(mmhos/
cm) 

 

SAR(b) 

 

N 
(total) 

(%) 

Available Nutrients (ppm) 

Location 
 

P 

 

K 

 

Na 

 

Ca 

 

Mg 

 

Cu 

 

Zn 

 

Fe 

 

Mn 

 

B 

11-07 
Base of 570 
Bench -east 
part of Bench 

11-07A 0-15 gravelly loam 30 7.6 3.7 6.2 3.3 0.2 33 345 425 6800 1370 1.7 2.7 18 80 0.8 

11-07 
Base of 570 
Bench -east 
part of Bench 

11-07B 15-30 gravelly loam 40 7.5 2.7 5.3 2.1 - - - - - - - - - - 0.3 

11-08 Upper part of 
550 Bench 11-08A 0-10 gravelly sandy 

loam© >20© 7.6 2.2 - - 0.1 12 195 100 2700 1010 2.2 1.3 50 95 1.1 

11-09 
Base of 570 
Bench –central 
part of Bench 

11-09A 0-10 gravelly sandy 
loam© >20© 7.5 3.4 - - 0.2 28 340 220 5200 1070 3.9 2.8 60 145 1.3 

11-10 
On 630 Bench-
soil to be  
applied to cap 
surface 

11-10A NA gravelly sandy 
loam 32 7.3 2.7 9.2 1.7 0.2 3 315 100 4300 1040 14 6.2 150 130 1.4 

11-10 On 630 Bench- 
landfill cap 11-10B 10-25 gravelly sandy 

loam 48 8.0 1.3 11.4 4.0 - - - - - - - - - - 0.8 

11-11 
Stockpile of 
“river silt” to be 
applied to cap 
surface 

11-11A NA silt 
loam 17 8.0 0.9 0.92 <0.1 <0.1 53 75 10 300 420 0.5 0.3 <1 20 0.2 

11-12 
Lower  part of 
610 Bench- 
landfill cap 

11-12A 0-15 sandy 
clay© >20© 7.7 1.3 5.2 3.0 <0.1 - - - - - - - - - 1.1 

 
(a) Based on field observations gravel is generally fine gravel; 2mm – 25mm 
(b) SAR is the sodium adsorption ratio, a measure of soil sodicity 
(c) Field textures, estimated by hand 

Notes: This Table provides a summary; additional analytical data are in Appendix B. Some values in Table have been rounded. 
-  Denotes not analysed 
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The sampling locations are shown on Figure 1.  

 Site 11-07 at the base of 570 Bench (on east part of Bench) which was hydro seeded in September 2011.  

 Site 11-08 at the upper portion of 550 Bench which was seeded in 2010.  

 Site 11-09 at the base of 570 Bench (on east part of Bench) which was hydro seeded in September 2011.  

 Site 11-10 on 630 Bench. Sample 11-10A is from applied soil to be applied; 11-10AB is from the landfill cap 
material which will be covered.  

 Site 11-11 from the stock pile of “river silt” to be used in the applied soil mix and which has been applied on 
570 Bench which was hydro seeded in September 2011.   

 Site 11-12 at lower part of 610 Bench which is ready for applied soil application. 

Soil Texture 

Soil texture is generally a gravelly loam with 20%-40% gravel (>2mm).  Soil texture based on the samples from 
the eight Sites is not restrictive to plant growth. However, texture is variable ranging from gravely sandy loam 
with 48 % gravel to sandy clay with less than 20% gravel; the available water storage capacity also varies as it is 
directly related to soil texture.    

Soil pH 

The pH generally ranges from 7.3 to 7.7 which is mildly alkaline and is not generally restrictive to plant growth, 
but does restrict available phosphorus and available trace elements (Fe, Mn, Zn, Cu, Co).  Alkaline pH is typical 
of arid regions. 

Two samples, 11-10B of the landfill cap on 630 Bench, and 11-11A of the stockpile of “river silt” have pH 8, 
moderately alkaline. The pH of 8 is restrictive to plant growth and severely restricts the availability of 
phosphorous and trace elements.  This is not a particular concern for the landfill cap material which will be  
the subsoil, but is a concern regarding the “river silt” which will be the applied top soil (see recommendations). 

Soil Organic Matter 

Total organic matter values in the surface soil layer (0-15cm) are generally from 2.2% to 2.7%; this is low,  
but typical of soils in arid regions. The lowest level of organic matter is in the “river silt” (11-11A) which will be  
the applied top soil (see recommendations). 

Soil Salinity and Sodicity 

Salinity (EC or electrical conductivity) varies widely, from 0.9 to 11.4 mmhos/cm. An EC of less than 4 does not 
inhibit growth of most plants (except salt sensitive agricultural crops). EC from 4 to 8 is weakly saline which 
somewhat inhibits the growth of most plants, except salt tolerant species. EC from 8 to 12 is moderately saline 
and inhibits plant growth of all but salt tolerant species. 

All samples have an EC less than 8 except 11-10A (soil to be applied to cap surface) and 11-10B of the 630 
Bench landfill cap; these sample are moderately saline, with EC 9.2 and 11.4, respectively. Only one sample,  
the “river silt” (11-11A)  has EC less than 4, which does not inhibit growth of most plants. 
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Sodicity, measured as SAR (sodium adsorption ratio), is 4 or less in all samples and not restrictive to plant 
growth. 

Plant Nutrients 

Total nitrogen (N) is very low (0.2% or less) in all samples. Such low N levels severely restrict all plant growth 
except nitrogen fixing species.  Phosphorus (P) levels are low in all samples except 11-11A which is moderate. 
Potassium (K) in levels are moderate to high is all samples except 11-11A which is low.  Sodium (Na), calcium 
(Ca) and magnesium (Mg) are all adequate for plant growth.  Copper (Cu) is low and restrictive to plant growth in 
all samples except 11-10A, which is adequate.  Zinc (Zn) is low and restrictive to plant growth in all samples. Iron 
(Fe) levels are low and restrictive to plant growth in all samples except 11-10A which is adequate. Manganese 
(Mn) levels are adequate in all samples except 11-11A which is low. Boron (B) levels are adequate in all surface 
soil samples except 11-07A, 11-11A and 11-12A. 

Metals Scan 

Metal scan analyses were completed for three landfill cap (i.e. subsoil) samples, 11-07B, 11-10B and 11-12B. 
The analytical results, in Appendix B, were compared the British Columbia CSR Standards for Wild Land.  
Values for all metals are below the CSR Standards except for chromium (Cr) and nickel (Ni), as shown in Table 
2.   

Table 2: Levels of Chromium (Cr) and Nickel (Ni) in Subsoil at Three Locations. 

Sample 
No 

Location 
Depth 
(cm) 

Cr in 
Sample 
(mg/kg)  

BC CSR 
Standard 
for CR 
(mg/kg) 

Ni in 
Sample 
(mg/kg) 

BC CSR 
Standard for 
Ni (mg/kg) 

11-07B Base of 570 Bench - east part 
of Bench 15-30 353 300 482 100 

11-10B On 630 Bench- landfill cap 10-25 <300 300 141 100 

11-12B Lower  part of 610 Bench- 
landfill cap 0-22 <300 300 252 100 

 

Cr exceeded the Standard minimally for sample 11-07B with a concentration of 353 mg/kg vs. the Standard of 
300 mg/kg (mg/kg=ug/gm).  Ni exceeded the Standard of 100 mg/kg, with values of 482 mg/kg (11-07B), 141 
mg/kg (11-10B) and 252 mg/kg (11-12B).  The Ni levels are above native soil background levels of 75 ug/gm, as 
defined for Region 3 (Thompson-Nicola) in Protocol 4 for Contaminated Sites (BC Ministry of Environment, 
October 12, 2010) (see Recommendations, Section 5). 

 

4.0 RECLAMATION PROGRESS 

The difficulties of establishing vegetation on the sloping surface of the landfill are well known, including: very arid 
climate site is exposed to desiccating wind, lack of suitable top soil, and steep slopes. These limitations cannot 
be changed. The overall slope of the landfill is approximately 3H:1V, but the actual slopes between benches are 
significantly greater than that; for example 40% and more at Site 11-07. Nonetheless, significant progress has 
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been made toward vegetation establishment. Recently, and particularly during the last two years the following 
have been accomplished: 

 550 Bench was hydro-seeded in 2010. 

 570 Bench was hydro-seeded in September 2011. Seeding was done at an appropriate time in the fall. 

 Many of the bare areas on 510 (upper part), 530 and 550 Benches were hand seeded in either 2010 or 
2011. 

 More complete seed mix was applied in 2010 and 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 and 50 kg/ha Fall Rye).   

 Fertilizer application rates were increased on 550 and 570 Benches (18-18-18 fertilizer with 50% slow 
release nitrogen applied at a rate of 450 kg/ha). 

 Seedbed preparation has been improved. On 550 and 570 Benches the soil surface has been scarified with 
a harrow and the surface “tracked” with a bulldozer to create micro-topography and micro-sites which 
should be more conducive to seed germination 

 The irrigation system has been expanded and automated and now includes the 550 Bench and most of  
the landfill slopes below the 550 Bench. 

 Care has be taken to avoid excess irrigation to prevent erosion (the steep slopes and low infiltration rate 
requires, frequent, short irrigation periods). No significant erosion or salt seepage was noted during  
the October site inspection. 

 

5.0 RECOMMENDATIONS 

The following recommendations are based on Golder‟s observations during the October 26, 2011 site visit, 
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 Monitor Vegetation Success in 2012 and thereafter as necessary 

 Design and implement a program to mark off small test areas (say 2m square) with permanent stakes or 
rebar.  These small areas should be monitored annually with detailed vegetation descriptions (plant 
species, plant density, % cover, plant vigour). Select representative sites on each Bench.  The purpose of 
these test areas is to allow specific comparison at the same site on an annual basis.  

 Compare vegetation establishment success with the analytical soil data from the test areas to determine 
how soil cover characteristics impact / enhance plant growth.   

  Monitor 510, 530, 550 and 570 Benches. Make an overall Bench comparison with the 2011 general  
re-vegetation success as shown in Figure 2 of this report. Identify any erosion, salt seepage and areas 
which require re-seeding and/or soil amendments.  
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5.2 Seeding 
 Hydro seed 590 Bench as soon as possible after the applied soil is placed; however, seed only in Spring, 

before end of April or in Fall, after late September.  Seed mix should be as in 2011 (10% Bluebunch 
wheatgrass, 8% Idaho fescue, 2% Sandburgs bluegrass, 20% Crested wheatgrass, 15% Hard fescue,  
20% Tall wheatgrass, 20% Tall fescue and 5% Drylander alfalfa, applied at a rate of 75 kg /ha, and 50 
kg/ha Fall Rye).    

 Fertilize with an 18-18-18 fertilizer (with 50% slow release nitrogen) at a rate of 450 kg/ha. Micronutrients 
should be applied to the “river silt” material after it is applied to the landfill surface. The “river silt” material is 
deficient in B, Cu, Mn and Zn as shown in Table 2.  

 Re-seed annually, by hand if necessary, all bare areas in spring before the end of April. 

 

5.3 Soil 
 Continue to add organic material with and/or to applied topsoil on 590 Bench, 610 Bench and above.  

The “river silt” has negligible organic matter and requires addition of organic matter 

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

 

5.4 Irrigation 
 Continue irrigation in the upper part of 510 Bench, 530 Bench and 550 Bench in 2012 and thereafter until 

vegetation has established. 

 Add irrigation to the east portion of 570 Bench in summer 2012; monitor irrigation requirement carefully as 
applications should be very short as this is the year of germination. 

 Monitor all irrigation continuously and control water quantities to avoid excess application which may cause 
erosion. 

 

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 and 550 Benches. 

 Test establishment of rabbit brush, a very successful native species in the area (see Photos 8 and  
9 (Appendix A).  Rabbit brush is generally not as deep rooted as sage brush. Also, roots are unlikely to 
penetrate deeply into the very compact and hard landfill cap cover.  Rabbit brush should be planted as  
seedlings (plugs) which have to be ordered in winter of 2011-12 for planting in late Fall of 2012 (available 
from nurseries in the south Okanagan and perhaps elsewhere). 
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 Test establishment of bluebunch wheatgrass (or other bunch grasses) by planting seedlings (plugs) which 
have to be ordered in winter of 2012 for planting in late Fall of 2011-1212 (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 Weed Control 

 The 510, 530 and 550 Benches are all heavily infested with weeds; particularly the upper part of 550 Bench 
(Figure 2).  Summer cypress (Kochia scoparia, Photo 6) is the most extensive weed.  Weed control must be 
implemented; seeding grasses and legumes in areas with weeds is futile.  

 Weed management should be initiated in 2012 by seeding disturbed areas and bare areas in Spring before 
weeds gain control.  Established weeds should be cut before seed-set to restrict the development of weed 
seeds. Such weed cutting may have to be done by hand. Some weeds which have established only to a 
minor extent, such as mustard, should be pulled by hand. 

 Weeds may have to be controlled with herbicide.  As this would be controversial with some of the public, it 
is recommended that non-herbicide weed management be initiated in 2012 and the results evaluated 
before control by herbicide.  

 

5.7 Investigate Nickel Levels in Landfill Cap Soil Material 

The metals scan identifies nickel (Ni) levels in all three samples of the landfill cap material to be in excess to 
 the British Columbia CSR Standards for Wild Land (141 to 482 ug/gm compared with the 100 ug/gm standard) 
(Table 2). There samples are not necessarily representative of all the cap material. However an ecological, or 
human health, risk assessment should be conducted for Ni. Alternatively, background Ni levels in the area where 
the cap materials were sourced should be determined. 
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READY FOR TOPSOIL PLACEMENT

HYDRO-SEEDED SEPT. 2011

LEGEND

A - ACCEPTABLE VEGETATION ESTABLISHMENT; DOMINANTLY BUNCHGRASS WITH MINOR WEEDS.

B - UNSATISFACTORY VEGETATION ESTABLISHMENT; DOMINANTLY WEEDS WITH LITTLE OR NO BUNCHGRASS.

C - UNSATISFACTORY VEGETATION ESTABLISHMENT; BUNCHGRASS, WEEDS AND BARE AREAS.

D - UNSATISFACTORY VEGETATION ESTABLISHMENT; DOMINANTLY BARE AREAS AND WEEDS, WITH SPARSE BUNCHGRASS.

E - BARE, WITH PATCHES OF WEEDS.

NOTE
1. DATE OF PHOTOGRAPH OCTOBER 26, 2011

SLOPE TO HIGHWAY DITCH
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Photo 1. Site ST11-01. Oct 26, 2011 

View to north from 530 Bench road. Acceptable vegetation 

establishment. In foreground vegetation is dominated by crested 

wheatgrass (Agropyron cristatum) with minor hard fescue 

(Festuca pseudovina). The darker vegetation in centre includes 

the weed summer cypress (Kochia scoparia). Note the vigorous 

common rabbit brush (Chrysothamnus nauseous) established in 

the bare area at bottom of photo. 

Photo 2. Site ST11-02. Oct 26, 2011.   

View from the base of 530 Bench. Foreground is crested 

wheatgrass (Agropyron cristatum) with minor hard fescue 

(Festuca pseudovina). The darker vegetation in central part of 

photo is the weed summer cypress (Kochia scoparia). Above the 

summer cypress, crested wheatgrass has established 

continuously, albeit sparsely, on the upper part of 530 Bench. 

  

Photo 3. Site ST11-01. Oct 26, 2011.   

Close-up view of an area similar to the upper part of the 530 

Bench slope in Photo 2. Vegetation is dominantly crested 

wheatgrass (Agropyron cristatum) with minor hard fescue 

(Festuca pseudovina). Crested wheatgrass has established 

continuously, albeit sparsely, on the upper part of 510 Bench. The 

darker vegetation in upper right of photo is the weed summer 

cypress (Kochia scoparia).  

Photo 4. Site ST11-02. Oct 26, 2011.  

View of 530 Bench slope with crested wheatgrass (Agropyron 

cristatum) and bare area for no readily apparent reason. 
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Photo 5. Site ST11-02. Oct 26, 2011.   

Photo shows example of areas which are dominantly weeds 

(Kochia scoparia), with relatively small bare areas and very 

limited grass enablement. 

Photo 6. Site ST11-05. Oct 26, 2011.  

 Photo of Bench 550 which is very poorly vegetated. Photo is 

typical of areas with weeds and bare areas. Weeds in foreground 

are dominantly summer cypress (Kochia scoparia) with minor 

annual ryegrass (Lolium multiflorum). 

  

Photo 7. Site ST11-01. Oct 26, 2011.   

The olive brown lichens on the soil adjacent to the grass are 

Cryptogams. Cryptograms (Cryptogamae) are biological soil 

crusts of lichen-bryophyte microbial communities, which are 

critical structural and functional components of many ecosystems. 

The evidence in the literature suggests that biological soil crusts 

facilitate succession to later series, which can speed up plant 

succession. The presence of these biological soil crusts, which 

are present in much of the areas seeded a few years ago, are 

believed to be beneficial in returning disturbed ecosystems to a 

desirable vegetation succession trajectory. 

Photo 8. Site ST11-01. Oct 26, 2011.  

Photo shows well established common rabbit brush 

(Chrysothamnus nauseous) on gravelly, sandy loam surface soil 

with little or no organic matter. This shrub seeded and has grown 

naturally. It is a common shrub in toe native landscape and holds 

promise as a reclamation species on the landfill cover. In the 

upper right of the photo is crested wheatgrass (Agropyron 

cristatum). 
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Photo 9. Site ST11-08. Oct 26, 2011.   

View of base of slope immediately adjacent to the north perimeter 

of the landfill. Above the upper road cut is the undisturbed slope 

native vegetation of sage brush, rabbit brush and crested 

wheatgrass. The disturbed, dry, gravely loamy sand slope, above 

the lower road, has been naturally invaded by sage brush and 

rabbit brush. This demonstrates the ability of these shrubs to 

establish naturally on these disturbed, dry, exposed slopes. 

Photo 10. Site ST11-07. Oct 26, 2011.   

View form south end of 550 Bench Road to the north. Essentially 

the entire Bench 550 was hydro-seeded in September 2011. The 

seed mix consisted of: 10% Bluebunch wheatgrass, 8% Idaho 

fescue, 2% Sandburg’s bluegrass, 20% Crested wheatgrass, 

15% Hard fescue, 20% Tall wheatgrass, 20% Tall fescue and 5% 

Drylander alfalfa. An 18-18-18 fertilizer, with 50% slow release 

nitrogen, was applied a rate of 450 kg/ha. 

  

Photo 11. Site ST11-07. Oct 26, 2011.   

View of Bench 550 hydro-seeded in September 2011 as 

described for Photo 10. Cat tracks, as well as the rough surface of 

area between tracks, provide micro-topography with small rills, 

ridges and a rough surface. This micro-topography is expected to 

provide increased moisture, hold small amounts of snow and may 

provide limited shade for germinating seed. 

Photo 12. Site ST11-07. Oct 26, 2011. 

Close-up view of Bench 550 hydro-seeded in September 2011 as 

described for Photo 10. 
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Photo 13. Site ST11-07. Oct 26, 2011.   

Reclaimed soil profile on Bench 570 which was hydro-seeded in 

September 2011, as described for Photo 10. The 15 cm thick 

grayish brown surface layer has a loam texture and is loose and 

dry. The dark subsoil layer is a hard, slightly moist, sandy clay.  

Samples were collected; the surface layer is sample # 11-07A 

and the subsoil is # 11-07B. 

Photo 14. Site ST11-11.  

Photo shows stockpile of ‘river silt” used as applied surface soil at 

Site ST11-07 (Photo 13). This alluvial silt was sourced from the 

Ashcroft area. The soil texture ranges from silt to loam. This 

material was sampled (sample # 11-11A).  

 

 

Photo 15. Site ST11-10.  

The three truckloads of dark soil material will be used as applied 

soil on Bench 630. This soil material was sampled (Sample #11-

10A). The surface of the landfill cap on Bench 610, to be covered 

with applied soil, was also sampled (Sample #11-10B).  
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APPENDIX B  
Analytical Results 
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