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EXECUTIVE SUMMARY 

Drilling associated with the oil and gas industry generates 

wastes that must be disposed of in an environmentally safe manner. 

In 1988 a joint research program was developed and implemented by the 

Alberta Research Council and ESSO Resources Canada Limited to 

identify the impact of different loading rates of KCl, NaCl, and 

freshwater gel drilling wastes landspread on Luvisolic soils 

currently occurring in the Cold Lake area. 

During 1990 five site visits were made to complete various 

tasks. The plots were harvested on June 18 and 19 and, again, on 

August 14 and 15 at which time soil sampling was also completed. 

Plant tissue was collected for analytical purposes on June 18. 

Observations, relative to the brome grass growth on the 

various plot treatments, were made throughout the growing season. 

The freshwater gel amended plots had the best growth overall, 

however, the KCl and NaCl plot yields were only slightly below those 

of the gel plots. There were apparent y ield differences between the 

different treatments for each of the waste types, however none of the 

differences were statistically significant. 

The soil and soil/waste samples obtained were analyzed for 

a number of parameters, including pH, CaC0 3 equivalent, soluble ions 

in saturated paste extracts, and total elemental content. 

Following waste application, only treatments FW 4 and FW 5, 

might present a very slight limitation to plant growth as a result of 

pH level. The CaC03 equivalent values indicated that none of the 

treatments would be limiting to plant growth as a result of CaC0
3 

levels. 

The saturated paste extract data illustrated the changes 

that occurred in the soils as a result of waste application and the 

changes that occurred between the 1988, 1989 and 1990 sampling 

events. The mean EC values for all plots and all depths prior to 
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waste application, were well below 1.0 dS/m suggesting that there was 

no limitation to plant growth on the basis of EC (Alberta Soils 

Advisory Committee 1977). Data from the 1990 sampling program 
indicated that only slight limitations to plant growth might occur in 
the KCl 5 and NaCl 10 treatments as a resu 1t of EC level. 

The mean SAR values for a 11 plots and all depths, prior to 
waste application, were below 1.0, suggesting that on the basis of 

SAR levels, the soils presented no limitation to plant growth. The 

1990 data indicated that there were no limitations to plant growth on 

the basis of SAR for all treatments, except a moderate limitation 

associated with the NaCl 10 treatment. The data, relative to Cl 

content in the field plots in 1990, indicated that a significant 

amount was leached downward between the fall of 1989 and 1990. 

Elemental content levels increased or decreased slightly as 

a result of waste addition. Mean values, for the various elements 

determined, were within the range of values normally found in soils. 

The effect of the addition of drilling wastes on the 

elemental enrichment of the brome grass was demonstrated by the 

enrichment ratio (ER) . The tissue from the treated plots exhibited 

slightly elevated levels of chloride for all waste types and boron in 

the KCl amended plots in comparison with the tissue from the control 
plots. 

The application of the different wastes at various rates 

had both positive and negative impacts on the soils and the plants 

grown thereon. Some conclusions with respect to waste application 

rates that can be applied were drawn. Determining maximum tolerable 

loading rates was difficult to do in the absence of guidelines as to 

how "tolerable" is defined . It was also concluded that liming 

potential as well as chloride addition should be used for assessing 

application rates for freshwater gel wastes. 
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1. INTRODUCTION 

Drilling associated with the oil industry generates wastes 

that must be disposed of in an environmentally safe manner. Drilling 

in the Cold Lake area generates a number of different types of wastes 

dominated by freshwater gel wastes and potassium chloride (KCl) and 

sodium chloride (NaCl) types to a lesser extent. Landspreading is 

one of the disposal options available and loading rate guidelines 

have been established by the Energy Resources Conservation Board 

(ERCB 1990). 

The Alberta Research Council is currently conducting 

research into sampling and characterization strategies to 

characterize major drilling waste types on a province wide basis 

(Macyk et al. 1989b). Greenhouse work is being conducted to assess 

the impact of these wastes on soils and plants . Field studies 

designed to validate and calibrate the greenhouse results would be 

very helpful from an operations standpoint to define maximum or 

tolerable loading on the basis of waste type. 

As a result a joint program was developed by the Alberta 

Research Council and ESSO Resources Canada Limited and undertaken ,n 

the Cold Lake area in 1988. This report describes the results of the 
research conducted in 1990. 
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2. OBJECTIVE 

The objective of the experiment is to identify the impact 

of different loading rates of KCl, NaCl, and freshwater gel drilling 

wastes landspread on Luvisolic soils commonly occurring in the 

Cold Lake area. Emphasis will be placed on determining maximum 

tolerable loading rates. The project is expected to continue for a 

minimum of three years to generate meaningful data for the 

development of recommendations . 
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3. MATERIALS AND METHODS 

This section describes the procedures used in collecting 

tissue samples, determining yield and sampling the soils and 

waste/soil mixtures associated with the plots established in 1988 

(Macyk et al. 1989a). 

Figures 1 to 4 illustrate the location of the study area as 

well as the experimental design and key to plot layout for the 

purposes of sample collection and data reporting. 

3.1 PLOT MAINTENANCE 

Five site visits were made during the year to complete 

various tasks. While on site, weed control particularly in the 

border areas between plots was undertaken. During harvest operations 

additional rock and root picking was undertaken. 

Fertilizer was applied on May 15, 1990 at a rate of 

130 kg/ha of 35-15-0 . 

3.2 PLANT TISSUE COLLECTION 

Tissue from the brome grass was collected on June 18, 1990. 

Approximately 30 percent of the crop was headed at the time of 

sampling. It appeared again in 1990 that a higher proportion of the 

crop was headed in the plots with the higher waste application rates 

as compared to the lower rate and control plots . 

Plant material was collected from several locations within 

each plot and the samples were transported to the laboratory in paper 

bags and dried at 70 °C for 24 hours prior to grinding and analysis. 

3.3. YIELD DETERMINATION 

The plots were harvested on June 18 and 19, 1989. A second 

harvest was completed August 14 and 15 to ensure that the plots are 

relatively residue free in the spring of 1990. 

The harvesting was done by use of a lawn mower so that all 

plant material from each plot could be removed (Plate 1). Harvesting 

the entire plot removed any bias from randomly selecting smaller unit 
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Figure 4. Key to plot layout for sample collection and data reporting. 
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Plate 1. Harvesting by use of a lawn mower. 
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areas within each plot and the use of a mower set at a given height 

ensured, to the greatest extent possible, uniform ity in harvest. 

All material from each plot was weighed to determine the 

fresh weight. A subsample of this fresh material was weighed and 

transported to the laboratory for drying so that a dry weight could 

be determined for each plot . 

3.4 SOIL SAMPLING 

Soil sampling was completed August 14 and 15, 1990. 

Samples from the Oto 15 cm depth interval were taken from each plot. 

In some plots a composite sample of five locations was obtained and 

in selected plots five individual samples were collected to assess 

degree of variability of the chemical parameters. Use of a truck 

mounted core sampling unit allowed for sampling of the 15 to 30 cm, 

30 to 45 cm, 45 to 60 cm, 60 to 75 cm, 75 to 90 cm, and additional 

depth intervals to 150 cm at some locations (Plates 2 and 3). 

Details regarding sample distribution are provided in Table 1. 

3.5 CLIMATE MONITORING 

Climate monitoring equipment installed at the experimental 

site in 1989 was maintained during 1990. Data collection included 

the measurement of air and soil temperature, precipitation, wind 

speed and direction , solar radiation and relative humidity . Rainfall 

amount and intensity was also measured. In the latter part of the 

summer some of the equipment was dismantled and removed because of 

the problems associated with obtaining accurate soil moisture data in 

the KCl and NaCl plots . 

3.6 METHODS OF ANALYSIS 

This section describes the methods used for analysis of the 

soils, soil and waste mixtures , and the tissue collected. 
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Plate 2. Sampling with a core truck unit . 

Plate 3. Zone of waste incorporation readily evident in core sample. 
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Table 1. Soil samples collected from the individual plots. 

Plot No. Treatment Sample No. Depth (cm) 

1 FWG 3 TME 1 0 to 15 
1 TME 2 15 to 30 
1 TME 3 30 to 45 
1 TME 3a 45 to 60 
1 TME 3b 60 to 75 

2 FWG 2 TME 4 0 to 15 

3 FWG 1 TME 5 0 to 15 

4 FWG 5 TME 6 to TME 10 0 to 15 

5 FWG 4 TME 11 0 to 15 
5 TME 12 15 to 30 

6 FWG 3 TME 13 0 to 15 

7 FWG 4 TME 14 0 to 15 
7 TME 15 15 to 30 
7 TME 16 30 to 45 
7 TME 17 45 to 60 
7 TME 17a 60 to 75 
7 TME 18 75 to 90 
7 TME 18a 90 to 110 

8 FWG 2 TME 19 0 to 15 
8 TME 20 15 to 30 

9 FWG 1 TME 21 0 to 15 

10 FWG 5 TME 22 to TME 26 0 to 15 
10 TME 27 to TME 31 15 to 30 
10 TME 32 30 to 45 
10 TME 33 45 to 60 
10 TME 33a 60 to 75 
10 TME 34 75 to 90 
10 TME 34a 90 to 105 
10 TME 34b 105 to 115 

11 FWG 3 TME 35 to TME 39 0 to 15 

12 FWG 4 TME 40 0 to 15 

continued . 
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Table 1. Continued . 

Plot No. Treatment Sample No. Depth (cm) 

13 FWG 1 TME 41 0 to 15 
13 TME 42 15 to 30 
13 TME 43 30 to 45 
13 TME 44 45 to 60 
13 TME 44a 60 to 75 
13 TME 44b 75 to 90 
13 TME 44c 90 to 105 

14 FWG 5 TME 45 0 to 15 
14 TME 46 15 to 30 
14 TME 47 30 to 45 
14 TME 48 45 to 60 
14 TME 48a 60 to 75 
14 TME 48b 75 to 90 
14 TME 48c 90 to 105 

15 FWG 2 TME 49 Oto 15 

16 KC l 4 TME 50 to TME 54 0 to 15 
16 TME 55 to TME 59 15 to 30 
16 TME 60 30 to 45 
16 TME 61 45 to 60 
16 TME 61a 60 to 75 
16 TME 62 75 to 90 
16 TME 62a 90 to 110 

17 KC l 1 TME 63 0 to 15 

18 NaCl 7 TME 64 0 to 15 

19 NaCl 9 TME 65 to TME 69 0 to 15 
19 TME 70 to TME 74 15 to 30 
19 TME 75 30 to 45 
19 TME 76 45 to 60 
19 TME 76a 60 to 75 
19 TME 77 75 to 90 
19 TME 77a 90 to 110 

20 NaCl 8 TME 78 0 to 15 

21 KC l 3 TME 79 to TME 83 0 to 15 

22 NaCl 6 TME 84 0 to 15 
22 TME 85 15 to 30 

continued . .. 
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Table 1. Continued. 

Plot No. Treatment Sample No. Depth (cm) 

22 NaCl 6 TME 86 30 to 45 
22 TME 87 45 to 60 
22 TME 87a 60 to 75 
22 TME 87b 75 to 90 
22 TME 87c 90 to 105 
22 TME 87d 105 to 120 
22 TME 87e 120 to 130 

23 NaCl 10 TME 88 to TME 92 0 to 15 
23 TME 93 to TME 97 15 to 30 
23 TME 98 30 to 45 
23 TME 99 45 to 60 
23 TME 99a 60 to 75 
23 TME 99b 75 to 90 
23 TME 99c 90 to 105 
23 TME 99d 105 to 120 
23 TME 99e 120 to 140 

24 KCl 4 TME 100 0 to 15 

25 KCl 5 TME 101 to TME 105 0 to 15 
25 TME 106 to TME 110 15 to 30 
25 TME 111 30 to 45 
25 TME 112 45 to 60 
25 TME 112a 60 to 75 
25 TME 113 75 to 90 
25 TME 113a 90 to 105 
25 TME 113b 105 to 120 
25 TME 113c 120 to 140 

26 KC l 5 TME 114 0 to 15 
26 TME 115 15 to 30 

27 NaCl 7 TME 116 to TME 120 0 to 15 
27 TME 121 15 to 30 

28 NaCl 10 TME 122 to TME 126 0 to 15 
28 TME 127 to TME 131 15 to 30 
28 TME 131a 30 to 45 
28 TME 131b 45 to 60 
28 TME 131c 60 to 75 
28 TME 131d 75 to 90 
28 TME 131e 90 to 105 
28 TME 131f 105 to 120 

continued . 
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Table 1. Continued. 

Plot No. Treatment Sample No. Depth (cm) 

28 NaC 1 10 TME 131g 120 to 135 
28 TME 131h 135 to 150 

29 KC 1 4 TME 132 0 to 15 
29 TME 133 15 to 30 
29 TME 134 30 to 45 
29 TME 135 45 to 60 
29 TME 135a 60 to 75 
29 TME 136 75 to 90 
29 TME 136a 90 to 105 
29 TME 136b 105 to 120 
29 TME 136c 120 to 135 

30 KC 1 3 TME 137 0 to 15 

31 NaCl 9 TME 138 to TME 142 0 to 15 
31 TME 143 to TME 147 15 to 30 
31 TME 148 30 to 45 
31 TME 149 45 to 60 
31 TME 149a 60 to 75 

32 NaCl 6 TME 150 0 to 15 

33 KC l 2 TME 151 0 to 15 

34 NaCl 7 TME 152 to TME 156 0 to 15 
34 TME 157 15 to 30 

35 NaCl 8 TME 158 to TME 162 0 to 15 
35 TME 163 15 to 30 
35 TME 164 30 to 45 
35 TME 165 45 to 60 
35 TME 165a 60 to 75 
35 TME 166 75 to 90 
35 TME 166a 90 to 105 

36 NaCl 9 TME 167 to TME 171 0 to 15 
36 TME 172 15 to 30 

37 KCl TME 173 0 to 15 

38 NaCl 10 TME 174 to TME 178 0 to 15 
38 TME 179 to TME 183 15 to 30 
38 TME 184 30 to 45 

continued . . . 



15 

Table 1. Concluded. 

Plot No. Treatment Sample No. Depth (cm) 

38 NaCl 10 TME 185 45 to 60 
38 TME 185a 60 to 75 
38 TME 186 75 to 90 
38 TME 186a 90 to 105 
38 TME 186b 105 to 120 
38 TME 186c 120 to 135 

39 KCl 3 TME 187 0 to 15 

40 KCl 2 TME 188 0 to 15 

41 NaCl 6 TME 189 0 to 15 

42 KCl 1 TME 190 to TME 194 0 to 15 

43 KCl 1 TME 195 0 to 15 
43 TME 195a 15 to 30 
43 TME 195b 30 to 45 
43 TME 195c 45 to 60 
43 TME 195d 60 to 75 
43 TME 195e 75 to 90 
43 TME 195f 90 to 105 
43 TME 195g 105 to 120 
43 TME 195h 120 to 135 

44 NaCl 8 TME 196 to TME 200 0 to 15 
44 TME 201 to TME 205 15 to 30 
44 TME 206 30 to 45 
44 TME 207 45 to 60 
44 TME 207a 60 to 75 
44 TME 207b 75 to 90 
44 TME 207c 90 to 105 
44 TME 207d 105 to 120 
44 TME 207e 120 to 135 
44 TME 207f 135 to 150 

45 KC l 2 TME 208 to TME 212 0 to 15 
45 TME 213 to TME 217 15 to 30 
45 TME 218 30 to 45 
45 TME 219 45 to 60 
45 TME 220 60 to 75 
45 TME 221 75 to 90 
45 TME 222 90 to 105 
45 TME 223 105 to 120 
45 TME 224 120 to 135 
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3.6.1 Drilling Waste and Soil Analyses 

Soil pH was measured in a paste (Doughty 1941) and in a 

2:1 slurry of 0 .01 M CaC1 2 (Peech 1965 ) . Total carbon content was 

measured with a LECO CR12 carbon analyser (Leco Corporation 1979), 

and CaC03 equivalent by acid dissolution (Bascomb 1961). Saturated 

pastes were prepared according to the USDA Soil Salinity Laboratory 

method (USDA 1954; Rhoades 1982); were extracted and the extracts 

filtered through a 0.45 mm filter and analyzed for pH, electrical 

conductivity, alkalinity, chloride, and for soluble salts (Na, K, Ca, 

Al, Cr, Fe, V, Ti, Cd, Cu, Pb, Zn, Mn, Mg, Li, Sr, B, Ba, P, S, Mo, 

Ni, Se, As, Co, Si) using an ARL model 34000 simultaneous Inductively 

Coupled Plasma Atomic Emission Spectrometer (ICP-AES) . Cation 

exchange capacity (CEC) and extractable cations were determined by 

extraction with a normal (1 Mat pH 7.0) ammonium acetate solution 

(Holmgren et al. 1977), where NH 4 ions were determined by a Tecator 

Kjeltec Auto 1030 Analyser distillation and titration unit and the 

exchangeable ions by the ICP-AES. 

DTPA-NH 4 HC0 3 extractable elements (Fe, Cd, Cu, Pb, Zn, Mn, 

Ca, Mg, Na, K, B, P, Mo, Ni , Se) were determined by the method of 

Soltanpour and Workman (1981). Total elemental analysis of the 

samples was done by digestion in a CEM microwave digestion system . 

The procedure used included ashing the material overnight in a 425°C 

muffle furnace, digestion in a teflon bomb in the microwave oven with 

1.5 ml HN0 3 , 4.5 ml HCl, and 10 ml HF for 10 min at 100% power, 

20 min at 50% power , and 10 min at 100% power . The digested 

solutions were transferred and made up with saturated H
3

B0
3 

to 50 ml, 

and the metal concentrations measured using ICP-AES. 

3.6.2 Methods of Plant Analys is 

The grass samples were digested with a concentrated 

HN0 3 - HC10 4 acid mixture in a teflon bomb heated in a CEM microwave 

digestion unit and the solution concentration of Al, Fe, Zn, Mn, Ca, 

Mg, Na, K, Sr, P, Ba, Mo, B, S, Si, and As measured by ICP-AES and Cd 

and Pb by graphite furnace atomic absorption. Chloride content was 

determined by the sodium nitrate extraction procedure of 

Gaines et al. (1984). 
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4. RESULTS AND DISCUSSION 

Data pertinent to the properties of the soils prior to 

waste application and subsequent to waste application were reported 

by Macyk et al. (1989a). Data pertinent to the climatic parameters 

measured, the properties of the soils and soil/waste mixtures, and 

the elemental composition of the brome grass tissue for the 

individual plots in 1990 are provided in this section of the report. 

4.1 PLOT TREATMENTS 

The plot treatment s illustrated in Figure 3 represent 

various applicat ion rates of waste based on chloride concentration. 

Initially, the objective of the experiment was to apply O(control), 

450 kg Cl/ha, 900 kg Cl/ha, 1800 kg Cl/ha, and 3600 kg Cl/ha. It was 

not possible to achieve anywhere near the suggested rates using the 

freshwater gel simply because of its low chloride content relative to 

the other waste types . Levels very close to the target values were 

achieved with the use of the KCl and NaCl materials. Table 2 

provides the chloride levels applied for each of the treatments. 

4.2 CLIMATE DATA 

Climate data were obtained for most of the calendar year 

1990. Data pertinent to air temperature, relative humidity, solar 

radiation, wind direction , wind speed , and rainfall intensity are 

available in hard copy form for the period January 1 to October 30, 

1990. During this period there were some gaps in the data due to 

equipment malfunction. October 30 represents the date when the last 

trip was made to the field to collect the data packs from the 

continuous monitoring equipment. 

It is important to note that all data are recorded on a 

mean value per hour basis. Measurements are made every three minutes 

and mean values computed and recorded hourly. For example, a value 

recorded at 14:00 hr represents the scans and mean value for the time 

elapsed between 13:00 and 14:00 hr. Time is always expressed as 

Mountain Standard Time. 
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Table 2. Waste application treatments . 

Treatment Chloride Addition (kg Cl/ha) 

Freshwater gel 1 0 
Freshwater gel 2 15 
Freshwater gel 3 30 
Freshwater gel 4 60 
Freshwater gel 5 120 

KC l 1 0 
KCl 2 500 
KCl 3 1000 
KCl 4 2000 
KCl 5 4000 

NaCl 6 0 
NaCl 7 350 
NaCl 8 700 
NaCl 9 1400 
NaCl 10 2800 
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4.2.l Air Temperature 

The more important factors associated with air temperature 

relate to extremes including minimum and maximum va lues and their 

duration. Frost-free period is one parameter that can be obtained 

from these data. For example, on June 14 the mean air temperature 

was -0.3°C from 2:00 to 3:00 a.m., -0.8°C from 3:00 to 4:00 a.m., and 

-0.9 °C from 4:00 to 5:00 a.m. On September 9 mean air temperature 

was below o•c from 4:00 to 7:00 a . m. Using these data one calculates 

a frost-free period of 87 days. 

The maximum mean hourly air temperature recorded during the 

measurement period was 32.5°C on August 6. 

4.2.2 Precipitation 

The total amount of precipitation that occurs during the 

growing season is critical, however, the distribution of rainfall 

throughout the season is important for effective plant establishment 

and growth. The tipping bucket rain gauge is useful for assessing 

the distribution and intensity of rainfall events. A total of 206 mm 

occurred during the period May 15 to October 30, 1990. More 

specifically : 

May 15 to May 31 

June 1 to June 30 

July 1 to July 31 

August 1 to August 31 

September 1 to September 30 

October 1 to October 30 

4.3 PLOT YIELD 

- 2 mm 

- 33 mm 

- 96 mm 

- 36 mm 

- 23 mm 

- 16 mm 

Observations relative to the brome grass growth on the 

various plot treatments were made throughout the growing season. The 

brome grass was harvested on June 18 and 19 , 1990 to obtain yield 

values for the different treatments. The freshwater gel treated 

plots had the best growth overall with the FW 2, FW 3, and FW 4 

treatments producing higher mean yields than the FW 1 (control) 
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treatment. Plates 4 and 5 illustrate the growth achieved in a FW 2 

and a FW 5 treatment, respectively. 

The 1989 data indicated that the freshwater gel plot yields 

were at least two fold higher than the KCl and NaCl plot yields 

(Macyk et al. 1990). In 1990 the yields for the KCl and NaCl amended 

plots were only slightly below the freshwater gel yields. The change 

in the yield relationship could be related to the fact that the 

limitations to growth due to chemical properties of the upper 30 cm 

of the soil profile have been reduced during the 1990 growing 

seasons. This topic will be addressed in more detail in the section 

of the report dealing with the analytical data pertinent to the plot 

treatments . 

For the KCl amended plots the control (KCl 1) treatments 

had higher mean yields than the remaining treatments. For the NaCl 

amended plots the mean yields for the NaCl 8 and NaCl 9 treatments 

exceeded the mean yields for the other treatments including the 

control plots. Plates 6 and 7 illustrate the growth achieved in a 

KCl 3 and a KCl 5 treatment, respectively. Plates 8 and 9 illustrate 

the growth achieved in a NaCl 8 and NaCl 10 treatment, respectively. 

The dry weights for the brome grass harvested from each of 

the plots are presented in Table 3. These data allow for some 

comparison between the treatments and the replicates within the 

treatments. Table 4 includes a comparison of mean yield values for 

the different waste amended plots. There were apparent differences 

but no significant differences in yield between the treatments for 

each of the waste types. Figure 5 illustrates the mean yield values 

obtained. 

4.4 FIELD PLOT SOIL PROPERTIES 

A total of 77 soil samples were collected at the 45 plots 

prior to waste application and 207 samples were collected in 

mid-September 1988 approximately two months following waste 

application and incorporation (Macyk et al. 1989a). A total of 224 

samples were collected in mid-August 1990. 
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Plate 4. Grass growth in a FW 2 treatment . 

Plate 5. Grass growth in a FW 5 treatment. 
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Plate 6. Grass growth in a KC] 3 treatment. 

Plate 7. Grass growth in a KCl 5 treatment. 
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Plate 8. Grass growth 1n a NaCl 8 treatment. 

Plate 9. Grass growth in a NaCl 10 treatment . 
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Table 3. Yield (g) for the Esso Field Trial Plots in June, 1990. 

Waste Rate TME Dry Wt. 
(FSN) (g) 

Freshwater 1 3 8933 
Freshwater 1 9 7756 
Freshwater 1 13 8634 
Freshwater 2 2 12186 
Freshwater 2 8 8187 
Freshwater 2 15 7616 
Freshwater 3 1 12085 
Freshwater 3 6 8856 
Freshwater 3 11 5926 
Freshwater 4 4 7614 
Freshwater 4 7 8007 
Freshwater 4 12 9897 
Freshwater 5 5 6794 
Freshwater 5 10 7129 
Freshwater 5 14 8519 

KCl 1 17 5846 
KCl 1 42 9042 
KCl 1 43 8252 
KCl 2 33 5906 
KCl 2 40 8933 
KC l 2 45 7914 
KC l 3 21 7101 
KC l 3 30 8875 
KCl 3 39 5988 
KCl 4 16 5847 
KCl 4 24 7031 
KCl 4 29 7505 
KCl 5 25 7951 
KCl 5 26 6584 

NaC l 6 32 6971 
NaC l 6 41 7137 
NaC l 6 18 8814 
NaC 1 7 27 6571 
NaCl 7 34 5853 
NaC l 7 20 5421 
NaCl 8 35 7640 
NaCl 8 44 9654 
NaCl 8 19 7540 
NaCl 9 31 10499 
NaCl 9 36 8242 
NaCl 9 23 8385 
NaCl 10 28 6659 
NaCl 10 38 5932 
NaCl 10 37 7004 
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Table 4. Comparison of t he Mean Yield Values for the Essa Field 
Trial Plots in 1990. 

Waste Rate N Yie ld 
(g) 

Freshwater 1 3 8440a* 
Freshwater 2 3 9330a 
Fres hwater 3 3 8960a 
Freshwater 4 3 8510a 
Freshwater 5 3 7480a 

KC l 1 3 7710a 
KCl 2 3 7580a 
KCl 3 3 7320a 
KC l 4 3 6790a 
KC l 5 2 7270a 

NaC l 6 3 7640a 
NaCl 7 3 5950a 
NaCl 8 3 8280a 
NaC l 9 3 9040a 
NaC l 10 3 6530a 

* Treatment means of each waste in any one col umn not followed by a 
common letter are sign ificant ly different at 0. 01 probability by 
Tukey's Studentized Range (HSD) Test. 
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Samples representing the Oto 15 cm depth were collected at all plots 

and additional samples representing the 15 to 30 cm, 30 to 45 cm, 45 

to 60 cm, 60 to 75 cm, 75 to 90 cm, 90 to 105 cm and additional depth 

intervals where possible were obtained at selected plots . For most 

plots the surface or Oto 15 cm depth interval sample represented a 

composite of five sampling locations. In selected plots a total of 

five individual samples were collected from the Oto 15 cm and the 15 

to 30 cm depth intervals to as sess variability within individual 

plots. 

The samples obtained in 1988 and 1989 were analyzed for 

several chemical and physical properties, soluble ions in saturated 

paste extracts, plant available trace elements (DTPA extractable) , 

and total elemental content (Macyk et al. 1989a). The samples 

obtained in 1990 were analyzed for some chemical properties as well 

as soluble ions in saturated paste extracts and total elemental 

content to assess the extent of change in salt concentration (EC and 

chloride levels) and elemental levels at the various depths in the 

different treatments. 

4 .4.1 Chemical Properties 

Data for chemical proper t ies including pH and CaC0
3 

equivalent are presented in Appendix I . Table 5 provides mean values 

fo r pH(CaCl 2 ) and CaC03 equivalent for the individual depths within 

the various treatments for 1988 to 1990 inclusive. 

The Alberta Soils Advisory Committee (1977) suggests that 

no limitations to plant growth occur at pH levels in the surface soil 

of 6.5 to 7.5, and that slight limitations occur at levels of 5.5 to 

6.4 and 7.6 to 8.4. The mean pH values in the Oto 15 cm depth 

interval of the freshwater gel plots ranged from 6.5 to 7.0 prior to 

waste application which indicates that these soils exhibited no 

limitation to plant growth. Following waste application, the FW 5 

treatments had a mean pH value of 8 which could result in slight 

limitations to plant growth. The mean value in 1990 was 7.6 which is 

just 0.1 units outside the "good" rating . 



Tobie 5. pH (CoCl2) AND CoCO3 Equlvolent (%) for the Various Treatments . 

Waste Rate Depth pH CaCO3 
cm Pre Post 1989 1990 Pre Post 1989 1990 

Freshwater 1 0-15 6 . 5 7.0 7 . 1 7.2 0 . 44 0.39 0.72 0.48 
1 15-30 - - 7.3 7.5 - - 2.31 3.32 
1 30-45 - - 7 . 6 7 . 6 - - 4 .30 5.27 
1 45-60 - - 7.6 7.7 - - 4 .50 5 . 19 
1 60-75 - - - 7.7 - - - 6 . 07 
1 75-90 - - - 7.7 - - - 5.27 
1 90-105 - - - 7.6 - - - 4.91 

2 0-15 6.6 7.3 7 .3 7 .2 1.40 1.24 1.29 1.25 
2 15-30 - 7 .3 6.9 - 0 . 40 - 0.96 

3 0-15 6 .7 7 .4 7.3 7 . 2 0 . 62 0.82 0 . 94 0.64 
3 15-30 5.0 5 .8 6.9 5.4 - 0 . 02 0.26 0.20 
3 30-45 - - - 5.4 - - - 0.16 
3 45-60 - - - 4.6 - - - 0 .02 
3 60-75 - - - 4 . 4 - - - 0.02 

4 0-15 6.9 7.7 7.6 7 . 6 0.49 0.97 1.07 0 . 85 
4 15-30 7.5 7.0 7.5 7.4 5.89 0.92 1.57 1.50 
4 30-45 7.7 7 .8 7 . 8 7 . 9 4 . 81 5.69 6. 84 7 . 15 
4 45-60 7.7 7.8 7 . 9 7 . 9 4.81 - 4.50 4 .93 N 
4 60-75 - - - 7.9 - - - 5.02 CX) 

4 75-90 - - - 7 . 9 - - - 0 . 12 
4 90-105 - - - 7.9 - - - 5 .50 

5 0-15 7.0 8.0 7.9 7 . 6 0 . 88 1.69 1.90 2.74 
5 15-30 7.5 7.5 7.4 7.5 4.38 1.94 1.63 1.85 
5 30-45 7.5 7.5 7 . 6 7.7 4.86 3 .45 2 .77 4 . 50 
5 45-60 7 .5 7 . 5 7.7 7 . 7 4 . 86 3 . 45 4.33 5.05 
5 60-75 - - - 7.7 - - - 5 . 54 
5 75-90 - - - 7.7 - - - 3.94 
5 90-105 - - - 7.7 - - - 5 . 68 
5 105-120 - - - 7 . 7 - - - 4.89 

Pre • Sampled prior to waste application 
Post • Sampled September 1988 
1989 • Sampled August 1989 
1990 • Sampled August 1990 



Table 5 (Continued) . pH (CaCl2) AND CaCO3 Equivalent (~) for the Various Treatments . 

Waste Rate Depth pH CoCO3 
cm Pre Post 1989 1990 Pre Post 1989 1990 

KCI 1 0-15 7.2 7.3 7.4 7 . 3 1. 73 1.25 2.02 1.98 
15-30 - - - 7.4 - - - 0 . 91 
30-45 - - - 7 . 6 - - - 3 .82 
45-60 - - - 7 .8 - - - 4 . 97 
60-75 - - - 7.8 - - - 6.10 
75-90 - - - 7.8 - - - 5.50 
90-105 - - - 7 .8 - - - 5.42 

105-120 - - - 7 . 7 - - - 5 . 10 
120-135 - - - 7 . 7 - - - 4.68 

2 0-15 7.2 7.3 7.4 7.2 1. 73 1.25 2.02 1.52 
2 15-30 - - - 6.5 - - - 2.53 
2 30-45 - - - 5 .3 
2 45-60 - - - 5.4 
2 60-75 - - - 5.4 
2 75-90 - - - 5.4 
2 90-105 - - - 5.3 
2 105-120 - - - 5.8 
2 120-135 - - - 5 .8 

3 0-15 6. 7 7 . 2 7 . 3 7 . 3 0.66 0 .47 0 .87 1. 11 N 
\,0 

4 0-15 6.8 7 . 4 7 . 4 7 . 4 0.19 1.09 0.64 0 . 68 
4 15-30 6.5 7 .4 6 . 3 7.3 1.64 1.36 0 . 49 0.73 
4 30-45 7 .1 6 .9 6 . 1 7 .4 0 . 46 0 . 71 1.86 0.22 
4 45-60 7 .1 6.9 5.9 7 . 1 0.46 0.35 3 . 41 0.39 
4 60-75 6 .5 5.9 5.4 6.7 0.73 - - 0.04 
4 75-90 6 . 5 5.9 5.4 6 . 6 0.73 - - 0 . 07 
4 90-105 - - - 7 . 1 - - - 0.50 
4 105-120 - - - 6 . 4 - - - 0 .08 
4 120-135 - - - 7 . 4 - - - 2.84 

5 0-15 6 . 7 7.4 7 . 4 7.5 0.53 0.83 1.20 0.42 
5 15-30 6.3 6.0 - 6.9 0 . 22 - - 0 .55 
5 30-45 5.2 4.9 - 4.6 - - - 0 . 18 
5 45-60 5.2 - - 4.6 - - - 0.04 
5 60-75 5 .4 - - 4 . 6 0 . 04 
5 75-90 5.4 - - 4.8 
5 90-105 - - - 4 .9 - - - 0.08 
5 105-120 - - - 5 . 0 
5 120-135 - - - 5 . 2 - - - 0.02 

Pre ~ Sampled prior to waste application 
Post= Sampled Septembe r 1988 
1989 = Sampled August 1989 
1990 = Sampled August 1990 



Tobie 5 (Concluded) . pH (CoCl2) AND CoCO3 Equivalent (%) for the Various Treatments. 

Waste Rote Depth pH CoCO3 
cm Pre Post 1989 1990 Pre Post 1989 1990 

NaCl 6 &-15 6.9 6 . 9 7. 1 7.0 2.04 0.57 1.10 2 . 00 
6 15-30 - - 7 . 3 7 . 5 - - 2 . 49 3.76 
6 3&-45 - - 7.9 7 .8 - - 4.77 4.95 
6 45-60 - - 7.9 7 .8 - - 4.69 6.24 
6 6&-75 - - - 7 . 8 - - - 5 . 39 
6 75-90 - - - 7.8 - - - 4 . 79 
6 9&-105 - - - 7.8 - - - 4. 75 
6 105-120 - - - 7 . 8 - - - 5.15 
6 12&-135 - - - 7.8 - - - 4 . 71 

7 &-15 6 . 7 7.2 7. 1 7 . 1 1.0 0 . 84 0 . 76 0 . 65 
7 15-30 - - 7.2 7 . 2 - - 2 . 61 0 . 74 

8 &-15 6.6 7.6 7.4 7 . 2 0.37 1.27 1.00 0.92 
8 15-30 6.6 7 .1 6 . 9 7 . 5 0.36 0 . 64 0 .85 4.21 
8 3&-45 6 . 6 6 . 6 7 . 1 7 . 7 4.28 3.78 5 . 29 4.38 
8 45-60 6 . 6 6 . 6 7.2 7.7 4.28 4 . 73 2 . 55 3 . 04 
8 6&-75 5.5 5 . 4 6.3 7.8 - - - 3.70 
8 75-90 5.5 5.4 6 . 3 7 .8 - - - 3 . 54 
8 9&-105 - - - 7 .8 - - - 3.12 w 8 105-120 - - - 7 . 6 - - - 5 . 72 0 8 12&-135 - - - 7 . 7 - - - 5.36 
8 135-150 - - - 7 . 7 - - - 12.47 

9 &-15 7.0 7.3 7.4 7.2 0 . 78 0.69 0.74 0 . 39 
9 15-30 6 . 4 6.2 6 . 9 6.8 0. 11 0 . 21 1.19 1.10 
9 3&-45 6 . 2 6.2 6 . 2 6 . 3 0 . 16 0 . 16 0.68 2.79 
9 45-60 6.2 6.1 6.3 6.3 0.16 0 . 08 2.18 3 . 03 
9 6&-75 6.9 6 . 9 - 6 . 5 0 . 16 0.08 - 4.25 
9 75-90 6.9 6 . 9 - 7 . 6 0 . 16 0 . 08 - 4.13 
9 9&-105 - - - 7.6 - - - 3.15 

10 &-15 6.6 7 . 6 7.4 7 . 4 0.37 1.27 1.00 0 . 93 
10 15-30 6 . 6 7. 1 6 .9 7.2 0.36 0.64 0 .85 1.57 
10 3&-45 6. 6 6 . 6 7 . 1 6 . 9 4.28 3.78 5 . 29 5.01 
10 45-60 6.6 6 . 6 7 . 2 6.5 4 . 28 4.73 2.55 1.24 
10 6&-75 5 . 5 5.4 7.3 6.4 - - - 4.93 
10 75-90 5.5 5.4 7.3 6.4 - - - 5.37 
10 9&-105 - - - 6 . 6 - - - 5 . 25 
10 105-120 - - - 7 . 1 - - - 5.33 
10 12&-135 - - - 7 . 6 - - - 4.29 
10 135-150 - - - 7.5 - - - 4.63 

Pre • Samp l ed pr ior to waste application 
Post• Sampled September 1988 
1989 • Samp l ed August 1989 
1990 • Sampled August 1990 
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The mean pH values in the Oto 15 cm depth interval of the 

KCl plots ranged from 6.7 to 7.2 prior to waste application and 7.2 

to 7.5 following waste application. These values indicate that the 

KCl waste additions did not result in pH values that could be 

considered limiting to plant growth. 

The mean pH values in the Oto 15 cm depth interval of the 

NaCl plots ranged from 6.6 to 7.0 prior to waste application and 6.9 

to 7.6 following waste application. These values indicate that the 

NaCl waste additions did not result in pH values that could be 

considered limiting to plant growth except for the NaCl 10 treatment 

which had a mean pH of 7.6 in the fall 1988 and 7.4 in the fall of 

1989 and 1990. 

The Alberta Soils Advisory Committee (1987) suggests that a 

CaC0 3 equivalent value of less than 2% is rated as good in terms of 

evaluating the suitability of surface material for revegetation in 

the Northern Forest Region. Values of 2 to 20% would result in a 

"fair" rating. The mean CaC03 equivalent values in the Oto 15 cm 

depth interval of the freshwater gel plots ranged from 0.44 to 1.40% 

prior to waste application and 0.39 to 1.90% following waste 

application. The FW 5 treatment had a mean value of 2.74% in 1990. 

These values indicate that CaC03 equivalent levels of the treatments 

prior to and fo l lowing waste application would result in a "good" 

rating in terms of soil suitability for plant growth . Similar values 

were also recorded for the KCl and NaCl treatments. 

4.4.2 Saturated Paste Extract Data 

Data for the saturated paste extract analyses are presented 

in Appendix II. These data indicate the magnitude of the soluble 

components in a saturated solution of these materials and can be used 

to assess the suitability of these materials for plant growth and the 

possibility of trace element transport. Table 6 provides more 

detailed data for EC, SAR, and Cl for the individual depths within 

the various treatments. The data include values for the soils 

sampled in May 1988 prior to waste application and then in September 



Tobi e 6 . Mean Values for EC, Cl and SAR for the Various Treatments. 

Waste Rote Depth EC Cl SAR 
cm Pre Post 1989 1990 Pre Post 1989 1990 Pre Post 1989 1990 

Freshwater 1 0-15 0 . 62 0.76 1.06 0 . 40 20 . 3 25 . 1 12 .2 8.8 0.3 0 .5 0.3 0 . 2 
1 15-30 - - - 0.32 - - - 5 . 3 - - - 0 . 3 
1 30-45 - - - 0.23 - - - 4 . 2 - - - 0.4 
1 45-60 - - - 0.25 - - - 7 . 1 - - - 0.4 
1 60-75 - - - 0.23 - - - 5 . 4 - - - 0 . 4 
1 75-90 - - - 0 .22 - - - 4.9 - . - - 0.4 
1 90-105 - - - 0 .22 - - - 5.5 - - - 0 .4 

2 0-15 0 . 51 0 . 91 1.17 0.54 18. 7 22 . 3 19.8 10.7 0 .3 1.9 1.2 0 . 6 
2 15-30 - 0.53 - 0.65 - 11. 7 - 11.9 - 0 .7 - 1.0 

3 0-15 0 .59 1. 14 1.37 0 . 59 17 . 8 33 .0 22 . 4 16. 1 0.3 2 . 6 1.2 0 .8 
3 15-30 0.25 0 . 36 0.93 0 .35 15.9 15 . 8 19 . 3 11.5 0 .4 0 . 7 0 . 8 1 . 0 
3 30-45 0 . 31 - - 0.21 15. 5 - - 9.8 0.4 - - 0.7 
3 45-60 0 . 31 - - 0.25 15. 5 - - 13.8 0 .4 - - 1. 7 
3 60-75 - - - 0 . 13 - - - 9.9 - - - 0 . 9 

4 0-15 0 . 59 1. 10 1. 11 0 . 66 18. 2 36.3 16. 0 17.5 0.3 2.0 1.4 0.9 
4 15-30 0 . 45 0.58 0.49 0 . 54 8 . 8 15 .9 7 . 9 8 . 1 0. 6 0.6 1. 1 0.8 
4 30-45 0 . 36 0.35 0 . 39 0 .34 11.3 11. 6 6.9 5 .7 0.7 0. 7 0 . 6 0 . 5 
4 45-60 0 . 36 0 . 35 0 . 39 0 .28 11.3 11.6 6 . 9 7 . 0 0 . 7 0.7 0 . 7 0 . 5 w 
4 60-75 - - - 0 . 27 - - - 6.0 - - - 0.6 N 

4 75-90 - - - 0 . 30 - - - 7.7 - - - 0.6 
4 90-105 - - - 0 .28 - - - 8 . 6 - - - 0 . 5 

5 0-15 0 . 58 1.39 1.44 0.79 16.3 40.0 32.1 16 .6 0 .3 3.5 2.4 1.4 
5 15-30 0 . 31 0 .80 0 . 73 0 . 61 9 . 6 37 . 9 13. 5 10 .9 0. 4 1. 7 1.3 1.0 
5 30-45 0 . 26 0 .32 0 . 54 0 . 45 8 . 9 15. 8 11.0 9.5 0 .4 0 . 6 0 . 9 0 . 6 
5 45-60 0 . 26 0 .32 0 . 46 0 . 44 8 . 9 15 . 8 9 . 9 18. 2 0 .4 0 . 6 0.4 0 . 5 
5 60-75 - - - 0 . 38 - - - 6 . 5 - - - 0.3 
5 75-90 - - - 0.41 - - - 7 . 3 - - - 0 . 3 
5 90-105 - - - 0 . 39 - - - 9.4 - - - 0 . 4 
5 105-120 - - - 0 .52 - - - 12 . 0 - - - 0 . 4 

Pre • Sampled prior to waste application 
Post• Sampled September 1988 
1989 • Sampled August 1989 
1990 • Sampled August 1990 



Table 6 (Cont i nued) . Mean Values for EC, Cl and SAR for the Various Treatments . 

Waste Rote Depth EC Cl SAR 
cm Pre Post 1989 1990 Pre Post 1989 1990 Pre Post 1989 1990 

KCI 1 0-15 0.51 0 .86 0 . 72 0 . 42 19 . 1 22 . 7 13. 1 13 . 4 0.3 0.5 0.3 0.3 
1 15-30 - - - 0 . 42 - - - 5.8 - - - 0.3 
1 30-45 - - - 0 . 32 - - - 6.2 - - - 0 . 4 
1 45-60 - - - 0.25 - - - 5.1 - - - 0 . 4 
1 60-75 - - - 0 . 26 - - - 4.7 - - - 0 . 4 
1 75-90 - - - 0.25 - - - 5 . 4 - - - 0 . 4 
1 90-105 - - - 0.25 - - - 6 .9 - - - 0 . 4 
1 105-120 - - - 0 . 24 - - - 6.6 - - - 0 . 4 
1 120-135 - - - 0 . 24 - - - 6 .2 - - - 0 . 4 

2 0-15 0.54 1.20 1.09 0 .51 20 . 6 396 .0 118. 8 49 .5 0 .3 0 .8 0.7 0 . 4 
2 15-30 - - 0 . 88 0.61 - - 157. 6 102.4 - - 0 .5 0.5 
2 30-45 - - 0 . 25 0 . 32 - - 51.4 87 . 8 - - 0.4 0 . 4 
2 45-60 - - - 0.24 - - - 57.9 - - - 0 . 5 
2 60-75 - - - 0.16 - - - 36 . 8 - - - 0 .5 
2 75-90 - - - 0 . 12 - - - 18. 2 - - - 1.1 
2 90-105 - - - 0 . 10 - - - 17 . 8 - - - 0 . 6 
2 105-120 - - - 1. 70 - - - 53 . 0 - - - 0 .5 
2 120-135 - - - 0 . 09 - - - 5 . 5 - - - 0.5 

3 0-15 0 .52 2 . 60 2.02 0 . 68 20.3 740 . 0 403 .0 62.5 0 . 3 2 . 0 1.5 0 . 7 
w 

4 0-15 0 .61 2 .87 2.75 0 . 99 22 . 7 1070.0 863 .0 147. 4 0.3 1.8 1.6 0 .8 
w 

4 15-30 0 . 31 0.47 1.09 0 . 71 11.5 69 . 1 386 . 0 150. 5 0 . 4 0 . 4 0.9 0 . 6 
4 30-45 0 . 41 0.80 0 .72 0 . 63 7 . 9 281 . 1 221 .0 158. 7 0 . 3 0 . 5 0.5 0 .4 
4 45-60 0.41 0.5-4 0.72 0 .37 7 . 9 52.5 43 . 2 74 . 8 0.3 0 . 3 0 .5 0.5 
4 60-75 - - - 0.24 - - - 43.0 - - - 0.5 
4 75-90 0 . 23 0 . 13 0 . 09 0 .26 6.0 17. 9 10. 2 50 .5 0.5 0 . 6 1 . 1 0 . 6 
4 90-105 - - - 0 .26 - - - 56 .3 - - - 0 . 5 

5 0-15 0 . 47 3 . 54 1.59 2 . 68 18.2 3135.0 353.0 1214.0 0.3 1.9 1.1 1.3 
5 15-30 0 . 55 2 . 51 - 1.51 17 . 6 889 . 0 - 630.0 0.3 0.8 - 0 . 9 
5 30-45 0 . 19 1 .65 - 0 .49 6.7 555. 0 - 146 .5 0.5 0 . 6 - 0.5 
5 45-60 0.19 - - 0 . 39 - - - 115. 7 0.5 - - 0 . 4 
5 60-75 - - - 0 .21 - - - 56 ,8 - - - 0 .4 
5 75-90 0 . 10 - - 0 . 20 - - - 45 .9 0 . 5 - - 0 ,5 
5 90-105 - - - 0 . 14 - - - 29 . 5 - - - 0 . 5 
5 105-120 - - - 0. 11 - - - 19.2 - - - 0.6 
5 120-135 - - - 0.08 - - - 12 .3 - - - 0.5 

Pre • Sampled prior to waste application 
Post • Sampled Septembe r 1988 
1989 • Sampled August 1989 
1990 • Sampled August 1990 



Tobie 6 (Concluded) . ~eon Values for EC, Cl and SAR fo r the Vari ous Treatments . 

Waste Rate Depth EC Cl SAR 
cm Pre Post 1989 1990 Pre Post 1989 1990 Pre Post 1989 1990 

NaCl 6 0-15 0 .53 0 . 70 0.89 0.42 25. 9 35 . 6 37.2 26.7 0.4 0.5 0.3 0.4 
6 15-30 - - 0 . 76 0.45 - - 18 . 2 - - - 0.3 0.4 
6 30-45 - - 0 . 24 0 .26 - - 8 .2 - - - 0 . 4 0 .5 
6 45-60 - - 0.23 0 . 25 - - 7 . 0 - - - 0.5 0.4 
6 60-75 - - - 0 ,24 - - - - - - - 0 .4 
6 75-90 - - - 0.24 - - - - - - - 0 .5 
6 90-105 - - - 0 . 24 - - - - - - - 0 .5 
6 105-120 - - - 0 . 23 - - - - - - - 0 . 4 
6 120-135 - - - 0 . 22 - - - - - - - 0 .5 

7 0-15 0 .57 1.95 1.20 0.51 22 . 2 480 .0 151 . 0 57.0 0 . 3 4 . 7 2 . 9 1. 1 
7 15-30 - - 0 . 58 0 . 97 - - 75 . 0 190.8 - - 1. 1 2 .2 

8 0-15 0 . 61 1.38 1.80 0.55 20.8 870.0 331 . 0 78.9 0.3 5 . 2 4 .5 1. 7 
8 15-30 0.55 0 . 49 2 . 01 0.62 13. 1 85 . 1 496 . 5 134.9 0.3 0.5 2 .7 2.1 
8 30-45 0 . 34 0 . 28 0 . 43 0.43 9 . 1 90.3 51.0 62 .0 0 . 3 0.4 0 .7 0 . 8 
8 45-60 0 . 34 0 . 27 0 .33 0.56 9 . 1 9.7 41.1 113. 9 0 . 3 - 0 . 5 0.5 
8 60-75 0.36 - - 0.63 6.9 - - 146 .6 0.4 - - 0.4 
8 75-90 0 . 36 - - 0.60 6.9 - - 136 .7 0.4 - - 0 . 4 
8 90-105 - - - 0.42 - - - 71.1 - - - 0 . 4 
8 105-120 - - - 0.25 - - - 20 .1 - - - 0 . 4 w 
8 120-135 - - - 0 .24 - - - 13. 8 - - - 0.4 .,I::, 

8 135-150 - - - 0 .24 - - - 7 . 6 - - - 0.4 

9 0-15 0 . 60 3 . 01 1.80 0 .72 23 . 4 876 . 0 325 .0 104. 2 0 . 6 8 . 5 5 . 3 3.4 
9 15-30 0 . 39 - - 0 . 69 19 . 2 168. 0 307 .0 129 . 6 0 .4 1.3 2 . 6 3 . 4 
9 30-45 0 . 21 - - 0 . 69 12.8 114. 2 135 . 4 229.9 0.2 2.1 1.6 0 . 8 
9 45-60 0 . 21 - - 0 .52 12.8 188.2 116.5 120. 0 0 .2 4 . 1 1.7 0.6 
9 60-75 0 . 16 - - 0.36 16. 4 144. 1 - 124. 5 0 .2 5 . 6 - 0.6 
9 75-90 0 . 16 - - 0 .37 16. 4 144. 1 - 59 . 0 0.2 5.6 - 0 . 6 
9 90-105 - - - 0.39 - - - 68 . 4 - - - 0.4 

10 0-15 0 . 51 7 . 27 5 .36 2.39 24 . 4 3352 .0 1728. 0 956 . 5 0.5 23 . 5 15 . 2 11.4 
10 15-30 0.46 0.96 - 2.03 14. 6 206 . 1 539 . 0 598 . 0 0 .5 0.9 4.4 6 . 5 
10 30-45 0.25 0 . 31 - 0 .92 7.5 42 . 6 306. 0 332. 0 0 .3 0 . 7 2 . 8 0 . 9 
10 45-60 0 . 25 0 . 22 - 0 .38 7 . 5 25 . 4 192. 0 129.2 0 .3 0 . 8 2.8 0 . 5 
10 60-75 0.12 0 . 11 - 0. 22 8.2 20 . 2 454 . 0 56. 8 0 . 1 0 .9 4 . 8 0 . 4 
10 75-90 0.12 0. 11 - 0 .21 8 . 2 20 . 2 454.0 58.6 0.1 0 . 9 4 . 8 0.6 
10 90-105 - - - 0.26 - - - 46 . 4 - - - 0 . 4 
10 105-120 - - - 0 .26 - - - 34.3 - - - 0 . 4 
10 120-135 - - - 0.28 - - - 24.2 - - - 0 . 4 
10 135-150 - - - 0.25 - - - 20.0 - - - 0 . 3 

Pre • Sampled prior to waste application 
Post • Sampled September 1988 
1989 • Sampled August 1989 
1990 • Sampled August 1990 
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1988, August 1989 and August 1990. Waste application and 

incorporation was completed in July 1988 (Macyk et al. 1989a) . 

These data illustrate the changes that occurred resulting 

from the waste application and the subsequent change with time. 

These data can be compared to existing criteria to assess soil 

quality or the extent of limitation to plant growth that may occur. 

4.4.2.1 Electrical conductivity (EC) values. The Alberta Soils 

Advisory Committee (1977) suggests that no limitations to plant 

growth occur at EC levels of Oto 2 dS/m, slight limitations occur at 

2 to 4 dS/m, moderate limitations occur at 4 to 8 dS/m, and severe 

limitations occur at values greater than 8 dS/m. 

The mean EC values for all plots and all depths prior to 

waste application were well below 1.0 dS/m with the highest values of 

about 0.6 dS/m in the Oto 15 cm depth interval (Table 6). This 

indicated that on the basis of EC values the soils presented no 

limitation to plant growth. Following the application of waste 

materials the soil EC values increased at all locations. In the 

freshwater ge l plots the maximum EC values were in the 1.39 to 1.44 

dS/m range. These values suggested that the EC levels of the plot 

soils would present no limitation to plant growth. For all of the 

freshwater gel treatments the EC values in the Oto 15 cm depth 

interval decreased from 1989 to 1990. Changes in EC levels for the 

FW 5 treatment are illustrated in Figure 6. 

Changes in EC levels in the KCl plots were greater than 

those in the freshwater gel plots and are illustrated for KCl 4 plots 

in Figure 7. For all treatments the EC values in the Oto 15 cm 

depth interval decreased from the fall of 1988 to August 1989 and 

similarly from 1989 to 1990 with the exception of the KCl 5 

treatments. This indicates the degree of leaching that occurred. On 

the basis of the soil quality criteria described above, treatments 3, 

4, and 5 would have had slight limitations to plant growth on the 

basis of EC for the Oto 15 cm depth in the fall of 1988. In the 

fall of 1990 only the FW 5 treatments would have had a slight 
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Figure 6 . Change in Mean EC Values for the Freshwater Gel 
Rate 5 Plots. 
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Figure 7. Change in Mean EC Values for the KCl Rate 4 Plots. 
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limitation to plant growth on the basis of EC. 

In the NaCl plots the mean EC values were somewhat higher 

than in the freshwater gel and KCl plots. The trends regarding the 

changes that occurred with time are similar to the freshwater gel and 

KCl treatments. The highest application rate of NaCl waste resulted 

in EC levels that suggested a moderate limitation to plant growth. 

The mean EC value for the NaCl 10 treatment was 7.27 dS/m in the fall 

of 1988 and decreased to 5.36 dS/m by the fall of 1989 and 2.39 dS/m 

in the fall of 1990. 

4.4 . 2.2 Sodium adsorption ratio (SAR) values. The Alberta Soils 

Advisory Committee (1977) presented the following criteria for SAR 
levels in soil : 

SAR Value 
No limitation <4 

Slight limitation 4 to 8 
Moderate limitation 8 to 12 
Severe limitation >12 

The mean SAR values for all plots and all depths prior to 

waste application were below 1.0 suggesting that on the basis of SAR 

levels the soils presented no limitation to plant growth. Following 

waste application the soil SAR values increased at almost all depths 

and all plots. In the freshwater gel plots the maximum SAR values 

were in the range of 2 to 3 which suggest that the SAR levels of the 

plot soils would present no limitation to plant growth. For all 

treatments the mean SAR values in the Oto 15 cm depth interval 

decreased between the fall of 1988 and 1989, and the fall of 1989 and 

1990. Changes in SAR levels for all depth intervals in the FW 5 

treatments are illustrated in Figure 8. 

The maximum mean SAR value was 2 in the Oto 15 cm depth 

interval for all of the KCl treatments following waste application 

indicating that the KCl plot treatments would not be limiting to 

plant growth on the basis of SAR levels. 



Figure 8. Change in Sodium Adsorption Ratio (SAR) Mean Values 
for the Freshwater Gel Rate 5 Plots. 
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In the NaCl plots the mean SAR values were somewhat higher 

than in the freshwater gel and KCl plots. Following waste 

application treatments 8, 9, and 10 had mean SAR levels of 6, 9, and 

21 respectively in the Oto 15 cm depth interval. These SAR values 

reflect the potential for slight to severe limitations to plant 

growth. The changes that occurred from the fall of 1988 to the fall 

of 1990 indicate that only the NaCl 10 treatment has the potential 

for moderate limitation to plant growth due to SAR level (Figure 9). 

4.4.2.3 Chloride values. Maas (1986) indicated that the maximum 

chloride content that could be present in saturated extracts without 

loss of yield in grasses ranges from 1000 to 2600 ppm. Table 6 

indicates that the mean chloride values for the various depths in the 

plot so i ls ranged from 6.0 to 22.7 mg/L (ppm) prior to waste 

application. Following the application of waste materials the Cl 

values increased at most depths in all plot treatments. The smallest 

change in Cl content occurred in the freshwater gel plots simply 

because of the low Cl leve l s in the gel wastes applied. Leaching of 

the Cl was evident by the changes that occurred between 1988 and 

1990. Using the criteria of Maas (1986) indicates that the chloride 

concentration in the plots should have no negative impact on plant 
growth . 

The KCl treatments had considerably higher Cl additions 

than the freshwater gel treatments. The rapid leaching of the Cl 

following waste application is i llustrated in Figure 10. Using the 

value of 1000 ppm Cl as the level in soil that begins to impact plant 

growth , suggested that some limitation was possible for treatment 

KCl 4 and definitely a problem for treatment KCl 5 in the fall of 

1988. The mean Cl values for the Oto 15 cm depth decreased in 1989 
and again in 1990. 

The trends associated with Cl levels in the KCl waste 

treated plots were repeated in the NaCl waste treated plots. The 

rapid leaching of Cl is illustrated in Figure 11 . Using the value of 

1000 ppm Cl as the level in soil that begins to impact plant growth 



Figure 9. Change in Sodium Adsorption Ratio (SAR) Mean Values 
for the NaCl Rate 10 Plots. 
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Figure 10. Change in Mean Chloride Values for the KCL Rate 4 Plots. 
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indicated that in the fall of 1990 there should not be a limitation 

associated with any of the plot treatments. 

4.4.3 Total Elemental Analysis Data 

Data for the total elemental analyses are presented in 

Table 7. These data can be used to assess the potential for heavy 

metal and other trace element contamination. Elemental content 

levels increased or decreased slightly as a result of waste addition. 

Values for the total elemental content of the various treatments were 

compared to the values for total elemental content of soils presented 

in Table 8 (Lindsay 1979). All mean values for the various elements 

shown in Table 7 were within the range of values normally found in 

soils, except for Ca which was slightly below the minimum levels 

indicated. 

4.5 TISSUE ANALYSIS DATA 

The total elemental content data for the brome grass tissue 

collected in 1990 are presented in Table 9. 



Tobie 7 . Total Elemental Analysis Doto for the Soil s and Soil/Waste Mix tures in 1990 . 

Plot Sompl e Depth Mn No K Co Mg p Al Fe Ti 
No : No: cm Treatment mg/g mg/ g mg/g mg/g mg/g mg/g mg/g mg/g mg/g 

3 TME5 0 to 15 FWG 1 0 . 296 6.32 9 . 29 5 . 05 2.90 0 . 384 31 . 09 10.92 1 . 757 
9 TME21 0 to 15 FWG 1 0 . 359 6.85 9.67 5 . 93 3 . 17 0.414 32 .36 10 . 68 1 .851 

13 TME41 0 to 15 FWG 1 0.384 6.42 9 . 08 4 .89 2.88 0 . 361 33. 42 12 .26 1 . 740 
13 TME42 15 to 30 FWG 1 0.328 5 .72 9.99 4.46 3.20 0.360 31.86 16.08 1.876 
13 TME43 30 to 45 FWG 1 0.299 4.70 9.32 4 .34 3 . 12 0.348 27 . 29 16.23 1. 740 
13 TME44 45 to 60 FWG 1 0.279 5.28 8 . 98 9.64 4 . 68 0 . 326 29 .37 15 .77 1. 796 
13 TME44o 60 to 75 FWG 1 0.342 5.40 10.39 5 .44 3.74 0 . 375 31 .00 17 .78 2 .052 
13 TME44b 75 to 90 FWG 1 0.332 4 . 82 9 . 01 5 . 16 3 . 67 0.344 27 . 12 15.29 1.785 
13 TME44c 90 to 105 FWG 1 0.315 5.40 10.30 5 .43 3 . 40 0.350 29 . 01 15 .32 1.872 
2 TME4 0 to 15 FWG 2 0.303 6.89 9.86 4 . 18 2.60 0.488 30 . 94 10 .25 1.904 
8 TME19 0 to 15 FWG 2 0 . 318 6 . 81 9 . 20 3 .95 2 . 61 0.444 29 .58 12 .25 1.660 
8 TME20 15 to 30 FWG 2 0 . 348 6 . 55 9.00 4.28 2.32 0.379 28.69 9.58 1. 760 

15 TME49 0 to 15 FWG 2 0.373 6 . 78 10 . 39 4.49 2 . 42 0 . 526 31. 28 13 .58 2.050 
1 TME1 0 to 15 FWG 3 0 . 293 6.48 10 . 84 2.89 1.67 0 . 448 32.61 11 .56 1 .863 
1 TME2 15 to 30 FWG 3 0.199 5.76 9 . 34 4.05 3.17 0 .281 40 . 68 18 . 10 1.994 
1 TME3 30 to 45 FWG 3 0 . 201 5 .85 9.57 3.55 2 . 62 0 . 253 39.25 17.45 1.945 
1 TME3o 45 to 60 FWG 3 0.228 3.31 5 . 05 3 . 41 1. 91 0 . 823 17 . 81 9 . 18 0.918 
1 TME3b 60 to 75 FWG 3 0 . 087 1.44 2.32 4.50 1. 13 0.849 8 . 11 4 . 19 0 .552 
6 TME13 0 to 15 FWG 3 0 . 348 6.98 9 . 46 4.83 2 . 90 0.463 30 .08 10 . 48 1 .857 

11 TME35 0 to 15 FWG 3 0.374 6 .71 9.49 4.25 2.87 0.405 34.01 13.02 1.898 
11 TME36 0 to 15 FWG 3 0 . 337 6 .76 9.24 3 . 72 2.45 0 . 359 31.87 11 .07 1.935 .;:. 

11 TME37 0 to 15 FWG 3 0.370 6.54 9.09 4.35 2.51 0.344 32.36 11 . 40 1 .931 tJl 

11 TME38 0 to 15 FWG 3 0.275 6. 19 9.33 3.84 2.40 0 . 376 31 . 42 11 . 47 1 .810 
11 TME39 0 to 15 FWG 3 0 . 310 6.55 9 . 45 4 .52 2 . 97 0.419 34.93 13.30 1.907 
5 TME11 0 to 15 FWG 4 0 .31 1 6 . 51 9 . 89 4 .26 3 .25 0 . 510 32. 38 12. 66 1.846 
5 TME12 15 to 30 FWG 4 0.307 6.39 9.98 3.40 2.47 0.438 31 . 17 12 . 10 1.778 
7 TME14 0 to 15 FWG 4 0.406 6.36 10. 14 4 . 15 2 . 65 0 . 441 31. 75 13 .37 1 . 772 
7 TME15 15 to 30 FWG 4 0.336 6.36 10 . 18 4 . 62 3. 25 0 . 433 30.96 14.85 1. 733 
7 TME16 30 to 45 FWG 4 0.373 5 . 13 10 . 97 6 .70 4 . 84 0 . 451 28 . 08 18.47 2 . 048 
7 TME17 45 to 60 FWG 4 0.321 6.05 10.71 7 . 64 5 . 43 0 . 459 30.74 17.34 1.882 
7 TME17o 60 to 75 FWG 4 0.285 5.61 10.33 6 . 18 4.32 0 . 421 28 . 00 16. 39 1 .817 
7 TME18 75 to 90 FWG 4 0 . 300 5.75 10.30 7 .20 4 . 89 0 . 403 28 . 51 15.81 1 .764 
7 TME18o 90 to 110 FWG 4 0 . 227 5 . 49 10. 53 4 . 84 3 . 54 0.406 27 . 04 15 .32 1. 722 

12 TME40 0 to 15 FWG 4 0 . 318 6.38 9.41 4.33 2 . 92 0 . 413 33.38 12. 55 1.948 
4 TME6 0 to 15 FWG 5 0.304 6.64 10.07 4.49 3.32 0.507 32.92 14. 60 1.830 
4 TME7 0 to 15 FWG 5 0 . 297 6.51 9.98 3 . 94 3 .01 0 . 485 32 . 27 13 . 33 1 .807 
4 TME8 0 to 15 FWG 5 0 . 303 6 . 60 9 . 97 4 . 47 3 . 31 0 . 545 31 . 88 14. 15 1 . 887 
4 TME9 0 to 15 FWG 5 0 . 339 6 . 64 9 . 78 6. 17 4 . 40 0 . 558 32. 29 13.66 1 . 831 
4 TME10 0 to 15 FWG 5 0 .307 6.64 10. 11 4.32 3.38 0.588 32.10 13.49 1. 866 

10 TME22 0 to 15 FWG 5 0 . 358 6.23 9 . 90 2.88 2.25 0 . 472 28. 90 12. 91 1 . 759 
10 TME23 0 to 15 FWG 5 0 .332 6 . 35 10 . 73 4.47 3.16 0 . 587 31 .50 14. 97 1. 936 
10 TME24 0 to 15 FWG 5 0.373 6.56 8 . 42 4 . 59 3 . 13 0 . 509 29.40 11 .53 1 . 808 
10 TME25 0 t o 15 FWG 5 0.396 6.89 10.21 3.79 2 . 64 0 . 514 30.31 11. 96 1 . 941 
10 TME26 0 to 15 FWG 5 0.336 6.74 10.43 5.53 4 .00 0 . 554 32. 75 13.93 1 . 984 



Tobie 7 (Cotinued) . Total Elemental Analysis Doto for the Soils and Soil/Waste Mixtures in 1990. 

Plot Sample Depth Cu Zn Mo V Cr Bo Ni Sr Li Zr 
No : No : cm Treatment ug/ g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g 

3 TME5 0 to 15 FWG 1 7.85 33.2 14.9 30. 3 40 . 0 312.1 13.9 91 . 6 11.0 81.9 
9 TME21 0 to 15 FWG 1 8D 42.7 8D 29.8 36 . 4 386.0 8D 100.2 8D 79 .0 

13 TME41 0 to 15 FWG 1 8D 27.8 8D 8D 24 . 5 207.0 8D 90 . 6 8D 17.0 
13 TME42 15 to 30 FWG 1 8D 35.6 80 17. 2 33. 3 129 . 5 80 72 .0 80 32.6 
13 TME43 30 to 45 FWG 1 8D 36.0 BO 19.6 37 . 1 91.3 BD 57 .9 8D 28.7 
13 TME44 45 to 60 FWG 1 8D 57.8 8D 80 31.2 148. 1 8D 86.5 8D 18 . 6 
13 TME44o 60 to 75 FWG 1 8D 48 .9 BD 22.3 30 . 7 117.2 BO 66 . 8 80 37.6 
13 TME44b 75 to 90 FWG 1 BO 33 .7 BD 17. 1 24.8 104. 9 BD 61.0 80 21.3 
13 TME44c 90 to 105 FWG 1 8D 117 .5 8D 16. 7 36.8 151. 6 8D 67 .9 BD 39.0 
2 TME4 0 to 15 FWG 2 8 . 91 41.6 14.3 33. 5 38.6 145 . 5 12.4 93.9 13.2 83.7 
8 TME19 0 to 15 FWG 2 11. 72 37 . 1 22 .1 35.2 60.6 104.7 19 .8 93 . 2 12.3 73 . 1 
8 TME20 15 to 30 FWG 2 7 . 70 31.1 16.9 30.8 50 . 7 231.6 20.1 90 . 7 11. 7 77.5 

15 TME49 0 to 15 FWG 2 8D 41.8 11. 7 33.4 10.3 118. 7 BD 85.5 BD 69 .7 
1 TME1 0 to 15 FWG 3 6.93 32.7 17.7 38.0 45.4 153 . 2 18.8 89 .0 13 . 4 70.5 
1 TME2 15 to 30 FWG 3 6 . 42 39.6 21. 7 53.8 66.1 377.4 24 . 9 94 . 2 19.0 73.6 
1 TME3 30 to 45 FWG 3 7 .12 34 . 1 21.6 50 . 4 62.0 313.5 21.1 92 . 7 18.7 75 .2 
1 TME3a 45 to 60 FWG 3 16 . 53 70 .7 16.5 24.8 117 .4 186. 1 109 .2 54 . 2 BO 44 .7 
1 TME3b 60 to 75 FWG 3 28.00 105.4 8D 13.3 37.0 127.9 23.5 30 .6 BD 26.1 
6 TME13 0 to 15 FWG 3 5.39 36.9 17.3 30 . 5 49.1 184. 1 17.8 98.6 80 82.2 

11 TME35 0 to 15 FWG 3 8D 40 . 1 BD 9 . 1 24.9 147 .3 8D 96 .2 BO 39 .8 
11 TME36 0 to 15 FWG 3 8D 35 .9 BD BD 18.5 91 . 2 BD 93 . 3 8D 36.5 ~ 

11 TME37 0 to 15 FWG 3 8D 32.6 8D 8D 71.1 179.7 8D 94.7 8D 20.6 en 

11 TME38 0 to 15 FWG 3 8D 29.4 BD 7.2 22.2 152.0 BD 86.3 8D 32.7 
11 TME39 0 to 15 FWG 3 8D 34 . 2 8D 8D 27 .1 160 . 6 8D 95 . 3 8D 29.4 
5 TME11 0 to 15 FWG 4 7.45 39.9 19.4 40 . 5 38. 6 108.3 13.0 86 . 5 12.8 79 .3 
5 TME12 15 to 30 FWG 4 9.88 36 . 8 19.8 39.0 36. 8 86.4 13.3 82 . 0 15 . 6 85 .0 
7 TME14 0 to 15 FWG 4 7 .18 37.8 16 . 1 36.1 57.4 171.6 21.3 85 . 9 12.0 78.7 
7 TME15 15 to 30 FWG 4 12 .28 40 . 0 20.0 44. 3 58.5 188.7 22 .2 83 . 5 17 . 1 80.3 
7 TME16 30 to 45 FWG 4 18.04 53 . 6 80 61.6 66.3 137.2 27 . 6 68.5 19 . 9 86.0 
7 TME17 45 to 60 FWG 4 14. 30 48.0 8D 51.3 59. 2 210.6 23.8 82.2 17 . 7 89.5 
7 TME17a 60 to 75 FWG 4 12 . 78 43.0 17.9 48.9 57.0 175.8 20 . 4 74 .0 16.0 83.8 
7 TME18 75 to 90 FWG 4 15.97 41.3 21.4 52 . 2 56.2 174.6 25 . 1 76 . 6 19 .5 87.9 
7 TME18o 90 to 110 FWG 4 12 .34 42.0 20.3 49.6 55.5 123. 1 22.8 67 . 6 15. 8 81 .3 

12 TME40 0 to 15 FWG 4 8D 35.4 8D 8D 21.4 135.5 8D 89.3 BD 24.8 
4 TME6 0 to 15 FWG 5 9.53 53.3 17. 1 43.0 58.8 120.8 16. 1 89.5 13. 3 81.9 
4 TME7 0 to 15 FWG 5 10 .25 41.8 18.8 44.0 43 . 3 71.8 16 .8 81.8 15. 8 79 . 0 
4 TME8 0 to 15 FWG 5 10.37 54 .0 13. 6 45.2 53.2 70.2 19 .4 84 .8 14 . 9 81.1 
4 TME9 0 to 15 FWG 5 10. 64 46 .0 18.4 43.4 46 . 0 132 .2 16. 1 91. 1 13 .2 79.9 
4 TME10 0 to 15 FWG 5 13. 07 44 . 6 17. 1 45.8 46.4 83.9 19.8 84.7 15. 0 84.1 

10 TME22 0 to 15 FWG 5 15.79 40 .7 21.3 46.9 45.5 41.6 24.4 69.9 18. 9 81.1 
10 TME23 0 to 15 FWG 5 10.94 45.5 15. 6 51.6 45.8 80 . 6 17 . 2 83 .9 15 .6 84 . 4 
10 TME24 0 to 15 FWG 5 14.96 45 . 1 26.6 43 . 9 59.1 104.0 28 . 6 89 .5 17 . 5 83.6 
10 TME25 0 to 15 FWG 5 12.87 47 .9 21.3 44.4 44.4 76.7 16.9 87.4 14.9 89.8 
10 TME26 0 to 15 FWG 5 11 . 19 51.1 22.6 50 . 0 48 . 8 109 . 5 21.5 92 .4 16.2 84.3 

8D = Below Detection 



Table 7 (Continued). Total Elemental Analysis Data for the Soils and Sall/Waste Mixtures in 1990. 

Plot Sample Depth Mn No K Co Mg p Al Fe Ti 
No : No: cm Treatment mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g 

10 TME27 15 to 30 FWG 5 0 . 383 6. 22 8.99 3.55 2.19 0.356 27.29 8.94 1. 733 
10 TME28 15 to 30 FWG 5 0.322 6.07 10 . 10 5.48 3.84 0.440 29.15 14. 21 1. 775 
10 TME29 15 to 30 FWG 5 0.249 4 . 81 8.37 3.13 2.25 0 . 320 22 . 82 11. 69 1.452 
10 TME30 15 to 30 FWG 5 0.324 5.76 8.15 2.89 1.90 0.324 24. 11 7 . 72 1 .566 
10 TME31 15 to 30 FWG 5 0.289 5.14 8.32 6.55 4.13 0.348 25.02 12. 33 1.554 
10 TME32 30 to 45 FWG 5 0.231 4.88 8.22 5.99 4.51 0.341 24.72 12. 70 1.483 
10 TME33 45 to 60 FWG 5 0.244 4.46 7.65 4 . 14 3 . 17 0.287 22.07 12.52 1.375 
10 TME33o 60 to 75 FWG 5 0 . 194 3.84 6.57 4.30 2.94 0.252 19.37 10 . 89 1 .229 
10 TME34 75 to 90 FWG 5 0.208 3.62 5.95 3.72 2.64 0.230 17.57 10.07 1. 146 
10 TME34o 90 to 105 FWG 5 0.316 5.61 10 . 11 3.70 2.83 0.397 28.57 16.45 1.934 
10 TME34b 105 to 115 FWG 5 0.270 6. 13 9.75 6.70 4.22 0.366 30. 99 15.99 1.826 
14 TME45 0 to 15 FWG 5 0.384 6.44 9.64 3.05 1.84 0.442 30.91 11.85 1.903 
14 TME46 15 to 30 FWG 5 0.333 6.07 10.05 5 . 39 3.79 0.375 38.44 17.06 1.964 
14 TME47 30 to 45 FWG 5 0.315 5.21 9.47 5.41 3.76 0 . 351 30.94 16.28 1.855 
14 TME48 45 to 60 FWG 5 0 .349 5.86 9.81 5.97 3.67 0.401 29.00 17.35 1 .975 
14 TME48o 60 to 75 FWG 5 0 . 463 5.94 11. 13 5.96 3 . 84 0.457 31.07 19.35 2.127 
14 TME48b 75 to 90 FWG 5 0.321 5.82 10. 21 8.10 4.78 0.420 30.43 17.87 1.995 
14 TME48c 90 to 105 FWG 5 0.396 6 . 04 10.53 5.80 3 . 19 0.414 26.40 16. 61 1.945 
17 TME63 0 to 15 KCI 1 0.342 6.01 8.91 4 . 78 2.64 0.371 30.72 10.77 1. 781 
42 TME190 0 to 15 KCI 1 0.350 7.26 11 .56 7 . 30 5.19 0.423 37.35 15.89 2.026 .p. 
42 TME191 0 to 15 KCI 1 0.383 7 . 04 12.01 6 . 50 4.68 0 . 479 35.22 16.59 2.088 --..J 

42 TME192 0 to 15 KCI 1 0.376 6.67 11. 79 4.75 3 . 39 0.540 33.81 16.76 2.040 
42 TME193 0 to 15 KCI 1 0.354 7.35 11. 70 6.67 4.60 0.498 36.42 15. 51 2.055 
42 TME194 0 to 15 KCI 1 0 .360 6.93 12.35 6.18 3.86 0.521 34.03 15. 57 2.078 
43 TME195 0 to 15 KCI 1 0.372 7.22 11 . 73 5.42 3.89 0.443 36.27 15.33 2.070 
43 TME195o 15 to 30 KCI 1 0.363 7.46 12.50 6.38 4.16 0.491 41.69 18 . 14 2.132 
43 TME195b 30 to 45 KCI 1 0.378 6.28 12.21 4 . 85 3.60 0 . 486 33.22 19.35 2.032 
43 TME195c 45 to 60 KCI 1 1. 358 6.34 12 .19 5.20 3 . 62 0.452 31 .51 18.69 2.085 
43 TME195d 60 to 75 KCI 1 0 . 933 6.78 12.69 8.86 6.43 0.467 36.18 19. 12 2.170 
43 TME195e 75 to 90 KCI 1 0.876 6 . 36 12.25 7.02 4.97 0.448 33.13 18.04 2.056 
43 TME195f 90 to 105 KCI 1 0.994 6.53 12.06 7.81 5.26 0.455 34.03 17. 92 2. 110 
43 TME195g 105 to 120 KCI 1 1.058 6.19 11.58 8.28 5.70 0 . 410 32.75 17.80 2.043 
43 TME195h 120 to 135 KCI 1 1. 182 6.53 12.23 7 .13 5.09 0.434 33.69 18.21 2. 113 
33 TME151 0 to 15 KCI 2 0.374 6.96 10.43 5 . 02 3.50 0 . 412 33.53 12.06 1.980 
40 TME188 0 to 15 KCI 2 0.391 7.28 11 . 39 6.65 4.49 0.484 37.22 15. 16 2.037 
45 TME208 0 to 15 KCI 2 0.999 7.33 11. 59 4 . 98 3.41 0.367 35.46 13. 83 1.974 
45 TME209 0 to 15 KCI 2 1. 139 7.65 10.58 4.08 2.59 0.369 32 . 11 10.37 1.958 
45 TME210 0 to 15 KCI 2 1.260 7.58 10.85 4.37 2.77 0.351 32.74 11. 11 2 . 080 
45 TME211 0 to 15 KCI 2 0.903 7.29 11.21 4 .92 2.85 0.906 35.35 12.54 1. 984 
45 TME212 0 to 15 KCI 2 0.952 7.05 12.02 4.88 3.29 0.728 39.30 17. 15 2 . 075 
45 TME213 15 to 30 KCI 2 1.246 6.09 12.34 4.33 3.14 0 . 321 43.23 20.00 2.098 
45 TME214 15 to 30 KCI 2 1.204 7.03 11.48 6.29 4.40 0.408 33.08 15 . 48 1.970 
45 TME215 15 to 30 KCI 2 1.226 6.38 11. 75 5.35 3.66 0.423 31.65 16.98 1.933 
45 TME216 15 to 30 KCI 2 0.589 7 .19 11 .32 4.08 2.61 1.135 36.41 13. 53 1. 916 



Tobie 7 (Continued) . Total Elemental Analysis Doto for the Soils and Soll/Waste Mixtures in 1990. 

Plot Sample Depth Cu Zn Mo V Cr Bo Ni Sr Li Zr 
No: No: cm Treatment ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g 

10 TME27 15 to 30 FWG 5 11 . 61 35.1 21.8 34.8 39 . 2 117 .0 26 . 4 81.0 15.2 90 . 9 
10 TME28 15 to 30 FWG 5 16.30 42.7 22.8 51. 7 45. 0 168 . 1 28 . 1 75 .3 18. 8 92 . 2 
10 TME29 15 to 30 FWG 5 16.89 31.2 19 . 2 42.0 42 . 2 101. 7 24.3 54.9 19 . 8 82 . 5 
10 TME30 15 to 30 FWG 5 14. 25 32.8 13.5 32.1 30 . 2 89.1 17.3 72 . 2 17 . 3 74 . 1 
10 TME31 15 to 30 FWG 5 18.23 34.5 16.0 46.3 44.3 191.3 31. 1 67.0 20 . 8 91. 7 
10 TME32 30 to 45 FWG 5 22.07 37.6 21.8 49.2 46 . 4 156. 5 28 . 6 62 . 5 24 . 1 90 . 0 
10 TME33 45 to 60 FWG 5 10. 55 34.6 BO 43.9 57 . 0 119 . 5 30. 9 51. 7 14. 2 77 . 3 
10 TME33o 60 to 75 FWG 5 7 . 47 30.4 BO 34.0 35. 4 110 . 1 10. 4 46 . 3 BO 51.1 
10 TME34 75 to 90 FWG 5 27.20 70 . 1 BO 31.4 33.6 103.6 11.0 43 . 6 BO 53 . 5 
10 TME34o 90 to 105 FWG 5 3.23 41.0 BO 40.2 59 . 1 85.7 16. 4 63 . 3 BO 78 . 2 
10 TME34b 105 to 115 FWG 5 BO 37.3 BO 20.6 42 . 5 157. 0 BO 76.6 BO 39 . 8 
14 TME45 0 to 15 FWG 5 BO 31.4 BO BO 25.7 72 .7 BO 81.8 BO 29.5 
14 TME46 15 to 30 FWG 5 BO 34.0 BO 12.8 31.3 281 .3 BO 90 . 3 BO 26.7 
14 TME47 30 to 45 FWG 5 BO 33.5 BO 16. 0 37.6 182.5 BO 71.4 BO 31.1 
14 TME48 45 to 60 FWG 5 4.04 45.2 14. 6 40. 1 31.4 143.9 12.5 71.3 BO 78 . 1 
14 TME48o 60 to 75 FWG 5 7.05 51.3 18.6 50.1 36 .2 146. 2 17. 9 70 . 5 12. 3 85 . 1 
14 TME48b 75 to 90 FWG 5 2.89 48 .0 BO 42. 8 28.3 179. 1 9 . 7 76.8 BO 68 . 7 
14 TME48c 90 to 105 FWG 5 BO 46.7 13.2 38.0 18.3 98.9 10.3 63.8 BO 70.0 
17 TME63 0 to 15 KCI 1 7.89 32.7 16.6 34.0 38.6 256 . 6 16. 6 92.0 13. 9 79 . 5 
42 TME190 0 to 15 KCI 1 15. 94 53 . 1 24.8 44. 6 58.8 248 . 6 28 .3 107 . 8 19.8 112 . 8 
42 TME191 0 to 15 KCI 1 16.93 54 .7 26.2 49.4 60.9 130.9 32 . 2 97 . 6 20 . 6 136 . 0 .,. 
42 TME192 0 to 15 KCI 1 17.05 48.1 22.3 47.1 67.4 74.2 27.6 90 . 0 20.1 111.3 0:, 

42 TME193 0 to 15 KCI 1 16. 39 49 . 8 26.2 44. 7 60.2 170.5 27. 7 108.5 19.7 113 . 8 
42 TME194 0 to 15 KCI 1 15. 23 50 .7 24.5 45 . 9 63 .3 178.9 30. 0 95 . 9 18.6 111. 8 
43 TME195 0 to 15 KCI 1 16. 16 51.2 23.7 43 . 6 62.2 113. 4 26.7 103 .7 18 . 3 108 . 8 
43 TME195o 15 to 30 KCI 1 17. 09 47.9 26 . 2 50.4 72.4 190.9 30 .2 115. 7 21. 1 114. 2 
43 TME195b 30 to 45 KCI 1 22 . 88 56.9 29.8 56.1 104.6 76 . 9 51.6 80.9 23.1 113 . 1 
43 TME195c 45 to 60 KCI 1 12. 43 51 .9 16. 3 56.3 94.2 64 . 4 38. 9 80.7 BO 92.0 
43 TME195d 60 to 75 KCI 1 9 . 58 60.8 BO 56.2 73.3 107. 4 29.1 98 . 8 BO 84 . 9 
43 TME195e 75 to 90 KCI 1 12.32 55.0 15.8 56.2 60.5 95.2 28.1 86.0 BO 95.4 
43 TME195f 90 to 105 KCI 1 9.89 45 . 9 18. 9 55.7 65.6 132.9 25 . 0 93 . 4 BO 89 . 8 
43 TME195g 105 to 120 KCI 1 6 . 06 42.7 BO 50.4 64 .5 181 . 6 19 . 6 92 . 9 BO 86.0 
43 TME195h 120 to 135 KCI 1 7.46 44 . 2 BO 52.2 62.8 125 .7 22 . 7 93 . 0 BO 91.5 
33 TME151 0 to 15 KCI 2 17.09 42.2 25.1 43.8 47 . 0 131 . 7 27.8 101 . 2 22.2 112. 2 
40 TME188 0 to 15 KCI 2 15.37 48.6 22.1 42. 7 59 .0 199. 5 23.1 112. 8 18. 7 109 . 7 
45 TME208 0 to 15 KCI 2 5.39 36.0 16. 4 42. 0 45.4 89.0 12.2 105 . 2 BO 88 . 7 
45 TME209 0 to 15 KC I 2 6. 41 35.0 BO 34.4 46 .9 59 . 4 14. 3 107 . 8 BO 83.9 
45 TME210 0 to 15 KCI 2 2.94 33.7 BO 33.7 46 . 0 80 . 4 12. 8 108 .2 BO 85.8 
45 TME211 0 to 15 KCI 2 6.51 34.0 18.1 38.8 67 .3 77.8 26 . 0 109.8 BO 86.9 
45 TME212 0 to 15 KCI 2 5 . 18 38 .6 15.8 50.1 50 .7 73 . 4 11.8 108.3 BO 87.6 
45 TME213 15 to 30 KCI 2 13 .91 42.6 17.6 64 .7 66.4 48 . 8 30.1 93 . 9 BO 98 . 5 
45 TME214 15 to 30 KCI 2 10. 31 39 .5 15. 3 47.1 60 . 7 126.7 19.7 98 . 1 BO 91.6 
45 TME215 15 to 30 KCI 2 10.72 37.8 14. 4 53.8 50.0 83.3 19.5 86.0 BO 89 . 9 
45 TME216 15 to 30 KCI 2 2 . 59 28 .0 14.2 38. 1 43.3 89.1 13. 0 106 .2 BO 89.9 

BO = Below Detection 



Table 7 (Continued) . Tot a l Elemental Analysis Doto for the Soils and Soil/Waste Mixt ures in 1990. 

Plot Sample Depth Mn No K Co Mg p Al Fe Ti 
No: No: cm Treatment mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g 

45 TME217 15 to 30 KC 2 1.223 5.64 12.58 4 . 01 3.50 0.462 44 . 45 26.73 2 .204 
45 TME218 30 to 45 KC 2 0.977 6. 49 11.43 4.22 3.61 0.323 40.26 17.40 1 . 877 
45 TME219 45 to 60 KC 2 1 . 227 6 . 74 11. 62 4 . 45 3 . 57 0 . 357 40.74 18. 43 1.970 
45 TME220 60 t o 75 KC 2 0.863 6.86 11. 18 4.16 3.08 0.393 39.43 17. 61 1 .952 
45 TME221 75 to 90 KC 2 0.989 6.49 11. 01 4.05 3 . 03 0 . 408 38. 86 18. 11 1 .984 
45 TME222 90 to 105 KC 2 0 . 847 6.90 11 . 27 5 . 02 4 . 14 0.404 41 . 23 18. 54 2.021 
45 TME223 105 t o 120 KC 2 1 . 078 7.21 11. 95 4 . 35 3.04 0.438 41 . 62 19 . 34 2. 138 
45 TME224 120 to 135 KC 2 1. 176 7. 19 12.03 4 . 79 3.57 0.423 41 . 44 18.59 2.088 
21 TME79 0 t o 15 KC 3 0.209 4 . 02 5 . 69 2 . 35 1.56 0.265 18 . 10 6 . 26 1 .057 
21 TME80 0 to 15 KC 3 0 . 244 4.28 6. 15 3.22 1.98 0.288 19.60 7.20 1 . 127 
21 TME81 0 to 15 KC 3 0.274 4 . 26 6 .03 3 . 19 1 . 78 0 .247 20.22 7 . 39 1. 178 
21 TME82 0 to 15 KC 3 0.233 4.45 6.56 2.48 1.59 0 . 292 19 . 96 7.11 1.226 
21 TME83 0 to 15 KC 3 0. 187 3.82 5.47 2 . 87 1.53 0 . 216 17 . 77 5 . 89 1 . 072 
30 TME137 0 to 15 KC 3 0 . 355 6 . 42 10.42 3 . 63 2 . 00 0 . 414 31. 71 12.53 1. 844 
39 TME187 0 to 15 KC 3 0.368 7.40 12. 12 6 .09 4 . 60 0 . 474 38.31 16. 77 2.068 
16 TME50 0 to 15 KC 4 0 . 399 6.99 10.88 4.88 2 . 98 0 . 461 34.80 14. 50 2.008 
16 TME51 0 to 15 KC 4 0 . 416 7 . 63 10 .72 4 .91 2 . 93 0.556 34. 22 13 . 88 1.993 
16 TME52 0 to 15 KC 4 0.406 6 .93 10.57 4 .06 2. 72 0.459 34.47 14. 93 1 .998 
16 TME53 0 t o 15 KC 4 0.429 7 . 15 11. 97 4.27 2.82 0.534 37 , 28 16. 74 2. 160 
16 TME54 0 to 15 KC 4 0 .368 7 . 10 10 .22 5 . 07 3 . 07 0 . 442 33.82 14. 14 1.960 

+'> 
16 TME55 15 to 30 KC 4 0.327 6 . 50 10. 68 6 .52 4 . 57 0 . 368 35.76 16.54 1.808 ~ 

16 TME56 15 to 30 KC 4 0.279 6 . 22 8.96 4.98 3 . 12 0.372 30.85 11.54 1.582 
16 TME57 15 to 30 KC 4 0 . 292 5 . 74 9.73 3.95 3.29 0 . 326 35.57 17.33 1. 750 
16 TME58 15 to 30 KC 4 0 . 250 5 . 61 9 .55 3 .90 2 . 75 0 .368 31.15 14. 89 1. 673 
16 TME59 15 to 30 KC 4 0.265 6 .00 9.33 4 .58 2 . 89 0 . 329 33. 59 14. 01 1. 661 
16 TME60 30 to 45 KC 4 0 . 299 6.07 10. 19 4 .29 3.36 0 . 358 33. 79 17. 29 1.802 
16 TME61 45 to 60 KC 4 0. 233 6 . 40 10.09 3 .55 2.54 0 . 269 33. 77 14. 13 1.363 
16 TME61o 60 to 75 KC 4 0.358 6.80 10. 69 3.39 2 . 34 0 .336 36.27 14.68 1.503 
16 TME62 75 to 90 KCL 4 0 . 357 6 .97 11 .83 4. 15 2.86 0.424 42 . 70 18 .85 2.044 
16 TME62o 90 to 11 0 KC I 4 0 . 305 6 . 75 12.52 4.26 2.86 0 . 434 41. 74 20 . 82 2 . 162 
24 TME100 0 to 15 KC I 4 0 .335 7 . 56 10.88 5.04 3.09 0.449 33. 39 11 . 89 1. 970 
29 TME132 0 to 15 KC I 4 0 . 380 7 . 88 12 .03 4 . 36 3.26 0 . 582 39. 66 16 . 19 2. 114 
29 TME1 33 15 to 30 KC I 4 0.399 8.18 13. 21 5.66 4 . 12 0 . 515 46 . 82 19.86 2.260 
29 TME134 30 to 45 KC I 4 0.343 8 . 00 12.69 6.29 4 . 54 0.526 48.53 22.00 2.284 
29 TME135 45 to 60 KC I 4 0.347 7 .85 13.02 4.66 3.34 0 . 538 46.06 20.37 2.219 
29 TME135o 60 to 75 KC I 4 0.330 7 .89 12 .76 4.53 3 . 33 0 . 521 45.70 19 . 57 2.209 
29 TME136 75 to 90 KCI 4 0.387 6 . 91 12.68 4.19 2 . 87 0 . 446 42 . 26 19 . 71 2. 100 
29 TME136o 90 to 105 KCI 4 0.348 6 . 40 11.54 4 .10 2.69 0.430 38. 14 18. 61 1 .954 
29 TME136b 105 to 120 KCI 4 0.322 6 . 44 11. 01 4 . 57 3.03 0 . 432 37. 25 16. 64 1. 891 
29 TME136c 120 to 135 KCI 4 0 . 273 5.95 10. 90 5 . 39 4 . 12 0 . 400 32.01 16. 21 1. 795 
25 TME101 0 t o 15 KC I 5 0 . 385 7.76 11. 93 3.29 2. 11 0 . 450 32.93 12 . 56 1 . 886 
25 TME102 0 to 15 KCI 5 0 .360 7.82 12.05 5 . 11 3.28 0.419 36. 33 13. 56 1 . 883 
25 TME103 0 to 15 KC I 5 0.315 8 . 01 12.00 5.14 3 .1 9 0 . 453 35.40 13.25 2 . 036 
25 TME104 0 t o 15 KC I 5 0.452 7.90 12.36 3 .78 2.68 0.438 33 . 79 13. 73 2.037 



Tobie 7 (Continued). Total Elemental Analysis Doto fo r t he Soils and Soil/Waste Mixtu res i n 1990. 

Plot Samp le Depth Cu Zn Mo V Cr Bo Ni Sr Li Zr 
No: No : cm Treatment ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g 

45 TME217 15 to 30 KCI 2 6.12 42 . 3 16.6 67.3 69 .3 163.4 18. 1 94.6 8D 105.0 
45 TME218 30 to 45 KCI 2 11.35 34. 4 8D 53. 3 67 . 5 196.8 27 . 1 103.9 8D 92.6 
45 TME219 45 to 60 KCI 2 12.98 39 .2 17.4 54.0 66.1 140. 1 23 . 0 108.5 8D 97.3 
45 TME220 60 to 75 KC I 2 16.46 40 . 0 14.7 56 . 7 50.8 86.7 23.2 105.8 8D 101. 7 
45 TME221 75 to 90 KCI 2 18.36 40.6 16. 7 61.2 55 . 4 74.3 29 . 2 101.5 8D 104.0 
45 TME222 90 to 105 KCI 2 16 .70 39.5 20 . 8 60 . 0 68.9 351.8 30.0 113. 5 8D 96.8 
45 TME223 105 to 120 KCI 2 15 .97 41.3 16.2 62.0 65.5 84.0 29.2 109.0 8D 104.4 
45 TME224 120 to 135 KCI 2 11 . 04 40 . 3 8D 54. 1 61.0 165.8 21.0 113 .7 8D 96 , 6 
21 TME79 0 to 15 KCI 3 5 . 78 23 . 4 8D 17 . 1 20.4 8D 8D 52.9 8D 19.8 
21 TME80 0 to 15 KCI 3 6.64 24.9 8D 18.5 22.7 4.2 8D 57.0 8D 21.3 
21 TME81 0 to 15 KCI 3 3.36 22 .0 8D 15 . 8 25.3 82.2 8D 57 .7 BD 16.8 
21 TME82 0 to 15 KCI 3 4 . 43 23 .9 8D 17.9 22.8 6.2 BD 56.2 8D 19.9 
21 TME83 0 t o 15 KCI 3 5 . 15 18. 4 BD 13.6 18.7 55.6 BD 50 . 7 8D 12.7 
30 TME137 0 to 15 KCI 3 8 .05 39 . 1 19.6 38.5 45.4 42 . 8 18.7 87 . 7 14. 1 83 .1 
39 TME187 0 to 15 KCI 3 15.78 45 . 8 24 . 9 46.1 66.7 119.8 29.1 106.2 20.0 110 . 7 
16 TME50 0 to 15 KCI 4 8D 51.6 16.4 32.4 14.2 228.5 8D 98.4 8D 76.2 
16 TME51 0 to 15 KCI 4 8D 47.5 14.6 31. 7 13 . 0 173. 1 8D 109.3 8D 55.4 
16 TME52 0 to 15 KC I 4 8D 43 . 8 15.7 33.3 13.4 142. 1 8D 93.9 8D 69 . 2 
16 TME53 0 to 15 KCI 4 8D 47 . 4 16. 1 38.7 19.2 160. 4 8D 97 . 7 8D 73.1 
16 TME54 0 to 15 KCI 4 80 42 . 5 8D 27.5 9.5 240 . 6 8D 102 . 0 8D 61.6 u, 
16 TME55 15 to 30 KCI 4 10 .02 35 .5 15.7 46 . 1 56.6 239 . 5 27.4 95.6 14. 4 79 . 6 0 

16 TME56 15 to 30 KCI 4 7 . 38 30. 4 14.8 33 . 5 37.5 155.9 16.2 93 .4 11.6 78.9 
16 TME57 15 to 30 KCI 4 15.88 35. 9 18 . 0 51.3 56 . 2 80.7 26.3 83.8 18 . 2 88 . 5 
16 TME58 15 to 30 KCI 4 9 . 53 32.2 15 . 9 42 . 9 55 . 4 94 . 9 21.1 78 . 5 13. 6 78.5 
16 TME59 15 to 30 KCI 4 11.44 34. 1 14.9 42.3 41 .8 175.1 21.3 90 . 2 14. 9 78 . 2 
16 TME60 30 t o 45 KCI 4 13.44 38. 1 14.5 51.8 61 . 4 76 . 2 28.2 77.6 17.6 78.7 
16 TME61 45 to 60 KCI 4 13.61 30.4 16.8 43. 1 46.5 97.8 22.9 84 . 2 16 .3 66.9 
16 TME61o 60 to 75 KCI 4 10 .61 34.7 14.4 43 . 5 41.5 106.5 21.9 92 . 1 15.5 78.9 
16 TME62 75 to 90 KCL 4 15.03 49.5 19.5 60 . 6 54.9 132. 7 27.2 97 . 8 20.7 95 . 1 
16 TME62a 90 to 110 KCI 4 16.98 47.9 20. 3 64. 1 66.0 92 . 4 29.2 89.6 21.0 103. 8 
24 TME100 0 to 15 KC I 4 4 .88 47.8 15. 7 36 . 1 39 . 1 188 . 8 11. 1 102.8 12.5 67.3 
29 TME132 0 to 15 KCI 4 23 .08 54. 3 95.0 49.7 57.3 98 . 8 29.9 114.3 123. 8 
29 TME133 15 to 30 KCI 4 21 . 91 52.3 99.8 57.8 63.1 245 .7 42.0 122 .5 120. 1 
29 TME134 30 to 45 KCI 4 28.59 59.4 96 . 4 68. 1 84.4 274 . 4 49.9 125.0 141. 0 
29 TME135 45 to 60 KCI 4 23.75 54.9 93.0 64.8 76.7 166. 2 46.5 117 .5 121 . 2 
29 TME135o 60 to 75 KCI 4 24.35 56. 4 94.3 62.1 69.0 159 . 1 48 . 3 115 . 1 126 .9 
29 TME136 75 to 90 KCI 4 18. 01 51.5 23.2 62.0 73. 7 112 .9 33.7 99.8 23 . 2 102 . 3 
29 TME136o 90 to 105 KC I 4 12 .99 46.2 21.8 54.3 78.7 107 .8 34.0 90.7 17.7 93 . 3 
29 TME136b 105 to 120 KCI 4 12.69 46.0 22.3 52 . 2 53.6 105.7 25.7 94.7 17.5 91.9 
29 TME136c 120 to 135 KCI 4 11. 11 41.3 18.5 48 . 1 67.7 89 . 9 27 . 0 80.7 14.8 81 .2 
25 TME101 0 to 15 KCI 5 6 . 52 51. 7 14. 0 37 .1 42.1 81.3 13.0 95 . 8 14 . 3 70.7 
25 TME102 0 to 15 KCI 5 9 .72 43 . 9 19 .7 43 . 1 45 . 3 163 .1 15. 8 102 .0 BD 68.9 
25 TME103 0 to 15 KC I 5 6.81 55 .3 8D 42.4 38.9 194.2 11.5 109. 1 13. 9 71. 1 
25 TME104 0 to 15 KCI 5 8 .83 48.0 17 .2 41.5 42.5 83.6 12. 2 102.0 12.9 75.5 

BD z Below Detection 



Table 7 (Continued) . Total Elemental Analysis Data for the Soils and Soil/Waste Mixtures In 1990. 

Plot Sample Depth Mn No K Co Mg p Al Fe Ti 
No : No: cm Treatment mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g 

25 TME105 0 to 15 KCI 5 0.332 7 .58 12.27 4 . 09 3.12 0.420 36 .00 14 . 62 1 . 921 
25 TME106 15 to 30 KCI 5 0.487 7 . 96 10. 16 4 .20 2. 13 0.266 31.35 10 . 41 1.859 
25 TME107 15 to 30 KCI 5 0 . 390 7 . 32 9.14 4.75 2.13 0.298 28.38 9 . 65 1 .563 
25 TME108 15 to 30 KCI 5 0 . 430 7.37 10. 11 3.24 1.86 0.268 28 .68 9 . 19 1 . 871 
25 TME109 15 to 30 KCI 5 0.396 7 . 59 10.29 3.92 2.20 0 . 258 31 .82 10.88 1.802 
25 TME110 15 to 30 KCI 5 0 . 277 7 . 05 12.45 4 .63 3.67 0 . 296 42 . 32 17.27 2.028 
25 TME111 30 to 45 KCI 5 0 .181 6 . 78 11. 14 3.49 2.67 0.274 39.74 18.69 1. 910 
25 TME112 45 to 60 KCI 5 0.238 6.75 11.44 3.73 2.95 0.282 39.40 19.55 1.870 
25 TME112a 60 to 75 KCI 5 0.527 6.46 12.09 2.91 1.97 0.404 38.30 20.87 1 . 851 
25 TME113 75 to 90 KCI 5 1 .031 0 . 80 11.25 4.02 3.10 0 . 387 38.74 17.70 1 .902 
25 TME113a 90 to 105 KCI 5 0.911 6 .52 11 .54 3 .23 2.36 0.468 39 . 90 18.99 1. 917 
25 TME113b 105 to 120 KC I 5 0.529 6 . 86 12.02 3.74 2 .95 0 . 448 41.56 18. 77 1 .983 
25 TME113c 120 to 140 KCI 5 0.626 6.82 11 .85 3 . 95 3 . 23 0.459 42 . 50 19 . 52 2.029 
26 TME114 0 to 15 KC I 5 0.331 6.78 10.39 3 . 18 2 .50 0 . 486 31.87 12.90 1. 821 
26 TME115 15 to 30 KCI 5 0.341 6 . 66 10. 27 5.04 3 . 53 0.437 32.85 12.88 1 . 838 
37 TME173 0 to 15 KCI 5 0.394 7 . 46 12.26 4 . 22 3 . 18 0 . 497 36.54 15. 33 2 . 064 
22 TME84 0 to 15 NaCl 6 0.128 2.49 3.76 1.65 1.09 0 . 140 12 .31 4 .23 0 . 653 
22 TME85 15 to 30 NaCl 6 0 . 122 1.97 3.25 1. 79 1.37 0 . 113 9 .26 4.27 0.541 
22 TME86 30 to 45 NaCl 6 0.286 5.91 10.48 6.79 4 . 84 0 . 395 28.95 15. 76 1. 810 
22 TME87 45 to 60 NaCl 6 0.370 6.03 11 .55 5 . 87 4 . 39 0.421 30.38 17.58 1 . 984 
22 TME87a 60 to 75 NaCl 6 0.343 6 . 03 10.55 7 . 40 5.01 0.382 28 . 99 15.58 1. 775 Ul ,_. 
22 TME87b 75 to 90 NaCl 6 0.322 5.62 10.09 6.10 4.31 0 . 366 27.38 14.97 1. 708 
22 TME87c 90 to 105 NaCl 6 0 . 275 6. 11 10.93 4.95 3 . 80 0.381 27.84 15.49 1. 786 
22 TME87d 105 to 120 NaCl 6 0.223 5.46 10.25 6.05 3 . 68 0.365 26.90 15 . 03 1. 722 
22 TME87e 120 to 130 NaCl 6 0.268 6.22 11 .26 6 . 78 4 .26 0 . 400 29 . 40 15.56 1.845 
32 TME150 0 to 15 NaCl 6 0.398 6.89 10.53 5.13 3.30 0.431 33. 18 12.36 1 .949 
41 TME189 0 to 15 NaCl 6 0.339 7.02 11.02 5 . 19 3.83 0.440 33. 54 13.68 2.023 
18 TME64 0 to 15 NaCl 7 0.421 6 .29 9 . 49 3.36 2 .34 0 .396 29.63 11 . 71 1.828 
27 TME116 0 to 15 NaCl 7 0.419 6.77 9.93 3 . 48 2.44 0 . 449 31 . 48 11 .51 1. 769 
27 TME117 0 to 15 NaCl 7 0.387 6.45 9.15 4.75 2.91 0 . 411 32. 85 12.48 1 .820 
27 TME118 0 to 15 NaCl 7 0.363 6.34 9.66 3.42 2.24 0 . 441 31.30 12. 12 1. 725 
27 TME119 0 to 15 NaCl 7 0.366 6.73 9.86 4 . 29 2.72 0 . 470 31 . 96 12. 08 1. 730 
27 TME120 0 to 15 NaCl 7 0.358 6.25 8.67 4 . 24 2.50 0 . 461 29.59 10.69 1 .542 
27 TME121 15 to 30 NaCl 7 0.336 6.50 9 . 09 4.52 2.78 0 . 410 32.39 12. 11 1. 728 
34 TME152 0 to 15 NaCl 7 0 .375 7.40 11. 14 3 . 98 2 .75 0.434 33.12 11.35 2.025 
34 TME153 0 to 15 NaCl 7 0 . 337 7.36 12.24 5.58 4.12 0.466 38 .45 15.95 2.126 
34 TME154 0 to 15 NaCl 7 0.342 7.07 11. 61 5.65 3 . 41 0.448 34. 82 14. 34 2.038 
34 TME155 0 to 15 NaCl 7 0 .379 6.86 9.97 4 . 32 2.53 0 .390 31.34 10 . 89 1.883 
34 TME156 0 to 15 NaCl 7 0.430 7 .10 10.46 4.95 2.70 0.437 32.44 11 . 31 1 . 949 
34 TME157 15 to 30 NaCl 7 0.401 7.09 11 . 67 4.13 3.23 0 . 412 36.18 16.46 1 . 996 
20 TME78 0 to 15 NaCl 8 0.232 4 . 07 5.69 2.17 1 . 40 0.234 18 .22 6.18 1. 124 
35 TME158 0 to 15 NaCl 8 0.442 7.47 11.42 2 . 69 2.51 0.487 34.65 13. 10 1.994 
35 TME159 0 to 15 NaCl 8 0 . 388 7.37 10.67 5 . 40 2.99 0.455 33.86 11 . 38 2.068 
35 TME160 0 to 15 NaCl 8 0.380 7 . 04 10 . 54 5.53 2.75 0.456 33.73 11 .20 2 . 004 



Tobie 7 (Continued) . Total Elemental Analysis Doto for the Soils and Soll/Waste Mixtures in 1990. 

Plot Sample Depth Cu Zn Ma V Cr Bo Ni Sr Li Zr 
No : No: cm Treatment ug/g ug/g ug/g ug/g ug/g ug/ g ug/g ug/g ug/ g ug/g 

25 TME105 0 to 15 KCI 5 6.71 47 . 0 13.9 45 . 0 40 , 3 114. 3 16 .2 101. 9 13. 7 70 .8 
25 TME106 15 to 30 KCI 5 BO 41. 7 BO 24 . 0 42 . 0 145 . 7 10 . 0 104 . 0 BD 68.3 
25 TME107 15 to 30 KCI 5 BD 42 . 1 BD 23.6 33. 2 252 . 2 8D 97 . 1 BO 65 . 4 
25 TME108 15 to 30 KCI 5 5 .48 36. 5 12. 1 27 . 2 36.3 98 . 1 10.0 92 . 4 10 . 5 71.0 
25 TME109 15 to 30 KCI 5 BO 43 . 4 17.9 29.3 32 . 5 104. 1 BD 98 . 7 BO 72 .1 
25 TME110 15 to 30 KCI 5 5 . 79 50 .5 17 , 1 52 . 7 44.1 171 . 1 14.3 100 . 4 17.4 78 . 9 
25 TME111 30 to 45 KCI 5 BO 49 .9 13. 9 51.9 45 .0 130 . 8 13.9 91 . 0 15. 2 71. 7 
25 TME112 45 to 60 KCI 5 BO 42 . 9 16.4 49 . 4 47 .0 174. 4 12.0 94.3 14 . 4 79 .3 
25 TME112a 60 to 75 KCI 5 7 .13 35 . 9 20.3 53 . 5 51 . 7 68 . 9 17.8 83. 4 16 . 3 74 . 2 
25 TME113 75 to 90 KCI 5 7 . 33 35. 0 19.0 47 .8 45 . 1 195 . 0 15 . 5 96. 1 14. 9 92 .9 
25 TME113a 90 to 105 KCI 5 36 .86 46.7 89 . 0 61.5 71.9 67 . 2 55.0 93. 2 150 .0 
25 TME113b 105 to 120 KCI 5 54 . 78 50.6 107.6 79 . 1 86.9 102 . 9 85 . 2 103.2 204 . 2 
25 TME113c 120 to 140 KCI 5 52 . 66 50.4 93.6 72.4 83.8 111. 0 80 . 7 103.9 187 . 2 
26 TME114 0 to 15 KCI 5 40 .59 53 .0 85.8 61.4 48 . 4 66 . 6 54.9 97 . 4 149 . 9 
26 TME115 15 to 30 KCI 5 52.70 46 . 7 75 .3 61.6 59 .8 159 . 3 75.3 102. 1 195 .3 
37 TME173 0 to 15 KCI 5 11 . 39 52 .2 18.8 43 . 4 53.5 67.3 21 .2 102 . 8 16 . 7 96 .9 
22 TME84 0 to 15 NaCl 6 16 . 62 12 .8 BD 16. 0 16 .0 BO 11.0 32 . 6 15 . 4 16. 0 
22 TME85 15 to 30 NaCl 6 21 .27 12 . 8 BD 19.0 20.1 BO 16. 7 24 . 7 18. 4 21.0 
22 TME86 30 to 45 NaCl 6 13. 74 40 . 2 16 .3 47.2 53.2 164.9 22.1 77.3 18. 1 85 .8 
22 TME87 45 to 60 NaCl 6 17.77 46.2 18.0 58 . 2 59.3 132 . 6 28.4 72 . 7 21.9 96 . 2 
22 TME87a 60 to 75 NaCl 6 18.52 39.3 15. 4 49 . 4 60 . 1 168 . 9 27.2 78.9 19 . 9 82 .5 
22 TME87b 75 to 90 NaCl 6 14.22 37 .8 13 . 5 46 . 4 52.5 146. 2 22 . 3 73.3 17.4 80 .9 u, 

22 TME87c 90 to 105 NaCl 6 15. 59 44.9 14.2 48.4 56.7 135 . 4 27 . 7 72.0 19 . 3 83.3 N 

22 TME87d 105 to 120 NaCl 6 11. 27 37 .4 15.0 45.1 52.4 173 . 1 20.8 71.8 15 . 9 77 . 2 
22 TME87e 120 to 130 NaCl 6 14. 10 40.0 17. 5 47 . 3 56.9 180.5 28.7 77.6 17.5 80 .7 
32 TME150 0 to 15 NaCl 6 17 .92 45 . 1 25.2 42.8 52.1 108.4 25 . 8 100 . 8 22 . 4 115 . 4 
41 TME189 0 to 15 NaCl 6 15.37 47 .2 25 . 0 41.4 55.7 81.2 27.7 96.3 18.9 102. 1 
18 TME64 0 to 15 NaCl 7 12.46 37 .9 18.4 40. 9 40.1 42 . 8 22 .2 80 . 7 16 . 8 86 . 2 
27 TME116 0 to 15 NaCl 7 39.24 43 . 8 93.3 47 . 6 52.9 76 . 6 55 . 9 96 .2 156.1 
27 TME117 0 to 15 NaCl 7 26.80 49.0 72 . 1 39 . 5 50.7 207.5 41.0 97 . 1 122 . 7 
27 TME118 0 to 15 NaCl 7 37.91 43 . 6 77 . 2 50 .3 55 . 1 90.9 58.9 90 . 7 156 . 2 
27 TME119 0 to 15 NaCl 7 48.85 47 . 5 103.9 58 . 6 61.5 155. 7 75 . 6 103.4 184. 0 
27 TME120 0 to 15 NaCl 7 36.99 42.1 91.6 49 . 4 57.9 180. 4 60 . 0 93 . 7 144 . 9 
27 TME121 15 to 30 NaCl 7 29.35 43 .3 59.6 47 . 1 53.7 176 . 4 43 . 3 97.8 133. 4 
34 TME152 0 to 15 NaCl 7 18 . 44 45 . 6 26. 4 41.5 52 . 2 84 . 0 27 . 4 104. 0 22 . 0 107 . 6 
34 TME153 0 to 15 NaCl 7 21.84 53.0 29.8 54 . 5 61 .0 132 . 2 32. 1 110 . 6 26 . 1 116. 9 
34 TME154 0 to 15 NaCl 7 17.73 48 . 7 23 .5 49 . 5 52.4 134. 4 26 . 5 103. 2 22 . 5 111. 1 
34 TME155 0 to 15 NaCl 7 17 .71 40 .3 25.5 40.3 49 .9 89.1 26 . 0 100 . 6 22 . 0 105.5 
34 TME156 0 to 15 NaCl 7 20 . 31 41.7 27 . 1 42.6 53 .9 125.0 30 . 5 106.1 23 .4 115. 4 
34 TME157 15 to 30 NaCl 7 24.28 50 . 5 25 . 6 55 . 1 65.8 66 . 0 36 . 0 96.3 27.3 116. 0 
20 TME78 0 to 15 NaCl 8 4 . 34 31. 1 BD 16. 9 21.5 BO 8D 50.2 BO 26.8 
35 TME158 0 to 15 NaCl 8 19 . 83 45 . 5 26. 0 44. 4 63 .7 103. 1 31.6 105 . 9 22 .9 104.5 
35 TME159 0 to 15 NaCl 8 11 .65 52 . 3 22.4 36. 2 54.5 105 . 5 21.1 108.6 14.8 114.3 
35 TME160 0 to 15 NaCl 8 9 . 57 43.1 24 . 2 35. 3 47.8 329.0 14. 7 108.6 14.4 97 . 8 

BO= Below Detec t ion 



Table 7 (Continued). Total Elemental Analy8l8 Data for the Soll8 and Soll/Wa8te Mlxture8 In 1990. 

Plot Sample Depth Mn Na K Ca Mg p Al Fe Ti 
No: No: cm Treatment mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g 

35 TME161 0 to 15 NaCl 8 0 . 427 7.22 10.45 5.94 2.84 0.417 33.94 11.47 2.053 
35 TME162 0 to 15 NaCl 8 0.406 7.23 10.86 6.40 3.01 0.440 33.15 10 . 99 2 . 054 
35 TME163 15 to 30 NaCl 8 0.392 6.46 10. 81 8 . 52 5.02 0.436 28 . 52 16.33 1 . 988 
35 TME164 30 to 45 NaCl 8 0.382 6.74 11.48 9.61 5.77 0.452 31.68 16.40 1.906 
35 TME165 45 to 60 NaCl 8 0.387 6.68 11 .84 8.14 5. 11 0.436 29.26 17.85 1. 966 
35 TME165a 60 to 75 NaCl 8 0.424 6.03 11. 94 6.68 4.30 0.463 30. 08 19 . 35 2 . 098 
35 TME166 75 to 90 NaCl 8 0.449 6.45 12.68 5 . 58 4.25 0.490 31 .41 20 .49 2 . 209 
35 TME166a 90 to 105 NaCl 8 0.310 7.76 13.92 7.56 4.73 0.463 35.89 19.90 2.047 
44 TME196 0 to 15 NaCl 8 1. 170 7.35 11 . 51 5.24 3 . 72 0.443 35.12 14.72 2.066 
44 TME197 0 to 15 NaCl 8 1. 271 7.54 11 .37 4 . 68 2.96 0.368 35.33 13.23 2 . 187 
44 TME198 0 to 15 NaCl 8 1.262 7.76 11. 79 4.05 2.91 0.373 37 .13 14. 51 2 . 184 
44 TME199 0 to 15 NaCl 8 1. 145 7.45 11.23 4.90 3.61 0 . 414 34.63 13.09 2 . 123 
44 TME200 0 t o 15 NaCl 8 1. 297 7.29 10.80 4.95 3 .30 0.420 33.43 12. 35 2 . 038 
44 TME201 15 to 30 NaCl 8 1. 115 7.32 12.09 5.20 3 . 98 0 .382 36.62 16.59 2 . 002 
44 TME202 15 to 30 NaCl 8 1. 189 7.65 11.57 4.67 3 . 04 0.374 36. 89 13 . 53 2 .093 
44 TME203 15 to 30 NaCl 8 1. 217 7.45 11 . 03 3.51 2 . 13 0.340 34. 02 12.83 2.022 
44 TME204 15 to 30 NaCl 8 1.093 7 . 43 11.52 5.58 3.87 0.432 35. 50 14. 61 2 . 053 
44 TME205 15 to 30 NaCl 8 1 . 267 7 .14 11.18 5. 40 3.66 0.417 32. 22 14.72 1. 959 
44 TME206 30 to 45 NaCl 8 0.947 6.87 10.88 6.33 4.97 0 . 444 35. 99 17.23 1 . 963 
44 TME207 45 to 60 NaCl 8 1. 182 5.94 11 .03 5.13 3.62 0 . 416 29.21 17.02 1 . 969 
44 TME207a 60 to 75 NaCl 8 0 . 895 6 . 18 11. 24 8.66 6.31 0.423 31 .81 17.65 2.041 (Jl 

w 
44 TME207b 75 t o 90 NaCl 8 1. 306 5.60 11. 79 4.37 3.00 0.422 28 . 78 18.46 2 .053 
44 TME207c 90 to 105 NaCl 8 0,956 5.85 10.89 6.05 4.30 0.400 29 . 57 17.33 1 . 959 
44 TME207d 105 to 120 NaCl 8 1 .515 5 . 49 11.09 4 . 36 3.14 0.415 28 . 22 17.21 2 . 006 
44 TME207e 120 to 135 NaCl 8 1 . 138 5.87 11 .34 5.03 3.58 0.426 29 . 64 17.27 1.997 
44 TME207f 135 to 150 NaCl 8 1. 139 5.60 11.38 5.77 3.84 0.428 29 . 89 17.80 2 .032 
19 TME65 0 to 15 NaCl 9 0 . 513 6.39 9 . 25 5 .06 2.61 0.474 30 .59 10.64 1 . 792 
19 TME66 0 to 15 NaCl 9 0.390 6.34 9.78 4.39 2.75 0.397 32.27 12.29 1 . 768 
19 TME67 0 to 15 NaCl 9 0.460 6.49 9.56 4.63 2.94 0.418 32. 87 12.51 1 .949 
19 TME68 0 to 15 NaCl 9 0.369 6.49 9.32 3.96 2.44 0.420 30.53 10. 61 1 . 841 
19 TME69 0 to 15 NaCl 9 0 . 359 6.54 9.47 4.03 2 . 59 0.400 30.40 12. 13 1. 816 
19 TME70 15 to 30 NaCl 9 0.651 6.84 9.76 3 . 40 2 . 17 0.357 31. 10 11. 60 1 . 840 
19 TME71 15 to 30 NaCl 9 0.362 5.59 10.86 3.93 2.93 0.356 34. 67 18. 33 2 .056 
19 TME72 15 to 30 NaCl 9 0 . 464 6.49 9. 11 3 . 82 2.49 0.355 30.90 11. 27 1 . 768 
19 TME73 15 to 30 NaCl 9 0 . 408 6 . 87 9.99 4 . 95 3.21 0.422 34.69 12.59 1.936 
19 TME74 15 to 30 NaCl 9 0 . 361 6 . 82 10. 02 4 . 90 3 . 07 0.410 35.23 13. 19 1 . 930 
19 TME75 30 to 45 NaCl 9 0.398 6.70 12.93 4.92 3.47 0.445 40 . 23 20.66 2 . 149 
19 TME76 45 to 60 NaCl 9 0.320 6 . 22 11 .42 6.08 4.42 0.436 37 . 76 18.75 2.063 
19 TME76a 60 to 75 NaCl 9 0.277 5 . 33 10. 40 4 . 14 2.78 0.392 29.19 15 . 91 1.828 
19 TME77 75 to 90 NaCl 9 0 . 275 5 . 69 10. 01 6. 19 4.06 0 . 384 31.46 15. 81 1.838 
19 TME77a 90 to 110 NaCl 9 0.235 5 . 73 9.74 5.21 3.75 0 . 375 31.50 15. 80 1 . 770 
31 Tt.4E138 0 to 15 NaCl 9 0 .413 6.94 10.31 5.17 3.31 0.452 34.21 14. 15 1.895 
31 TME139 0 to 15 NaCl 9 0 . 404 6.97 10.37 4.48 2.46 0.438 33.95 13 . 63 1.925 
31 TME140 0 to 15 NaCl 9 0.398 7 . 12 11.23 5.51 3 . 06 0.425 36. 96 15.27 1.966 



Table 7 (Continued) . Total Elemental Analysis Data for the Soils and Soil/Waste Mixtures In 1990. 

Plot Sample Depth Cu Zn Mo V er Bo Ni Sr Li Zr 
No: No : cm Treatment ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g 

35 TME161 0 to 15 NaCl 8 9 . 73 43.6 20.9 34.8 57.5 313.1 21.2 111. 4 14 . 4 111. 2 
35 TME162 0 to 15 NaCl 8 11. 30 49 . 3 19 . 5 33.6 54. 2 238 . 9 20.5 109. 7 15 . 4 112. 8 
35 Tl.4E163 15 to 30 NaCl 8 21 . 89 50.3 25.0 55.7 66.5 127.7 35. 0 81.9 23 . 6 120. 8 
35 TME164 30 to 45 NaCl 8 20 . 12 50.4 25.2 55.8 63.5 176.8 35. 7 93.2 23 .2 109.9 
35 TME165 45 to 60 NaCl 8 13. 83 63.1 16.7 52.2 55.9 121.3 24.5 83.9 17.6 111 . 2 
35 TME165o 60 to 75 NaCl 8 17. 85 54.9 18.6 58.8 72.7 90.1 29.9 75.1 18.9 104.2 
35 TME166 75 to 90 NaCl 8 16. 25 68.3 21.3 60.9 80 . 4 85. 1 32.8 72.7 18.3 114. 1 
35 TME166a 90 to 105 NaCl 8 11 . 85 67 . 3 19 . 6 54.0 63 . 4 165. 1 27 . 0 92 . 9 20 . 4 94.8 
44 TME196 0 to 15 NaCl 8 3.83 39 . 8 BO 41.0 48 . 1 56 . 3 17. 4 101. 7 BO 83.2 
44 TME197 0 to 15 NaCl 8 BO 36.6 13. 1 36.1 50.7 93.0 10. 7 107. 1 BO 86 . 2 
44 TME198 0 to 15 NaCl 8 3.66 47.5 15.2 41.9 52.3 45.6 18.3 106.0 BO 94.5 
44 TME199 0 to 15 NaCl 8 BO 41.9 BO 35.0 43 . 6 56 . 1 BO 100.8 BD 78.0 
44 TME200 0 to 15 NaCl 8 BD 38.5 BO 33.9 43.0 62.8 9.4 101 . 8 BD 78.3 
44 TME201 15 to 30 NaCl 8 6. 37 43.2 BO 47.4 61.3 61.0 16.9 98.4 BD 84.0 
44 TME202 15 to 30 NaCl 8 BO 34. 8 BO 39 .1 38 . 3 67 . 7 11 . 4 108.0 BD 83.1 
44 TME203 15 to 30 NaCl 8 3 . 67 32.4 BO 36 . 1 41.2 32. 7 11.0 99.6 BD 82 . 9 
44 TME204 15 to 30 NoCI 8 BO 36.9 BO 36.9 47.4 100. 3 11. 7 103.5 BD 83.2 
44 TME205 15 to 30 NaCl 8 4.89 36.6 BO 39 . 9 60.0 75.2 19 . 1 90 . 4 BO 78 . 5 
44 TME206 30 to 45 NaCl 8 9 .97 35.0 BD 48.9 68.0 90 . 9 24.2 97 . 3 BD 95 . 1 
44 TME207 45 to 60 NaCl 8 13. 16 37 .1 14. 7 54.5 60.3 73.2 29.2 71.6 BD 90.8 
44 TME207o 60 to 75 NaCl 8 15.61 42.4 BO 59.9 62 . 8 122. 7 28 . 7 83.8 BD 95.3 CJl 

44 TME207b 75 to 90 NaCl 8 14.07 42 . 9 12 . 2 58.2 63 . 9 66.5 24.8 66.1 BD 86 . 1 .i::,. 

44 TME207c 90 to 105 NaCl 8 13. 10 45.3 BO 54.1 65.5 86.9 25.4 78.3 BD 91. 7 
44 TME207d 105 to 120 NaCl 8 13. 52 48 . 4 BO 55.5 59.5 48 . 2 29 . 5 66.6 BD 89 . 7 
44 TME207e 120 to 135 NaCl 8 14.58 48 . 1 15. 4 57.5 60.5 67 . 2 28.1 72.9 BD 88 . 6 
44 TME207f 135 to 150 NaCl 8 14. 84 44.0 15 . 8 62.6 59.9 78.0 28.7 69 . 4 BD 89.0 
19 TME65 0 to 15 NaCl 9 9 . 51 43.8 15 . 8 32.9 42.6 208 . 3 16.7 93.1 13 .3 84 . 1 
19 TME66 0 to 15 NaCl 9 7 .77 37 . 1 18. 3 36.6 41.1 139. 3 16.0 90 . 5 14 . 0 83 . 2 
19 TME67 0 to 15 NaCl 9 9 . 04 39.6 18 . 9 37.0 46.9 148.6 19 . 2 94.4 14. 7 85.6 
19 TME68 0 to 15 NaCl 9 9 . 12 44.6 15.6 34.9 41.2 100. 8 17. 7 89.9 14. 6 93.5 
19 TME69 0 to 15 NaCl 9 5.61 38 . 3 13 .9 34.9 49.0 105. 9 13. 9 87 . 1 11. 7 85.9 
19 TME70 15 to 30 NaCl 9 7.82 34. 5 15.7 31.1 53.8 86 . 9 19 . 2 90.2 11.4 80.1 
19 TME71 15 to 30 NaCl 9 12.46 47.3 15 .8 56.7 66.3 69.1 27 . 3 70 . 5 19 . 0 95 . 0 
19 TME72 15 to 30 NaCl 9 8.27 27.4 13. 7 33. 3 42.6 88.9 16. 8 89.4 14. 0 83 . 5 
19 TME73 15 to 30 NaCl 9 8.71 48.2 13 .8 39 . 5 40.5 163.0 18.7 97 .1 13. 8 85.8 
19 TME74 15 to 30 NaCl 9 10 .35 40.8 17 . 8 42.0 43 . 7 159. 3 19 . 3 96.9 15. 5 87 . 1 
19 TME75 30 to 45 NaCl 9 15.93 47.8 20 . 0 63.3 66 . 6 134.0 29.7 86 . 4 18.8 97 . 1 
19 TME76 45 to 60 NaCl 9 15.03 43.2 18.3 59.6 55 . 0 193.2 26.8 86.2 19.6 90 . 2 
19 TME76a 60 to 75 NaCl 9 11 .94 46 . 5 16. 3 49.9 50 . 1 74.0 24 . 7 63 . 6 15. 8 86 . 0 
19 TME77 75 to 90 NaCl 9 9 . 88 39 . 3 15 . 3 47 . 8 46.0 166.2 21.1 76 .7 14.6 75.4 
19 TME77a 90 to 110 NaCl 9 10.85 37.8 BO 46.9 53.7 139.0 22.2 75.0 15.4 78.1 
31 TME138 0 to 15 NaCl 9 6.72 40.6 18 . 7 40.9 46.2 142 . 4 16.4 97 . 4 12.6 78. 3 
31 TME139 0 to 15 NaCl 9 11.30 39 . 7 18 . 5 42 . 0 51.8 83.4 20.3 96 . 2 16 . 8 86.3 
31 TME140 0 to 15 NaCl 9 10.25 39.7 19 . 5 45.5 58.0 170.7 19.5 102.2 16 .0 89.2 

BD ~ Below Detec tion 



Tobie 7 (Continued). Total Elemental Analysis Doto for the Soils and Soi I/Waste Mixtures in 1990. 

Plot Sample Depth Mn No K Co Mg p Al Fe Ti 
No: No: cm Treatment mg/g mg/g mg/g mg/g mg/g mg/g mg/ g mg/ g mg/g 

31 TME141 0 to 15 NaC l 9 0 . 526 7 . 18 10.25 5 . 04 2 . 65 0.421 33.98 12 . 61 1 . 977 
31 TME142 0 to 15 NaCl 9 0.386 7 .13 10.42 5 . 17 2 . 84 0.445 34.39 12 . 36 2 . 016 
31 TME143 15 to 30 NaCl 9 0 . 282 7 . 58 13.59 5 . 29 4 . 60 0 . 480 47.25 20 . 74 2 . 163 
31 TME144 15 to 30 NaC l 9 0.455 7 . 11 10. 39 4.46 2.81 0.434 33.96 12 . 63 1. 905 
31 TME145 15 to 30 NaCl 9 0.422 7.27 11. 90 5.70 3 . 64 0 . 426 40. 15 16.70 2 . 065 
31 TME146 15 to 30 NaCl 9 0.333 6 . 92 11. 60 4 . 83 3 . 25 0 . 443 39. 91 18 . 05 2 . 009 
31 TME147 15 to 30 NaCl 9 0.346 7 . 13 10. 63 5 . 72 3 . 16 0 . 436 34.97 12.38 1 . 956 
31 TME148 30 to 45 NaCl 9 0.364 7.41 14 .36 4 . 22 2.97 0.475 46 .31 20.85 2 . 262 
31 TME149 45 to 60 NaCl 9 0.355 7.24 14. 55 4.01 2.58 0.488 46. 29 21.37 2 .286 
31 TME149o 60 to 75 NaCl 9 0.372 7.60 13. 83 5 .00 4.03 0 . 478 47. 69 20 .86 2 . 268 
36 TME167 0 to 15 NaCl 9 0 .324 7 . 11 10 .50 5.89 3.71 0.392 34.85 13. 10 1.988 
36 TME168 0 to 15 NaCl 9 0 . 356 6.97 10 .91 6 . 52 4.45 0 . 436 36 . 40 14 . 92 2 . 077 
36 TME169 0 to 15 NaC l 9 0 . 370 7 . 09 11. 10 7 . 10 4 . 27 0 . 487 37.58 14 . 74 1. 956 
36 TME170 0 to 15 NaCl 9 0.540 7 .51 11 . 22 5 . 42 3 . 74 0 .466 36.65 14 . 65 1. 974 
36 TME171 0 to 15 NaCl 9 0 . 360 7.07 11 . 03 4 . 88 3.21 0.432 35 .74 14. 86 2 . 038 
36 TME172 15 to 30 NaCl 9 0.398 7 . 65 14.01 5.27 3.09 0 . 505 46.32 21 . 81 2.395 
23 TME88 0 to 15 NaCl 10 0 .365 7.52 10. 47 3 .85 2 . 37 0 . 405 32 .39 11. 45 1 . 917 
23 TME89 0 to 15 NaCl 10 0 . 358 6.80 9 . 10 5 .87 3.03 0 . 340 30.40 10 . 52 1 . 727 
23 TME90 0 to 15 NaC l 10 0 . 380 6.86 10.30 4 . 71 3.17 0.331 34.80 13 .20 1. 910 
23 TME91 0 to 15 NaC l 10 0 . 401 7 . 48 10. 62 5 . 61 3 . 52 0 . 494 32 . 45 11 . 88 1. 781 
23 TME92 0 to 15 NaCl 10 0 . 419 7 . 78 10 . 68 4 .07 2 . 92 0.520 31 . 60 12. 03 1 . 742 u, 

u, 

23 TME93 15 to 30 NaCl 10 0 . 338 6 . 12 10.56 7 . 15 4 . 59 0.397 29.60 15 . 13 1 . 800 
23 TME94 15 t o 30 NaC l 10 0.426 6.88 9 . 80 4 . 65 3 . 15 0 . 340 31.33 11 . 70 1 . 751 
23 TME95 15 to 30 NaCl 10 0.330 6 . 51 9 . 61 4 . 23 2 . 89 0 . 276 32 . 32 12 . 11 1 . 750 
23 TME96 15 to 30 NaCl 10 0 . 387 6 .77 10 . 00 11 .21 6.02 0 . 387 33.54 13 .55 1 . 638 
23 TME97 15 to 30 NaC l 10 0 . 438 6.62 8 . 94 6 .74 3.77 0 . 349 28,80 11 . 44 1 . 768 
23 TME98 30 to 45 NaC l 10 0.277 6.49 10.22 10. 05 6 . 77 0 . 360 32. 09 15.24 1 . 694 
23 TME99 45 to 60 NaCl 10 0 . 305 5 . 94 10. 33 6 .45 4 . 36 0 . 371 28.75 15 . 28 1. 765 
23 TME99o 60 to 75 NaC l 10 0.338 6 . 77 10. 68 7 .89 5 . 45 0.381 31 . 32 15 .28 1. 741 
23 TME99b 75 to 90 NaC l 10 0 .268 6 . 17 10.66 5 . 60 3.97 0 . 414 28.47 15 . 80 1 . 767 
23 TME99c 90 to 105 NaCl 10 0.234 5 . 83 10 . 07 7 . 55 4.86 0.377 28.27 15 . 24 1 . 772 
23 TME99d 105 to 120 NaCl 10 0 .234 5 . 57 10. 44 5.31 3 . 79 0 . 405 27. 25 15. 63 1. 791 
23 TME99e 120 t o 140 NaCl 10 0.260 5.86 10. 25 6 . 68 4.61 0 . 379 28.38 15 . 66 1 .810 
28 TME122 0 to 15 NaC l 10 0.530 6.94 8 . 92 3 . 42 2 . 15 0 . 443 27 . 67 9 . 22 1. 743 
28 TME123 0 to 15 NaCl 10 0.31 7 6 . 85 9.96 2 .73 1. 76 0 . 414 31 .58 13. 12 1.827 
28 TME124 0 to 15 NaCl 10 0 .339 6.83 9.87 4.05 3.10 0.478 33 .28 13 . 65 1.858 
28 TME125 0 to 15 NaC l 10 0.347 6 . 53 8 . 89 3.17 2 . 00 0 . 430 28 . 38 10. 96 1. 708 
28 TME126 0 to 15 NaC l 10 0 .356 6.93 9.07 3 . 51 2. 18 0.443 28.50 11. 18 1. 730 
28 TME127 15 to 30 NaCl 10 0.398 6 . 84 11 .53 4 . 47 3.61 0 . 482 41 . 55 18.54 1 . 991 
28 TME128 15 to 30 NaCl 10 0.313 6.85 9.49 4.85 3 . 02 0 . 425 33.72 13. 69 1 . 797 
28 TME129 15 to 30 NaC l 10 0.301 6 . 96 10.92 5 . 02 3.72 0 . 507 39.64 17. 32 1.994 
28 TME130 15 to 30 NaC l 10 0.342 7 . 01 10.55 4 . 80 2 . 83 0 . 374 34. 73 15 .70 1 .924 
28 TME131 15 to 30 NaCl 10 0 . 342 6 . 90 9.66 4.36 2 . 81 0 . 383 31. 89 12 . 11 1.843 
28 TME131a 30 to 45 NaC l 10 0 . 297 6.87 11 .36 5 . 07 3 . 85 0 . 400 40.45 17.40 1.985 



Tobie 7 (Continued) . Total Elemental Analysis Doto for the Soils and Soil/Waste Mixtures in 1990. 

Plot Sample Depth Cu Zn Mo V Cr Ba Ni Sr Li Zr 
No: No: cm Treatment ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g 

31 TME141 0 lo 15 NaCl 9 9 . 54 42.0 19 . 1 38.1 47.7 138.6 16.5 102 . 7 15.9 83 .3 
31 TME142 0 to 15 NaCl 9 9.43 36.5 19 . 2 36.8 48 . 3 143.5 16 . 1 105 . 2 15 .8 97 . 6 
31 TME143 15 to 30 NaCl 9 22 . 01 51.2 28.3 65 . 7 82.0 252 . 0 38 .9 115 . 5 26 .2 110 .0 
31 TME144 15 to 30 NaCl 9 12. 12 52 . 6 19.2 38.7 47.9 92.8 19 .8 99 .3 17.7 99 .6 
31 TME145 15 to 30 NaCl 9 15. 10 46.7 20.5 51.6 61.0 276 . 1 26 .2 110 . 0 19 . 9 99 .2 
31 TME146 15 to 30 NaCl 9 18. 81 42.7 23 . 9 53 . 7 66.0 177 .3 29 . 9 105 . 7 21.8 98.8 
31 TME147 15 to 30 NaCl 9 12.34 47.9 20.6 40 . 6 46.4 297 . 4 21.2 108 . 7 18.5 96 . 1 
31 TME148 30 to 45 NaCl 9 19.85 52 .9 23.4 66 . 4 65.7 183.5 32 .8 108 . 2 24.2 115. 5 
31 TME149 45 to 60 NaCl 9 22.46 56.3 25.0 69.7 80.3 114. 6 37.4 104. 5 25 .8 112 .3 
31 TME149o 60 to 75 NaCl 9 22.47 55.9 26.8 69.3 74.9 302.3 38.4 116 . 4 27.5 120.4 
36 TME167 0 to 15 NaCl 9 8 . 74 56. 6 19.6 33.7 49.7 179 .3 15.7 107.3 13.3 97 . 9 
36 TME168 0 to 15 NaCl 9 9 . 95 48 . 6 16.2 40.6 56.8 190 . 4 17. 6 106 .9 15 .3 92 . 4 
36 TME169 0 to 15 NaCl 9 14.87 55.2 25.5 40.9 58 . 1 221.9 25 . 7 107.0 20 . 6 101.2 
36 TME170 0 to 15 NaCl 9 10.20 52.1 18.7 37.2 56.2 159.0 19.3 107.8 14.9 93 .7 
36 TME171 0 to 15 NaCl 9 10. 18 47.9 20.6 38 .0 55.7 103. 1 18.2 102 . 6 14.5 98 .0 
36 TME172 15 to 30 NaCl 9 19. 57 66 . 6 25.4 59.6 76 . 2 105 .7 31.5 111 . 6 21.9 113.3 
23 TME88 0 to 15 NaCl 10 8.68 33.9 16.3 35.0 42 . 6 111.0 13.5 92 . 6 15 . 1 81.4 
23 TME89 0 to 15 NaCl 10 10.29 39 . 7 17.6 35.0 37.6 351 .4 13.5 91.8 15 .6 80.3 
23 TME90 0 to 15 NaCl 10 8 . 51 38. 4 15.7 41.5 47 .5 182 .3 17 .8 89.7 16 .8 82.8 
23 TME91 0 to 15 NaCl 10 12. 56 35. 5 17 . 1 38 .0 48 .9 212.2 20 . 8 97 .0 17 . 1 82 . 6 
23 TME92 0 to 15 NaCl 10 12.27 37. 9 20.5 38.2 51.5 81.3 22.1 90 .5 18.0 79.3 
23 TME93 15 to 30 NaCl 10 14. 31 38. 6 15. 1 49.8 52 . 1 191.4 25.5 79 . 5 19 . 7 78 . 2 u, 

23 TME94 15 to 30 NaCl 10 9.98 29.4 17.4 38.6 37 . 6 147 . 6 16. 6 88.8 16 . 4 86 . 7 
0-, 

23 TME95 15 to 30 NaCl 10 9 . 74 31.2 13 .7 39 .2 37.7 121 . 6 17 . 2 86 . 4 18.2 86.4 
23 TME96 15 to 30 NaCl 10 17. 49 37. 9 20.4 45 . 2 52.5 348. 3 24 . 5 96 . 5 21.9 83 . 9 
23 TME97 15 to 30 NaCl 10 11 . 45 35.4 BD 35.2 45 . 8 297.1 15.5 87 . 8 13 .9 79 . 6 
23 TME98 30 to 45 NaCl 10 14. 52 37.8 BD 47 . 1 54.5 244.9 22.3 90.7 19.4 80.3 
23 TME99 45 to 60 NaC I 10 12. 51 39 . 7 13.9 48 . 0 51. 7 166.3 21.4 75 .0 17. 2 76 . 8 
23 TME99a 60 to 75 NaCl 10 11 . 14 44.5 16.4 44 .5 49.2 206.0 17.3 86.4 15.5 77 . 4 
23 TME99b 75 to 90 NaCl 10 15.17 61. 7 14.4 47 .1 64 . 2 126 . 5 29.0 69 . 3 17 . 6 82 .9 
23 TME99c 90 to 105 NaCl 10 10. 23 46.9 8D 44.7 49.6 177.4 19 .5 76 .3 14 .7 72 .8 
23 TME99d 105 to 120 NaCl 10 11 . 86 49 . 1 BD 48 . 6 51.6 111 . 9 22.8 64.4 16. 1 72 . 8 
23 TME99e 120 to 140 NaCl 10 7 . 45 42 . 1 8D 45 .0 48.0 163.9 13.6 75 .0 13 . 1 70 . 6 
28 TME122 0 to 15 NaCl 10 43 . 57 43.6 75.4 46 .6 52 . 3 77 .4 61.5 94 .3 162 .5 
28 TME123 0 to 15 NaCl 10 38.51 44.3 77.5 54 . 1 53 . 4 61.2 58.2 86.5 160 .3 
28 TME124 0 to 15 NaCl 10 52 . 29 51. 7 97 . 1 65 . 3 65 .9 99.9 72.8 97 .9 195.0 
28 TME125 0 to 15 NaCl 10 28 . 83 42.5 64.6 42 .0 49 . 4 70 .5 44.8 85.7 125.3 
28 TME126 0 to 15 NaCl 10 42.05 46 . 9 86.9 49 . 4 61.6 89 . 8 60.4 93.5 164 .9 
28 TME127 15 to 30 NaCl 10 42.87 51.9 104.4 70.8 72 .2 185 . 6 63.6 104 . 4 162 .7 
28 TME128 15 to 30 NaCl 10 45 . 10 50.9 84.7 57. 3 65 . 8 264.2 64.0 105.9 176 . 6 
28 TME1 29 15 to 30 NaCl 10 51 . 09 51.1 100 .5 73 .0 74 .7 285 .5 72 .7 109.8 187 .5 
28 TME130 15 to 30 NaCl 10 7.33 35.7 17.8 40 . 1 58 . 6 115.8 19 . 8 98.5 14 .2 86 .0 
28 TME131 15 to 30 NaCl 10 10.78 37.3 18.9 37.9 50 .7 81.0 17.5 94 . 4 15.4 83 .9 
28 TME131a 30 to 45 NaCl 10 15.03 39.5 22 . 6 54.5 75 .2 276.9 35.7 106.8 19 . 4 103 . 1 

BO= Below Detection 



Tobie 7 (Continued) . Total Elemental Analysis Doto for the Solis and Soil/Waste Mixtures In 1990 . 

Plot Sample Depth Mn No K Co Mg p Al Fe Ti 
No: No: cm Treatment mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g mg/g 

28 TME131 b 45 to 60 NaCl 10 0.353 6.86 12 . 07 4 .39 2.94 0.409 40.19 17.91 1.999 
28 TME131c 60 to 75 NaCl 10 0.318 6.94 12. 02 4 .68 3.23 0.418 40.41 18.66 2.010 
28 TME131d 75 to 90 NaCl 10 0.343 6.26 11 . 32 4.12 2.86 0 . 417 38. 11 17. 14 1 . 965 
28 TME131e 90 to 105 NaCl 10 0.293 6 . 84 11 . 86 4 . 66 3.13 0 . 443 39.64 17. 89 1.993 
28 TME131f 105 to 120 NaCl 10 0.311 6.67 11. 93 4.40 3.12 0.429 36.88 18.21 1.989 
28 TME131g 120 to 135 NaCl 10 0.330 6.57 11. 06 7.56 5.18 0.501 35.78 19.77 2.135 
28 TME131h 135 to 150 NaCl 10 0.387 6 . 66 12.06 6. 31 4.35 0 . 498 35 .95 19.31 2 . 220 
38 TME174 0 to 15 NaCl 10 0.350 7 .05 11.33 4.94 3.26 0 . 450 34.66 13.96 2.063 
38 TME175 0 to 15 NaCl 10 0.410 7.75 11 .59 6. 19 4.32 0.433 38.28 15 .22 2 . 170 
38 TME176 0 to 15 NaCl 10 0.349 7.54 12.08 4.44 3.45 0.414 40.64 19 . 47 2 . 128 
38 TME177 0 to 15 NaCl 10 0.422 6 .96 12. 23 4.69 3.27 0.480 33.86 16 .84 2 . 058 
38 TME178 0 to 15 NaCl 10 0.376 7.21 11 . 74 5 . 06 3.94 0.460 36.50 16 .00 2 . 091 
38 TME179 15 to 30 NaCl 10 0.375 7.55 11 . 41 4 .69 3 . 11 0.426 38.33 14 .99 2 . 049 
38 TME180 15 to 30 NaCl 10 0.406 7 .17 10 .89 4 . 51 3.19 0.418 35.03 13 .91 1.977 
38 TME181 15 to 30 NaCl 10 0.404 7 .58 12.88 4.80 3.29 0.463 36 . 49 17 . 15 2. 119 
38 TME182 15 to 30 NaCl 10 0.371 7.27 11 .29 5 . 51 3 .85 0 . 405 35.76 13.84 2.040 
38 TME183 15 to 30 NaCl 10 0.404 7.76 12 .22 6.66 4.54 0.467 40 .29 16 . 18 2.096 
38 TME184 30 to 45 NaCl 10 0.366 7.65 14.09 4.58 2.73 0 .511 45.15 20.43 2 . 169 
38 TME185 45 to 60 NaCl 10 0.349 7 . 37 15. 11 4 .51 2.93 0.532 48 . 73 23.07 2.413 
38 TME185o 60 to 75 NaCl 10 0.389 7.82 14.68 5 . 15 3.70 0.529 48 . 93 22 . 23 2.349 
38 TME186 75 to 90 NaCl 10 0.466 8.09 15.41 5.19 3.61 0.559 50 . 76 23 .03 2.482 (J"1 

38 TME186o 90 to 105 NaCl 10 0.393 7.81 14 .86 5 . 23 3.65 0.544 49.41 21.90 2.405 -...J 

38 TME186b 105 to 120 NaCl 10 0.302 7.40 13.06 4 . 50 3.76 0 .518 43.08 18.40 2.083 
38 TME186c 120 to 135 NaCl 10 0.312 6.12 12.68 5 . 21 3 . 91 0 .460 34.44 18.63 2.072 



Table 7 (Concluded) . Tatal Elemental Analysis Data for the Soils and Soll/Waste Mixtures in 1990. 

Plot Sample Depth Cu Zn Mo V Cr Ba Ni Sr Li Zr No : No : cm Treatment ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g ug/g 

28 TME131b 45 to 60 NaCl 10 14. 93 40.6 21. 7 54.0 65.2 107. 2 30.1 101. 7 19. 4 95 . 6 28 TME131c 60 to 75 NaCl 10 14. 12 45.0 20.1 53 . 1 66.9 168. 6 26.1 103. 0 18. 3 95.9 28 TME131d 75 to 90 NaCl 10 13. 85 60 . 3 21.3 54 . 4 53.4 94.4 26.4 94 . 4 19.2 94 . 6 28 TME131e 90 to 105 NaCl 10 13. 88 43 . 9 24.5 53.6 65.7 129.2 25.8 102. 6 18 .3 105. 1 28 TME131f 105 to 120 NaCl 10 14.72 57.2 21.2 54.1 86 . 2 66 . 1 35.0 90.7 18. 6 95.1 28 TME131g 120 to 135 Noe I 10 18.56 52 . 6 76 . 6 53.1 69.9 218 . 6 33 .5 93.6 105 . 7 28 TME131h 135 to 150 NaCl 10 24 .51 53.1 78.2 60. 1 65.3 174.6 40 . 5 87 .7 119 . 2 38 TME174 0 to 15 NaCl 10 10 . 01 52.6 19. 3 37. 8 59 .3 103. 4 21.8 101.9 15. 3 100. 1 38 TME175 0 to 15 NaCl 10 8.55 49.9 20.5 39.9 62.4 238 . 7 21.1 112.5 15. 1 106.0 38 TME176 0 to 15 NaCl 10 13. 59 55 . 1 26 . 1 52.8 79.2 79.9 29.3 101 . 1 18.8 109.5 38 TME177 0 to 15 NaCl 10 15. 54 78.2 19 . 2 46 . 6 64.2 70 .5 26.2 92.2 18. 7 102. 3 
38 TME178 0 to 15 NaCl 10 13.68 54.4 21.3 42 .5 61. 1 71.0 23.6 101 . 3 18. 1 100.1 38 TME179 15 to 30 NaCl 10 11. 90 59 . 5 22.9 40.5 54.4 92.1 22 . 7 109 .9 16. 7 106.0 38 TME180 15 to 30 NaCl 10 11 . 79 59 . 8 22 . 2 36 .8 52 . 9 70.2 20.4 101 . 3 16. 1 98 . 4 38 TME181 15 to 30 NaCl 10 14. 38 81.1 21.6 49 .5 69 . 3 77.3 29.0 95.0 19.0 103. 5 38 TME182 15 to 30 NaCl 10 9.88 55.9 21.2 37. 0 50.5 108.7 21.2 105.3 15.0 98 . 2 38 TME183 15 to 30 NaCl 10 11.45 71. 7 20.8 43.4 61.5 221.5 23 . 2 116 .0 18. 1 112. 1 38 TME184 30 to 45 NaCl 10 20.46 60 . 8 27 . 1 58 . 4 80 .5 90.7 34.8 113. 7 22 . 1 117 . 5 38 TME185 45 to 60 NaCl 10 22.20 79.9 26.6 69 . 7 93 . 2 110. 0 41.5 110.2 24 . 6 124.6 38 TME185a 60 to 75 NaCl 10 18.45 61. 7 30. 0 62.0 96 . 9 221. 7 42 . 1 122.0 22 . 2 117 . 7 38 TME186 75 to 90 NaCl 10 20.76 65 . 7 29.3 68.5 83.0 166 . 9 40.4 123.4 24 . 5 126.8 u, 
38 TME186a 90 to 105 NaCl 10 17 . 17 61.2 28.2 63 .8 74.3 235 . 0 31. 1 122.8 21. 7 114. 5 (X) 

38 TME186b 105 to 120 NaCl 10 18.14 61.4 27.9 54.7 75.1 97 .1 36.8 111. 6 22.9 118. 1 38 TME186c 120 to 135 NaCl 10 18.79 52.9 23 . 7 55 . 1 85.3 100. 6 36. 1 84.8 19.8 108.8 
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Table 8. Elemental constituents of soils . 

Element Mean Maximum Minimum Element Mean Maximum Minimum 

C 2.00 Li 20 . 00 200.0 5.000 
(%) (µgig) 

Ca 13.70 500.0 7.000 Cr 100 . 00 1000.0 1.000 
(mglg) (µgig) 

Mg 5.00 6.0 0.600 Cu 30.00 100.0 2.000 
(mglg) (µgig) 

Ti 4.00 10.0 1.000 Hg 0.03 0.3 0.010 
(mglg) (µgig) 

Na 6.30 7.5 0.750 Ni 40.00 500.0 5.000 
(mglg) (µgig) 

s 0.70 10.0 0.030 Pb 10.00 200 .0 2.000 
(mglg) (µgig) 

p 0.60 5.0 0.200 Co 8.00 40.0 1. 000 
(mglg) (µgig) 

Sr 0.20 1.0 0.050 Mo 2 .. 00 5.0 0.200 
(mglg) (µgig) 

Al 71. 00 300.0 10. 000 Cd 0.06 0.7 0.010 
(mglg) (µgig) 

Si 320.00 350.0 230.000 Se 0.30 2.0 0 .100 
(mglg) (µgig) 

B 0.01 0.1 0 .002 Ag 0.05 5.0 0.010 
(mglg) (µgig) 

Ba 0.43 3.0 0.100 Zn 50.00 300.0 10.000 
(mglg) (µgig) 

Fe 38.00 550.0 7.000 V 100.0 500.0 20.000 
(mglg) (µgig) 

K 8.30 30.0 0.400 As 5.00 50.0 1.000 
(mglg) (µgig) 

Mn 0.60 3 .0 0.020 Zr 300.0 2000.0 60.0 
(mglg) (µgig) 

From Lindsay (1979). 



Table 9. Total Elemental Analysis Data for the Brome Grass Tissue Collected in the Field Trial Plots in 1990. 

Waste Rote Plot FSN Co Mg K p s Cl Cr Cu Zn B 
(T) (mg/g) (ug/g) 

Freshwater 1 3 3 2 .87 1 .419 25 . 5 2.78 1. 74 2.37 2.05 3.053 19. 7 7 . 16 
Freshwater 1 9 9 3.46 1.537 23.5 2.55 1.57 2.61 2 . 45 2.084 16.2 7 .25 
Freshwater 1 13 13 2.81 1.246 23.0 2.24 1 .32 3.29 BO 1.957 15 .4 7.31 
Freshwater 2 2 2 2.91 1.242 25. 1 2.83 1. 81 3.95 5.55 3.410 23.2 10.33 
Freshwater 2 8 8 2.46 1 .081 22 . 9 2 . 40 1.40 3.50 8D 1.891 15. 7 4.68 
Freshwater 2 15 15 3.12 1 .257 26.8 2.48 1.76 5 .35 80 4.257 19.3 9.97 
Freshwater 3 1 1 2 . 20 0.942 18.0 1.92 1.17 3.12 BO 0.806 14.6 3.02 
Freshwater 3 6 6 3.07 1.399 25.8 2.82 1.90 4.04 8D 3.785 19.5 7.67 
Freshwater 3 11 11 2.95 1 .241 25.3 2.45 1.54 5.26 BD 2.016 16.3 7 . 41 
Freshwater 4 5 5 3.29 1 .334 24.8 2.73 1.81 3.74 BO 2 . 542 17. 7 24.76 
Freshwater 4 7 7 2.94 1 .410 23.5 2.70 1. 74 3.91 BD 2.369 17. 1 6.30 
Freshwater 4 12 12 3.02 1.292 26.3 2 . 76 1 . 72 4 .86 1.38 2 . 596 18.5 8 . 02 
Freshwater 5 4 4 2.85 1 .180 22. 8 2.26 1.62 4.44 BO 2.236 14.5 7 .13 
Freshwater 5 10 10 2.96 1 .214 22.0 2 . 09 1.40 4.17 2.06 2.780 16.5 7 . 67 
Freshwater 5 14 14 3.30 1 .348 22.2 2.33 1.46 4 .20 BO 1.156 14.2 5.83 

KCI 1 17 17 2.86 1. 188 23.9 2 . 27 1.29 5.41 BO 1.482 16.9 6.27 
KCI 1 42 42 2.95 1.280 22.7 1.93 1.30 4 . 01 BO 1.882 12.5 2.56 
KCI 1 43 43 2.72 1.227 23.1 2 . 22 1.48 2.97 4.23 2.930 14.6 5 . 09 
KCI 2 33 33 3.10 1 .361 18. 6 2.31 1.28 3.45 3.27 1 .817 16. 1 4.46 
KCI 2 40 40 2.99 1.243 20.9 2.35 1.52 6.07 BO 3.833 18.8 6.23 
KCI 2 45 45 2.86 1.123 23.2 2 . 27 1.34 5.79 80 2. 121 15.4 5.59 
KC I 3 21 21 2.50 1. 162 26.5 2 .73 1.65 4.88 80 3.188 19. 0 7.67 
KCI 3 30 30 2.71 1.062 25.2 2.26 1.37 5.76 1.58 2.568 18.6 8.09 0) 

KCI 3 39 39 2.96 1.130 20.1 1.66 1.30 4.82 80 1.490 14.3 5.87 0 

KCI 4 16 16 2.73 1.181 23.3 2.44 1.60 4.07 BO 2.124 17.0 6.86 
KCI 4 24 24 2.00 0.940 22.6 2 . 14 1.15 5.33 2.01 3.243 15. 3 5.36 
KCI 4 29 29 2.34 0.898 21.9 1.98 1.05 6.36 1. 73 1.575 14. 1 5.08 
KCI 5 25 25 2.80 0.923 26.6 2.12 1.39 7.38 80 1.998 18.8 7.40 
KCI 5 26 26 2.65 1.073 23.3 2.21 1.25 5.18 80 1. 740 14.3 5.02 
KCL 5 37 37 2.79 1.097 20.6 2.23 1.37 5 . 33 2.21 2.261 19 .6 4 . 47 

NaCl 6 22 22 3.54 1.534 24.6 2 . 62 1.42 3.93 BO 2.638 18.7 10.32 
NaCl 6 32 32 2.56 1 .219 23.2 2.47 1.22 4 .06 3.53 2.767 18.7 4.18 
NaCl 6 41 41 3.00 1 .301 21.7 2 . 14 1 .31 5.21 BO 2.483 15.5 4.19 
NaCl 7 18 18 2.51 1.256 23.5 2.59 1.32 4.88 1. 70 2.105 20.6 6.27 
NaCl 7 27 27 3.03 1.192 22.8 2 . 09 1. 16 6.32 2.13 1 .092 15.5 6.55 
NaCl 7 34 34 2.50 1. 168 21.8 2.41 1.32 5.73 1.84 1.475 16.8 3.85 
NaCl 8 20 20 2 .90 1.287 23.7 2 . 41 1.22 4.88 80 2.137 16. 1 6.71 
NaCl 8 35 35 2.61 1.184 22.4 2 .59 1.29 5.05 5.43 2.174 28. 7 4 . 35 
NaCl 8 44 44 2.57 1. 134 22.7 2 . 35 1.24 5.37 1.26 2.086 15.4 4.61 
NaCl 9 19 19 2.72 1.197 25.4 2 . 70 1.33 5.87 2.85 3.153 21.2 8.31 
NaCl 9 31 31 2.50 1. 115 22.5 2 . 16 1 . 13 4.96 BO 1 .421 14.7 3 . 16 
NaCl 9 36 36 2.86 1.175 19.7 2 . 15 1. 19 4.55 3.83 1.407 18.7 2.98 
NaCl 10 23 23 2.17 1.049 13.3 2.57 1.26 5.70 BO 1.247 21.5 5.14 
NaCl 10 28 28 2.50 1 .016 26.5 2.45 1.37 6.75 9.80 2.497 22.1 4.47 
NaCl 10 38 38 2.78 1.105 20.9 1.99 1.26 6.02 BO 1.288 15.7 5.77 

Elements (Ti, V, Li, Se and Co) below the detection limit ore excluded from this table. 
BO - below detection 
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The effect of the addition of drilling waste on the 

elemental enrichment of the affected plants can be demonstrated by 

the enrichment ratio (ER). The ER of a chemical element is 

calculated by dividing the elemental concentration of the waste 

affected plant tissue by that of the unaffected plant tissue. The 

higher ER of a chemical element indicates a greater degree of plant 

tissue enrichment in the affected soils. An enrichment ratio of <l 

would be indicative of the reduced plant uptake of that element by 

pl ants. The ER for selected elements for 1988, 1989 and 1990 are 

presented in Table 10. 

The tissue from the treated plots exhibited slightly 

elevated levels of chloride for all waste types and boron in the KCl 

amended plots. Boron levels increased two-fold over control levels 

for the FW 5 treatment in 1988, however, they were down to control 

levels in 1989 and 1990. The boron levels reported in Table 9 are 

below the intermediate range of 15 to 800 ppm Bin grasses reported 

by Chapman (1966). 

Copper levels in the tissue were lower in 1990 than in 1988 

and 1989. Tissue levels of 1.0 to 5.1 ppm and 5.2 to 18.0 ppm copper 

are considered deficient and normal, respectively. Tissue grown in 

the control plots had copper levels at about the mid-point of the 

deficient range. Addition of waste resulted in increased tissue 

copper values in 1988 and 1989 with some of the values occurring in 

the normal range for grasses (Macyk et al. 1990). However, in 1990 

the values were back down in the deficient range in the control plots 

as well as the waste amended plots. 

Substantial differences in the uptake of Na between 1988 

and 1989 were evident from the ER values reported in Macyk et al. 

( 1990). This is related to the fact that the sodium was leached 

downward from the zone of waste incorporation and out of the 

currently established root zone. Normal and excessive levels of 

sodium in grasses are 300 to 1100 ppm and 3200 to 43700 ppm, 

respectively. The 1990 tissue Na values were determined to be below 

detection limit for the analytical technique. The procedures will be 



Table 10. ER (Enrichment Ratio) Values for Elements In the Brome Grass Tissue fo r 1988, 1989 and 1990. 

Waste Rote 8--- --- Ca --- --- Cl --- ---er --- --- Cu --- K---Post 1989 1990 Post 1989 1990 Post 1989 1990 Post 1989 1990 Post 1989 1990 Post 1989 1990 

Freshwater 1 1.0 1.0 1. 0 1.0 1.0 1.0 1.0 1.0 1.0 - 1.0 1.0 1.0 1.0 1.0 1. 0 1.0 1.0 Freshwater 2 1.6 1.0 1. 2 1.0 1.0 0.9 1.8 1.4 1.5 - 0.9 2.5 1. 1 1.3 1.4 1.0 1. 1 1.0 Freshwate r 3 1. 8 1. 0 0 . 8 1.0 0 .9 0.9 2. 1 1.3 1 .5 - 1.0 - 1. 1 0.9 0.9 1. 1 1 . 1 1.0 Freshwater 4 1.6 1. 1 1.8 1.1 1.1 1.0 2 . 1 1.4 1.5 - 1.0 0.6 1. 0 1.2 1 . 1 1.0 1.0 1.0 Freshwater 5 2 . 0 1.0 1.0 1.2 1 . 1 1.0 2.2 1.4 1.5 - 1.0 0.9 1.0 1.0 0 . 9 1.0 1.0 0.9 

KCI 1 - 1.0 1.0 - 1.0 1.0 - 1.0 1. 0 - 1.0 1.0 - 1.0 1. 0 - 1.0 1.0 KCI 2 1.0 1.0 1.2 1.0 1.0 1.0 1.0 1.1 1.2 - 0.9 0.8 1.0 0.9 1.2 1.0 1.0 0 . 9 KCI 3 1.4 1.0 1.6 1. 1 1.0 1.0 1.2 1.2 1.2 - 1.0 0.4 0 . 8 2.6 1.2 0.9 1. 1 1.0 KCI 4 - 1. 1 1.2 - 1.2 0 .8 - 1.3 1.3 - 1.0 0.4 - 2 . 9 1. 1 - 1.5 1.0 KCI 5 - 1.0 1.3 - 1.0 1.0 - 1.1 1.5 - 1.0 - - 1.2 0 . 9 - 1.1 1 . 1 

NaCl 6 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1. 0 - 1.0 1.0 1.0 1.0 1 . 0 1.0 1.0 1.0 NaCl 7 1.2 1.0 0.9 0 . 9 0.9 0.9 2.3 1.1 1.3 - 1.0 0.5 1.4 1. 7 0 . 6 1. 1 1.0 1.0 NaCl 8 1.0 1.0 0 . 8 1. 1 0.9 0.9 2 . 1 1.1 1.2 - 1.3 0 . 9 1.2 1 . 9 0.8 1.0 1.0 1.0 NaCl 9 1.4 1.0 0.8 1. 1 0.8 0.9 2 . 1 1.1 1.2 - 1.0 0 . 9 1.3 1.6 0.8 0.9 1.0 1.0 NaCl 10 - 1.0 0.8 - 0.8 0 . 8 - 1.3 1.4 - 1.0 2 .8 - 1. 1 0.6 - 1.0 0.9 

Waste Rate -- Mg -- ---Na--- P-- s-- --- Zn --- 0-, 

Post 1989 1990 Post 1989 1990 Post 1989 1990 Post 1989 1990 Post 1989 1990 N 

Freshwater 1 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 Freshwater 2 0 . 9 0.9 0.9 2 . 4 1.0 1.0 1.0 1.0 1.0 1.3 1.1 1. 1 1.0 1.0 1. 1 
Freshwater 3 0 . 9 0.9 0.9 3 . 2 0 . 9 2 . 1 1. 1 1.0 1.0 1.3 1.1 1.0 1.0 0.9 1.0 Freshwater 4 0.9 1.0 1 .0 2.4 0.9 0 . 5 0 . 9 1.0 1 . 1 1.2 1.0 1. 1 0 . 9 0.8 1.0 Freshwater 5 0 . 9 1.0 0.9 9 . 5 1.3 1.4 0.8 1.0 0.9 1. 1 1.0 1.0 0.9 0.8 0.9 

KCI 1 - 1.0 0.9 - 1.0 - - 1.0 1.0 - 1.0 1.0 - 1.0 1.0 KCI 2 1.0 1.0 1.0 1.0 1.2 - 1.0 1.0 1. 1 1.0 1.0 1.0 1.0 1.0 1. 1 KCI 3 0.9 0.9 0 . 9 2.6 2.0 - 0.6 1.1 1.0 0.9 1.0 1. 1 1.0 1.0 1.2 KCI 4 - 1.0 0.8 - 1.4 - - 1.2 1.0 - 1.2 0 . 9 - 1.3 1. 1 
KCI 5 - 1.0 0 . 8 - 1.4 - - 1. 1 1.0 - 1.0 1.0 - 1.0 1. 1 

NaCl 6 1.0 1.0 1.0 1.0 1.0 - 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1. 0 
NaCl 7 0.8 0 . 9 0.9 9.4 1. 1 - 1.1 1.0 1.0 1.4 1.0 1.0 1.3 1.0 1.0 
NaCl 8 1.0 0.9 0.9 21.8 1.3 - 1.1 1.0 1.0 1.2 1. 0 0 . 9 1.2 2. 1 1. 1 
NaCl 9 0 . 9 0.9 0.9 29 . 0 2.3 - 1. 2 1.0 1.0 1.2 1.0 0.9 1. 1 1. 1 1.0 NaCl 10 - 0.7 0.8 - 10.9 - - 1.1 1.0 - 1.0 1.0 - 1.0 1.1 

Post m Sampled September 1988; 1989 m Sampled August 1989; 1990 - Sampled Aut 1t 1990. 
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repeated and the results re-evaluated however, normal levels were not 

exceeded in previous years and would be less likely to do so 

subsequently. 

Tissue chloride values for 1988 ranged from 3.82 mg/g 

(3820 ppm) to 18.45 mg/g (19450 ppm), and for 1989 ranged from 

2.89 mg/g (2890 ppm) to 6.01 mg/g (6010 ppm) (Macyk et al . 1990) . 

Chapman (1966) reports an intermediate range of 7000 ppm and a high 

range of 8700 to 15400 ppm for chloride in grasses. Using these 

values as a guideline suggests that the application of all wastes 

resulted in high levels of chloride in the tissue in 1988 

particularly the tissue from the KCl and NaCl treated plots. It is 

difficult to assess the impact of chloride levels on plant health and 

growth, because the only consistent or general symptom of excess 

chloride is reduced leaf size and slower growth rate. However, for 

many pl ants sharply reduced growth occurs without leaf symptoms 

(Chapman 1966). The chloride levels in the tissue in 1989 and 1990 

were considerably lower than those in 1988 which is demonstrated by 

the ER values in Table 10. The decrease ,n tissue chloride levels in 

1990 is directly related to the decrease in soil/waste chloride 

levels, described in Section 4.4.2.3 of this report. 
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5. SUMMARY 

5. 1 PLOT YIELD 
Observations, relative to the brome grass growth on the 

various plot treatments, were made throughout the growing season. 

The brome grass was harvested in late June and again in mid-August, 

however, only the data and interpretation, thereof, for the June 

harvest were presented. 

The freshwater gel amended plots had the best growth 

overall, however the KCl and NaCl plot yields were only slightly 

below the freshwater gel amended plot yields. There were apparent 

yi e ld differences between the different treatments for each of the 

waste types, however none of the differences were statistically 

significant. 

5.2 FIELD PLOT SOIL PROPERTIES 
A total of 224 samples were collected in mid-August 1990 . 

Samples representing the Oto 15 cm depth were collected at all 

plots, and additional samples representing the 15 to 30 cm, 30 to 

45 cm, 45 to 60 cm, 60 to 75 cm, 75 to 90 cm, 90 to 105 cm and 

additiona l depth intervals where possible were obtained at selected 

plots. 

5.2.1 Chemical Properties 

The samples were analyzed to determine pH and CaC03 

equivalent. Following waste application, only treatments FW 4 and 

FW 5 might present a very slight limitation to plant growth as a 

result of pH level. The CaC0
3 

equivalent values indicated a "good" 

rating in terms of soil suitability for plant growth for all 

treatments prior to and following waste application. 

5.2 . 2 Saturated Paste Extract Data 

Table 11 provides a summary of the degree of limitation 

associated with the EC , SAR, and Cl status of the plot treatments in 



Table 11. Summary of degree of limitation relative to EC, SAR, and Cl levels in 1988, 1989 and 1990 for the 
0 to 15 cm depth (zone of waste incorporation) . 

Degree of Limitation* 

EC SAR Cl 

Waste Treatment 1988 1989 1990 1988 1989 1990 1988 1989 

FW 1 none none none none none none none none 
FW 2 none none none none none none none none 
FW 3 none none none none none none none none 
FW 4 none none none none none none none none 
FW 5 none none none none none none none none 

KCl 1 none none none none none none none none 
KC l 2 none none none none none none none none 
KC l 3 s l i ght s l i gh t none none none none s l i ght none 
KC l 4 slight slight none none none none slight none 
KC l 5 slight slight s l i ght none none none severe slight 

NaCl 6 none none none none none none none none 
NaCl 7 none none none s 1 i ght none none none none 
NaCl 8 none s 1 i ght none s 1 i ght s 1 ight none none none 
NaCl 9 s 1 i gh t none none moderate s l i gh t none none none 
NaCl 10 moderate moderate s 1 i ght severe severe moderate severe moderate 

1990 

none 

none 

none 

none 

none 

none 0-, 
u, 

none 

none 

none 

none 

none 

none 

none 

none 

s 1 i ght 
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1988, 1989 and 1990 for the Oto 15 cm depth or zone of incorporation . 

The degree of limitation has declined annually for a number of the 

parameters and the respective treatments. The KCl 5 and NaCl 10 

treatments were the only ones to show a slight limitation on the basis 

of EC and only the NaCl 10 treatment had a limitation (moderate) on the 

basis of SAR. Limitation on the basis of Cl levels decreased from 

severe to moderate to slight for 1988 through 1990 for the NaCl 10 

treatment. 

5.2.3 Total Elemental Analysis Data 

Elemental content levels increased or decreased slightly as a 

result of waste addition. Mean values, for the various elements 

determined, were within the range of values normally found in soils, 

except for Ca which in some instances was slightly below the minimum 

levels provided. 

5.3 TISSUE ANALYSIS DATA 

The effect of the addition of drilling wastes on the 

elemental enrichment of the brome grass was demonstrated by the 

enrichment ratio (ER). The tissue from the treated plots exhibited 

slightly elevated levels of chloride for all waste types and boron in 

the KCl amended plots in comparison with the tissue from the control 

plots. Tissue grown in the control plots had copper levels in the 

deficient range , however , the addition of waste resulted in some of the 

values increasing into the normal range for grasses in 1988 and 1989. 

This beneficial effect of waste addition was reduced in 1990 as tissue 

copper levels were generally in the deficient range for the control 

plots as well as the amended plots. 

Tissue chloride levels were comparable to 1989 values and 

somewhat below the 1988 values. This can be attributed to the decrease 

in chloride levels in the root zone soil/waste material. 
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6. CONCLUSIONS 

Observations made and results obtained pertinent to the 

field study in 1990 form the basis for the preliminary conclusions 

presented herein. The application of the different wastes at various 

rates had both positive and negative impacts on the soils and the 

plants grown thereon. The project objective was to identify the 

impact of different loading rates of the wastes on the soils and 

plants grown thereon. Emphasis was to be placed on determining 

maximum tolerable loading rates. 

The report describes the impact of the different loading 

rates of the wastes. Determining maximum tolerable loading rates is 

difficult to do in the absence of some guidelines as to how 

"tolerable" may be defined. Comments will be provided regarding the 

impact of the application of the three different wastes at the various 

rates. 

6.1 FRESHWATER GEL 

The current guideline for maximum loading rate for Cl is 

450 kg Cl/ha (ERCB 1975). In this study the maximum rate of Cl 

applied was 120 kg Cl/ha wh i ch translated into a layer about 10 cm 

thick . This maximum rate resulted in a slight limitation to soil 

quality as a result of pH. There were no limitations due to EC, SAR 

or Cl levels in the soil. Yield increases compared to the control 

plots wer€ realized as a result of the freshwater gel waste 

application, however these increases were not statistically 

significant. 

One can conclude that freshwater gel wastes with properties 

similar to the waste used in this experiment can be added to soil with 

minimal negative impact and some positive potential benefit depending 

upon the amount applied. One could also suggest that Cl addition is 

not the most appropriate parameter for developing freshwater gel 

additions . Liming potential and chloride content would likely be more 

suitable. 
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6.2 POTASSIUM CHLORIDE 

The addition of KCl wastes in this experiment resulted in Cl 

additions of 500 , 1000, 2000, and 4000 kg Cl/ha. Yield declined from 

control levels as waste application rate increased, however the values 

obtained were not statistically significant (lower). Limitations 

relative to EC and Cl levels were evident following waste application 

and declined with time. For example, slight limitations due to EC for 

KCl 3, 4 and 5 were evident in the fall of 1988. By the fall of 1990 

only the KCl 5 treatments had a slight limitation due t o EC. 

Similarly Cl content presented a severe limitation for the KCl 5 (4000 

kg Cl/ha) rate in 1988 and improved to no limitation in 1990 . 
\ 

It appears that in this experiment the KCl waste could be 

applied at 500 kg Cl/ha with no negative impact on soil quality. In 

fact the rate that could be applied with no apparent impact likel y 

lies somewhere between 500 and 1000 kg Cl/ha. Higher rates could be 

applied if a slight to moderate impact was acceptab le for a 2 to 

4 year period following waste application. 

6.3 SODIUM CHLORIDE 

The addition of NaCl wastes in this experiment resulted in 

Cl additions of 350, 700, 1400 and 2800 kg Cl/ha. The addition of 

these waste materials resulted in some increases in yield , however 

these were not statistically significant. The results indicated no 

limitation for the 350 kg Cl/ha rate and only a slight limitation due 

to SAR levels for the 700 kg Cl/ha rate. For the 1400 kg Cl/ha rate 

slight limitations were evident due to EC and moderate due to SAR 

in itially and were not a limitation in 1990. The NaCl 10 

(2800 kg Cl/ha) rate resulted in moderate and severe limitations for 

EC, SAR and Cl respectively following waste application. In 1990 the 

limitations for these parameters ranged from slight to moderate. 

For the NaCl wastes the material could be applied with no 

negative impact at the equivalent rate of 350 kg Cl/ha or likely 

between the 350 and 700 kg Cl/ha rate. Higher rates could be applied 

if slight to moderate limitations were acceptable. 
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APPENDIX I. Chemical properties of the soils and so il /waste mixtures 
in the ESSO field plots in 1990. 



Chemical Properties of the So i Is and Soi 1/ Wosle Mi x lures in the ESSO Field Plots in 1990. 

Waste Role Plot Sample Depth -- pH- CoCO3 
Number (cm) H20 CaCl2 Eq 

Freshwater , 3 TME5 0-15 7.50 7. 1 0.24 
Freshwater 1 9 TME21 0-15 7 . 60 7 . 2 0 . 56 
Freshwater 1 13 n.AE41 0- 15 7 . 50 7 . 2 0 . 64 
Freshwater 1 13 TME42 15-30 7 . 90 7. 5 3.32 
Freshwater 1 13 TME43 30- 45 8.10 7 . 6 5.27 
Freshwater 1 13 TME44 45-60 8 . 00 7.7 5 . 19 
Freshwater 1 13 TME44o 60-75 8. 10 7.7 6 . 07 
Freshwater 1 13 TME44b 75-90 8.00 7 .7 5 .27 
Freshwater 1 13 TME44c 90-105 7 . 90 7.6 4.91 

Freshwater 2 2 TME4 0-15 7 .30 6 . 9 0 . 52 
Freshwater 2 8 n.AE19 0-15 7. 70 7 . 3 0 . 92 
Freshwater 2 8 TME20 15-30 7 . 30 6.9 0.96 
Freshwater 2 15 TME49 0-15 7 . 80 7 . 5 2.31 

Freshwater 3 1 TME1 0-15 7.00 6 . 9 0.24 
Freshwater 3 1 TME2 15-30 5 . 60 5.4 
Freshwater 3 1 TME3 30-45 5 . 60 5 . 4 0 . 16 
Freshwater 3 1 TME3a 45-60 5.20 4.6 0.02 
Freshwater 3 1 TME3b 60-75 5 . 00 4 . 4 0.02 
Freshwater 3 6 TME13 0-15 7 . 70 7.3 0.92 
Freshwater 3 11 TME35 0-15 7 . 70 7.4 0 . 84 
Freshwater 3 11 TME36 0-15 7.70 7.3 0 . 48 
Freshwater 3 11 TME37 0-15 7.80 7 . 5 0 . 84 -.....J 
Freshwater 3 11 TME38 0-1 5 7.75 7.4 0 . 84 N 

Freshwater 3 11 TME39 0- 15 7 . 80 7.3 0.80 

Freshwater 4 5 TME11 0-15 7 . 80 7 . 5 0.83 
Freshwater 4 5 TME12 15- 30 7 . 70 7 . 4 0.96 
Freshwater 4 7 TME14 0-15 7.80 7 . 5 0.75 
Freshwater 4 7 TME15 15-30 7.70 7.4 1. 95 
Freshwater 4 7 TME16 30-45 8.10 7.9 7 . 15 
Freshwater 4 7 n.AE17 45-60 8. 10 7.9 4 . 93 
Freshwater 4 7 TME17o 60-75 8.10 7.9 5.02 
Freshwater 4 7 TME18 75-90 8 . 10 7 . 9 0 . 12 
Freshwater 4 7 TME18a 90-110 8. 10 7. 9 5 . 50 
Freshwater 4 12 TME40 0-15 7. 90 7 . 5 0 . 96 

Freshwater 5 4 TME6 0-15 8 . 10 7 . 8 1 .30 
Freshwater 5 4 TME7 0-15 7 . 90 7.7 1. 07 
Freshwater 5 4 TME8 0-15 8 . 10 7.9 1 .59 
Freshwater 5 4 n.AE9 0-15 8.00 7.8 1.35 
Freshwater 5 4 TME10 0-15 8 . 10 7.8 0.87 
Freshwater 5 10 TME22 0-15 7.90 7 . 5 1. 72 
Freshwater 5 10 TME23 0-15 8. 10 7.9 2.31 
Freshwater 5 10 TME24 0-15 7.80 7.4 1 .40 
Freshwater 5 10 TME25 0-15 7.30 7.5 1 . 40 
Freshwater 5 10 TME26 0-15 7.70 7 . 7 2 . 28 
Freshwater 5 10 TME27 15-30 8 . 05 7.5 3 . 04 
Freshwater 5 10 TME28 15-30 8 . 00 7.7 3.84 

CaCO3 Eq = Cal c ium carbonate equivalent (g CaCO3 eq/ 100g) . 



Continued. Chemicol Properties of the Soi Is and Soi I/Waste Mixtures in the ESSO Field Plots in 1990 . 

Waste Rote Plot Sample Depth -- pH- CoCO3 
Number (cm) H20 CoCl2 Eq 

Freshwater 5 10 TME29 15-30 7.30 7. 1 0.02 
Freshwater 5 10 TME30 15-30 7.60 7.3 0.76 
Freshwater 5 10 TME31 15-30 7.90 7.6 4.62 
Freshwater 5 10 TME32 30-45 7.90 7.7 4.88 
Freshwater 5 10 TME33 45-60 7.90 7.7 5 . 16 
Freshwater 5 10 TME33o 60-75 8.00 7.7 5.27 
Freshwater 5 10 TME34 75-90 7.90 7.7 4.31 
Freshwater 5 10 TME34o 90-105 7.90 7.7 4.77 
Freshwater 5 10 TME34b 105-115 7.80 7.7 4.89 
Freshwater 5 14 TME45 0-15 7.60 7.3 5. 16 
Freshwater 5 14 TME46 15-30 7.60 7 .5 1 . 23 
Freshwater 5 14 TME-47 30-45 7.70 7.6 4. 13 
Freshwater 5 14 TME48 45-60 7.80 7.7 4.93 
Freshwater 5 14 TME48o 60-75 7.90 7 . 7 5.80 
Freshwater 5 14 TME48b 75-90 7.90 7 . 7 3.57 
Freshwater 5 14 TME48c 90-105 7 . 80 7 . 7 6.59 

KC 1 17 TME63 0-15 7.50 7.0 0.29 
KC 1 42 TME190 0-15 7 . 80 7 . 5 2 . 48 
KC 1 42 TME191 0-15 8.00 7.6 3.65 
KC 1 42 TME192 0-15 7.70 7.5 2.86 
KC 1 42 TME193 0-15 7.80 7.5 3.02 
KC 1 42 TME194 0-15 7.90 7.6 3.77 
KC 1 43 TME195 0-15 7.80 7.4 2.50 -....J 

KC 1 43 TME195o 15-30 7.50 7 . 4 0.91 w 

KC 1 43 TME195b 30-45 7.80 7.6 3.82 
KC 1 43 TME195c 45-60 7.90 7.8 4.97 
KC 1 43 TME195d 60-75 8.00 7.8 6.10 
KC 1 43 TME195e 75-90 8.00 7.8 5.50 
KC 1 43 TME195f 90-105 8 . 00 7.8 5.42 
KC 1 43 TME195g 105-120 8 . 00 7 . 7 5 . 10 
KC 1 43 TME195h 120-135 7.95 7.7 4.68 

KC 2 33 TME151 0-15 7 . 60 7 . 2 0.76 
KC 2 40 TME188 0-15 7 . 80 7 . 4 1 . 49 
KC 2 45 TME208 0-15 7.70 7.4 1 .09 
KC 2 45 TME209 0-15 7.40 7 . 1 5.08 
KC 2 45 TME210 0-15 7.60 7.3 4 . 81 
KC 2 45 TME211 0-15 6.80 6.6 0.24 
KC 2 45 TME212 0-15 7 . 20 6.8 0.40 
KC 2 45 TME213 15-30 6.80 6.5 0.24 
KC 2 45 TME214 15-30 7.70 7.5 3.54 
KC 2 45 TME215 15-30 7.80 7.7 3.82 
KC 2 45 TME216 15-30 5.80 5.5 
KC 2 45 TME217 15-30 5.70 5.5 
KC 2 45 TME218 30-45 5.60 5 . 3 
KC 2 45 TME219 45-60 5.50 5.4 
KC 2 45 TME220 60-75 5.50 5.4 
KC 2 45 TME221 75-90 5.60 5.4 
KC 2 45 TME222 90-105 5 . 50 5.3 

CoCO3 Eq = Calcium carbonate equivalent (g CoCO3 eq/100g). 



Continued. Chemical Properties of the Soi Is and Soi I/Waste Mixtures in the ESSO Field Plots in 1990 . 

Woste Rote Plot Sample Depth -- pH- CoCO3 
Number (cm) H20 CaCl2 Eq 

KCI 2 45 TME223 105-120 5.80 5.8 
KCI 2 45 TME224 120-135 5.90 5 .8 

KCI 3 21 TME79 0-15 7.60 7.2 0 . 44 
KCI 3 21 TME80 0-15 7.65 7.4 0.80 
KCI 3 21 TME81 0-15 7.70 7.2 0.48 
KCI 3 21 TME82 0-15 7.70 7.2 0.52 
KCI 3 21 TME83 0-15 7.50 7. 1 0.32 
KCI 3 30 TME137 0-15 7.40 7. 1 0.14 
KCI 3 39 TME187 0-15 7.80 7.5 2.67 

KC 4 16 TME50 0-15 7.60 7.3 0 . 72 
KC 4 16 TME51 0-15 7.70 7.3 0 . 99 
KC 4 16 TME52 0-15 7.60 7.3 0.76 
KC 4 16 TME53 0-15 7.70 7.3 0.80 
KC 4 16 TME54 0-15 7.80 7.4 0.76 
KC 4 16 TME55 15-30 7.70 7.5 2.43 
KC 4 16 TME56 15-30 7.70 7.4 0.76 
KC 4 16 TME57 15-30 7.70 7.5 0 . 79 
KC 4 16 TME58 15-30 7.80 7.5 1. 23 
KC 4 16 TME59 15-30 7.60 7.4 0.44 
KC 4 16 TME60 30-45 7.70 7.6 0.20 
KC 4 16 TME61 45-60 7.60 7.5 0.76 
KC 4 16 TME61o 60-75 7.20 7.2 0.04 
KC 4 16 TME62 75-90 7 . 30 7. 1 0 . 12. ........ 

+'> KC 4 16 TME62o 90-110 7 . 50 7.3 0.95 
KC 4 24 TME100 0-15 7.70 7.4 0.84 
KC 4 29 TME132 0-15 7.70 7.4 0.40 
KC 4 29 TME133 15-30 7.20 7 .1 0.32 
KC 4 29 TME134 30-45 7.20 6.9 0.24 
KC 4 29 TME135 45-60 6.50 6 . 6 0.02 
KC 4 29 TME135a 60-75 6. 10 6.2 
KC 4 29 TME136 75-90 6.00 6 . 0 0 .02 
KC 4 29 TME136a 90-105 6.00 5.9 0.04 
KC 4 29 TME136b 105-1 20 6.60 6.4 0.08 
KC 4 29 TME136c 120-135 7 . 80 7.4 2.84 

KC 5 25 TME101 0-15 7.40 7.3 0.48 
KC 5 25 TME102 0-15 7.40 7.5 0.44 
KC 5 25 TME103 0-15 7.50 7.6 0.96 
KC 5 25 TME104 0-15 7.40 7 . 6 0 .80 
KC 5 25 TME105 0-15 7.80 7.7 0.92 
KC 5 25 TME106 15-30 5.60 5.5 0.04 
KC 5 25 TME107 15-30 6.90 6 . 7 0.08 
KC 5 25 TME108 15-30 6.90 6.8 0. 14 
KC 5 25 TME109 15-30 6.30 6.3 0.20 
KC 5 25 TME110 15-30 6.90 6 . 8 0.28 
KC 5 25 TME111 30-45 4.90 4.6 0. 18 
KC 5 25 TME112 45-60 4 . 90 4.6 0.04 
KC 5 25 TME112a 60-75 5 .00 4 . 6 

CoCO3 Eq = Calcium carbonate equivalent (g CoCO3 eq/1009) . 



Continued. Chemical Properties of the Soi Is and Soi l/Wast e Mixtures in the ESSO Field Plots in 1990 . 

Waste Rate Plot Sample Depth -- pH- CaCO3 
Number (cm) H20 CaCl2 Eq 

KCI 5 25 TME113 75-90 5. 10 4.8 
KCI 5 25 TME113a 90-105 5 .10 4.9 0.08 
KCI 5 25 TME113b 105-120 5.20 5.0 
KCI 5 25 TME113c 120-140 5 . 40 5.2 0.02 
KCI 5 26 TME114 0-15 7.80 7.4 0. 12 
KCI 5 26 TME115 15-30 7.70 7.3 0.95 
KCI 5 37 TME173 0-15 7.70 7.3 1 . 68 

NaCl 6 22 TME84 0-15 6.90 6.5 
NaCl 6 22 TME85 15-30 7 .90 7.5 3.76 
NaCl 6 22 TME86 30-45 8. 10 7.8 4 . 95 
NaCl 6 22 TME87 45-60 8.00 7.8 6.24 
NaCl 6 22 TME87a 60-75 8.10 7.8 5.39 
NaCl 6 22 TME87b 75-90 8.00 7.8 4.79 
NaCl 6 22 TME87c 90-105 8. 10 7.8 4.75 
NaCl 6 22 TME87d 105-120 8.10 7.8 5.15 
NaCl 6 22 TME87e 120-130 8.00 7.8 4.71 
NaCl 6 32 TME150 0-15 7.60 7 . 1 0.76 
NaCl 6 41 TME189 0-15 7.90 7.5 3.15 

Noe 7 18 TME64 0-15 7.80 7.3 1 . 11 
NoC 7 27 TME116 0-15 7.30 6.7 0.20 
NoC 7 27 TME117 0-15 7.40 6.9 0.20 
NoC 7 27 TME118 0-15 7.40 6.8 0.20 
NoC 7 27 TMEl 19 0-15 7. 10 6.5 0. 16 -...J 

Ul 
NoC 7 27 TME120 0-15 6.90 6.4 0.08 
NoC 7 27 TME121 15-30 7.20 6.9 0. 12 
NoC 7 34 TME152 0-15 7.70 7.2 
Noe 7 34 TME153 0-15 7.80 7.5 1 . 16 
Noe 7 34 TME154 0-15 7.80 7.5 1. 20 
NoC 7 34 TME155 0-15 7.30 7.0 0. 16 
Noe 7 34 TME156 0-15 7.50 7.0 0.18 
Noe 7 34 TME157 15-30 7.70 7.5 1.36 

NoC 8 20 TME78 0-15 7.70 7.2 0 .36 
NoC 8 35 TME158 0-15 7 .10 6 . 6 0 . 14 
NoC 8 35 TME159 0-15 7.50 7 . 1 0.48 
NoC 8 35 TME160 0-15 7. 10 6.7 0. 12 
NoC 8 35 TME161 0-15 7.40 6.9 0.08 
NoC 8 35 TME162 0-15 7.40 7.0 0.32 
NoC 8 35 TME163 15-30 7.90 7.6 6 .56 
Noe 8 35 TME164 30-45 8 . 10 7 . 8 6 .01 
Noe 8 35 TME165 45-60 8. 10 7.8 0. 72 
NoC 8 35 TME165o 60-75 8.00 7.8 1. 04 
NoC 8 35 TME166 75-90 8.00 7.8 0.72 
NoC 8 35 TME166o 90-105 8.10 7.8 0.48 
NoC 8 44 TME196 0-15 7.80 7.5 1. 75 
NoC 8 44 TME197 0-15 7.70 7.3 1 .23 
NoC 8 44 TME198 0-15 7.60 7.3 4.68 
NoC 8 44 TME199 0-15 7.90 7.6 1. 75 

CoCO3 Eq = Calcium carbonate equivalent (g CoCO3 eq/100g ). 



Continued. Chemical Properties of the Soi Is and Soi I/Waste Mixtures in the ESSO Field Plots in 1990. 

Waste Rote Plot Somple Depth -- pH- CoCO3 
Number (cm) H20 CaCl2 Eq 

Noe 8 44 TME200 0-15 7.90 7.5 1 . 47 
NaC 8 44 TME201 15-30 7.90 7.6 1. 94 
Noe 8 44 TME202 15-30 7.30 7.1 0.63 
NoC 8 44 TME203 15-30 7.40 7 . 2 0 . 44 
NaC 8 44 TME204 15-30 7 . 90 7.5 2.10 
Noe 8 44 TME205 15-30 7 . 90 7.6 4.20 
Noe 8 44 TME206 30-45 7 . 70 7 .5 2.74 
NaC 8 44 TME207 45-60 7.80 7.6 5 . 36 
NaC 8 44 TME207o 60-75 7.80 7.7 6.36 
NaC 8 44 TME207b 75-90 7 . 90 7.7 6 .36 
NoC 8 44 TME207c 90-105 7.90 7.7 5 . 76 
NaC 8 44 TME207d 105-120 7.90 7 . 6 5 . 72 
Noe 8 44 TME207e 120-135 7 .90 7 . 7 5.36 
NoC 8 44 TME207f 135-150 7 . 90 7.7 12 . 47 

NoC 9 19 TME65 0-15 7 . 60 7.0 0.40 
NoC 9 19 TME66 0-15 7 . 60 7. 1 0.64 
Noe 9 19 TME67 0-15 7 . 70 7. 1 0.56 
NaC 9 19 TME68 0-15 7 . 70 7.0 0.29 
Noe 9 19 TME69 0-15 7.90 7 . 4 1. 07 
NoC 9 19 TME70 15-30 7.30 6.6 0.18 
NaC 9 19 TME71 15-30 7.40 7.3 2.99 
NoC 9 19 TME72 15-30 7.30 6 .8 2.91 
NaC 9 19 TME73 15-30 7 .60 7.0 4.23 --...J 

NaC 9 19 TME74 15-30 7.40 7 . 1 4.19 
a-, 

NaC 9 19 TME75 30-45 7.70 7.5 2.79 
NaC 9 19 TME76 45-60 7.70 7.5 3 . 03 
NaC 9 19 TME76o 60-75 7.90 7.6 4 . 25 
NoC 9 19 TME77 75-90 7 . 80 7.6 4. 13 
NaC 9 19 TME77o 90-110 7 . 80 7.6 3.15 
NoC 9 31 TME138 0-15 7.90 7.4 0.40 
Noe 9 31 TME139 0-15 7.60 7.2 0. 18 
NoC 9 31 TME140 0-15 7.80 7.2 0.24 
Noe 9 31 TME141 0-15 7.60 7. 1 0.06 
Noe 9 31 TME142 0-15 7.40 7.0 0.08 
NoC 9 31 TME143 15-30 6.00 5.9 
NoC 9 31 TME144 15-30 7.60 7.0 0. 16 
Noe 9 31 TME145 15-30 7.20 6.9 0. 10 
NoC 9 31 TME146 15-30 7.00 6.7 0.12 
NoC 9 31 TME147 15-30 7.60 7 .2 0 . 16 
NoC 9 31 TME148 30-45 5 . 20 5.2 0.08 
NoC 9 31 TME149 45-60 5 . 30 5.2 0.04 
NoC 9 31 TME149a 60-75 5.30 5.3 0 . 04 
NoC 9 36 TME167 0-15 7 . 80 7.4 1 . 01 
NoC 9 36 TME168 0-15 7.80 7.5 1. 32 
Noe 9 36 TME169 0-15 8 . 00 7.4 0.73 
NoC 9 36 TME170 0-15 7.70 7 . 3 0.73 
NoC 9 36 TME171 0-15 7.70 7. l 0.69 
Noe 9 36 TME172 15-30 7 . 20 6 . 7 0 . 16 

NaCl 10 23 TME88 0-15 7.60 7 . 2 0 . 16 

CoCO3 Eq = Calcium carbonate equivalent (g CaCO3 eq/1009). 



Concluded. Chem ica l Prope r ties of the Soi Is and Soi I/Waste Mixtures in the ESSO Fi eld Plots in 1990. 

Waste Rote P lot Samp l e Depth -- pH - CoCO3 
Number (cm) H20 CoCl2 Eq 

NaCl 10 23 TMEB9 0- 15 7 . 90 7 . 4 0 . 48 
NaCl 10 23 TME90 0- 15 7 . 60 7.3 0.48 
NaCl 10 23 TME91 0-15 7 . 90 7 .5 1. 09 
NaCl 10 23 TME92 0- 15 8.00 7 .5 0.84 
NaCl 10 23 TME93 15- 30 7.70 7.7 4.90 
NaCl 10 23 TME94 15-30 7.60 7 . 4 5. 14 
NaC l 10 23 TME95 15-30 7.30 7. 1 0.56 
NaCl 10 23 TME96 15-30 7 . 90 7.6 3.34 
NoC 10 23 TME97 15-30 7 . 70 7 .5 2. 4 1 
NoC 10 23 TME98 30-45 7.90 7 .8 5 . 01 
NoC 10 23 TME99 45-60 8.00 7.8 1 . 24 
NoC 10 23 TME99o 60- 75 8.00 7.8 4.93 
NoC 10 23 TME99b 75-90 8 . 00 7.7 5.37 
NoC 10 23 TME99c 90- 105 8. 10 7.8 5.25 
NoC 10 23 TME99d 105- 120 8. 10 7.8 5.33 
Noe 10 23 TME99e 120- 140 8.00 7.8 5 . 01 
Noe 10 28 TME122 0-1 5 7.40 6 .9 0.36 
Noe 10 28 TME123 0-15 7.50 7.3 0.40 
NoC 10 28 TME124 0-15 7 . 80 7.5 0.67 
Noe 10 28 TME125 0-15 7.60 7.4 0.55 
Noe 10 28 TME126 0-15 7 . 40 7.3 0.40 
Noe 10 28 TME 127 15-30 6.60 6.3 0.08 
NoC 10 28 TME128 15-30 7 .00 6.8 0 . 12 
NoC 10 28 TME1 29 15-30 6.80 6.6 0.15 ---J 

NoC 10 28 TME130 15-30 7. 10 6.9 0. 10 -...J 

NoC 10 28 TME131 15- 30 7.30 7 .0 0 . 12 
NoC 10 28 TME131a 30- 45 5.60 5.4 
Noe 10 28 TME131b 45-60 5.50 5.5 
NaC 10 28 TME131c 60- 75 5 .80 5.7 
NaC 10 28 TME131d 75- 90 5.90 5 .7 
Noe 10 28 TME131e 90-105 6.10 6.0 
NoC 10 28 TME131f 105-1 20 7.50 7.2 1.36 
Noe 10 28 TME131g 120-135 8 . 00 7.5 4.39 
NaC 10 28 TME131h 135-150 7.80 7.5 4.63 
Noe 10 38 TME174 0-15 7.70 7 .3 1.13 
NoC 10 38 TME175 0- 15 7 . 80 7.4 1 . 32 
Noe 10 38 TME176 0-1 5 7 . 60 7 .5 0 . 73 
Noe 10 38 TME177 0-15 8.00 7.6 3.06 
Noe 10 38 TME 178 0-15 7.80 7.5 2.21 
Noe 10 38 TME179 15-30 7 . 40 7 .0 0 .26 
NoC 10 38 TME180 15-30 7 . 60 7 .3 0 . 93 
NoC 10 38 TME181 15- 30 7.70 7.6 3.53 
NaC 10 38 TME182 15-30 7 .80 7.5 1.50 
NoC 10 38 TME183 15- 30 7 . 70 7 .4 0.95 
Noe 10 38 TME184 30-45 6.40 6.3 
Noe 10 38 TME185 45-60 5 . 90 5 .7 
NaC 10 38 TME 185a 60-75 6.20 5.8 
NoC 10 38 TME1 86 75-90 6.00 5.8 
NaC 10 38 TME186a 90- 105 6.10 5.9 
NaC 10 38 TME186b 105-120 6.50 6.3 
NaC 10 38 TME186c 120-135 7.80 7.6 3 .47 

CaCO3 Eq = Calcium carbonate equ ivalent (g CoCO3 eq/1009). 
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APPENDIX II. Saturated paste extract data for the soils 
and soil/waste mixtures in the ESSO field plots 
in 1990. 



Saturated Paste Extract Doto for the Soi Is and Soi I/Waste Mixtures in the Esso Field Plots in 1990 . 

Waste Rate Plot Field Depth Sat'n E.C. pH Cl Alk Al Fe Ti Cu Zn Mn 
Sample (cm) (7.) (dS/m) (mg/L) 

Freshwater 1 3 TME5 0-15 38.5 0.35 7.20 8.84 195.00 0.418 0.092 0.012 0.012 0.121 0 . 021 
Freshwoter 1 9 TME21 0-15 .39.5 0 . .36 7.20 7.50 206.00 0.49.3 0.061 0.016 0.018 0 . 095 0 .0.37 
Freshwater 1 13 TME41 0-15 42.5 0.48 7.20 10.00 268 .00 0.559 0.068 0.028 0 .015 0. 149 0 . 134 
Freshwater 1 1.3 TME42 15-.30 .34.5 0 . 32 7.40 5.32 168 . 00 0. 261 <0.010 <0.010 0.016 0.046 <0.006 
Freshwater 1 13 TME4.3 30-45 34.5 0.2.3 7.40 4.2.3 113. 00 0.237 0.026 <0.010 0 .012 0 . 039 <0.006 
Freshwater 1 13 TME44 45-60 29.0 0.25 7 . 60 7.07 131 . 00 0.229 <0.010 <0.010 0.013 0.052 <0.006 
Freshwater 1 13 TME44o 60-75 34.0 0.2.3 7.80 5.38 112.00 <0.200 <0.010 <0.010 0.013 0.038 <0.006 
Freshwater 1 1 .3 TME44b 75-90 31. 0 0.22 7.65 4.86 110 . 00 0.202 <0.010 <0.010 0.013 0.037 <0.006 
Freshwater 1 13 TME44c 90-105 29.5 0.22 7.70 5.51 107 . 00 0.216 0.011 <0.010 0.014 0.034 0 . 008 

Freshwater 2 2 TME4 0-15 43.5 0.68 7. 10 11 . 10 246.00 0.688 0.086 0.023 <0.010 0. 105 0 . 060 
Freshwater 2 8 TME19 0-15 37.5 0.52 7.20 10.20 214.00 0.680 0.064 0.021 0 . 013 0.178 0 .028 
Freshwater 2 8 TME20 15-30 36.5 0.65 7 . 10 11. 90 244.00 0.774 0.093 0.033 0.016 0 . 203 0. 149 
Freshwater 2 15 TME49 0-15 .37.0 0.43 7.45 11.44 210 . 00 0 . 449 0.050 0 .014 0.032 0.105 0.008 

Freshwater 3 1 TME1 0-15 41.0 0.70 6.95 20.20 226.00 0. 761 0. 141 0.035 <0.010 0.190 0 . 183 
Freshwater 3 1 TME2 15-30 35.5 0.35 6.40 11. 50 45.40 0.997 1 .989 0.272 0.027 0.233 0 . 610 
Freshwater 3 1 TME3 30-45 29.0 0.21 6.60 9.84 45.90 1 .385 10.390 1 . 161 0.070 0 . 290 0.498 
Freshwater 3 1 TME3a 45-60 337 0.25 5.80 13 . 80 17 .30 3.539 4.481 0 . 251 0.036 0.247 0.462 
Freshwater 3 1 TME3b 60-75 487 0 . 13 5 . 40 9.88 4 .84 1. 175 0.589 0.026 0.017 0. 187 0.051 
Freshwater 3 6 TME13 0-15 42.5 0.48 7.30 10 . 80 184.00 0.560 0.077 0.019 0.012 0. 114 0.015 
Freshwater 3 11 TME35 0-15 40.0 0.61 7.30 17 . 10 225 . 00 0.533 0.038 0.011 <0.010 0 .081 0.028 
Freshwater 3 11 TME36 0-15 37.0 0 . 68 7 . 40 20.90 246 . 00 0 . 621 0 . 042 0.017 0.015 0 . 102 0.070 
Freshwater 3 11 TME37 0-15 39.5 0.80 7.35 23.90 232.00 0.695 0.042 0.022 0.016 0.091 0.033 -...J 

Freshwater 3 11 TME38 0-15 36 . 5 0 . 45 7.20 14. 10 195.00 0.509 0.081 0.017 0.017 0 . 076 0.030 \0 

Freshwater 3 11 TME39 0-15 32.5 0.45 7.20 11. 00 188.00 0.477 0.043 0.013 0.020 0.101 0.024 

Freshwater 4 5 TME11 0-15 35.0 0.61 7.40 13.00 211. 00 0.699 0.050 0.022 0.016 0 . 151 0.019 
Freshwater 4 5 TME12 15-30 37.0 0.55 7.40 8.67 208.00 0.571 0.046 0 . 020 0.026 0.116 0.019 
Freshwater 4 7 TME14 0-15 40 . 5 0.74 7 . 40 24.60 201. 00 0.743 0.035 0.022 0 .017 0 . 115 0.018 
Freshwater 4 7 TME15 15-30 33.0 0 . 53 7.55 7.56 176.00 0.420 0.012 0 . 010 0 .026 0. 107 0.014 
Freshwater 4 7 TME16 30-45 39.5 0.34 7 .80 5.69 130.00 0.206 <0 . 010 <0.010 0.011 0.042 <0.006 
Freshwater 4 7 TME17 45-60 37.5 0 . 28 7 . 90 7.01 132.00 <0.200 <0 . 010 <0.010 0.012 0.036 <0.006 
Freshwater 4 7 TME17a 60-75 33.0 0 . 27 7 . 90 6.02 132 . 00 <0 . 200 <0.010 <0.010 0.013 0 . 023 <0.006 
Freshwater 4 7 TME18 75-90 35.5 0.30 7.85 7 . 67 124 . 00 <0.200 <0.010 <0.010 0 .012 0.041 <0.006 
Freshwater 4 7 TME18o 90-110 33 . 5 0.28 7 . 90 8.63 125.00 <0.200 <0.010 <0.010 <0.010 0.033 <0.006 
Freshwater 4 12 TME40 0-15 39.5 0.62 7.30 14.80 221 .00 0.562 0.061 0.014 0.013 0 . 096 0.025 

Freshwater 5 4 TME6 0-15 41 . 0 0 .96 7.60 17.00 255.00 0.846 0.060 0.022 0.019 0.081 0 . 022 
Freshwater 5 4 TME7 0-15 39.0 0 . 79 7 .50 14.00 261 .00 0 . 771 0.087 0.026 0.040 0.209 0.023 
Freshwater 5 4 TME8 0-15 44.0 1. 27 7.60 13.80 270.00 0.996 0.075 0.028 0.032 0 . 109 0.028 
Freshwater 5 4 TME9 0-15 40.5 1 .08 7.55 16.40 241 . 00 0.824 0.042 0.023 0 . 040 0. 121 0.043 
Freshwater 5 4 TME10 0-15 41 .3 0.83 7.60 12.25 234.50 0.626 0.033 0.016 0.026 0.087 0 .012 
Freshwater 5 10 TME22 0-15 41. 0 0.83 7.30 16.50 280.00 0.745 0.035 0 . 022 0.013 0.084 0.055 
Freshwater 5 10 TME23 0-15 40 . 5 0 . 57 7.40 20.60 232.00 0.502 0.041 <0.010 0 .019 0 . 151 0.074 
Freshwater 5 10 TME24 0-15 44.5 0 . 78 7.20 11 . 10 241.00 0.842 0.035 0.020 <0.010 0 . 127 0.100 
Freshwater 5 10 TME25 0-15 45.5 0 . 92 7.30 11. 90 265.00 0.785 0 . 034 0.018 <0.010 0 . 103 0.221 
Freshwater 5 10 TME26 0-15 40.5 0.62 7 .40 22.30 226.00 0.534 0.045 0.012 0.022 0.201 0.059 
Freshwater 5 10 TME27 15-30 33.0 0 . 59 7.60 8 . 13 160.00 0.385 0.016 <0.010 0.022 0.073 <0.006 
Freshwater 5 10 TME28 15-30 35.0 0.64 7.50 12 . 40 189.50 0.462 0.026 0.011 0.024 0 .067 0.014 

Sat'n = Percent Saturation; E.C. = Electrical Conductivity; Alk. = Aiko I inity (mg CaCO3/L); Elements (Cr, V, Cd, Pb, Li, Mo, 
Ni, Se and Co) below the detection I imit ore excluded from this table . 



Continued. Saturated Paste Extract Doto for the Soi Is and Soi I/Waste Mixtures in the Esso Field Plots in 1990. 

Waste Rate Depth Ca Mg Na K Sr B Ba p s Si As SAR 
(cm) (mg/L) 

Freshwater 1 0-15 67.35 14.94 10 . 01 5. 16 0 . 143 0.041 0.054 0.265 6 . 98 6.03 0. 102 0.3 
Freshwater 1 0-15 73 . 07 14.37 7.44 4 .90 0. 119 0 . 051 0.071 0.268 6 . 21 6.43 0. 120 0.2 
Freshwater 1 0-15 98.23 20.24 10.56 9.26 0.158 0.053 0. 103 0. 211 9.46 5 . 69 0. 114 0.3 
Freshwater 1 15-30 55 . 69 13.39 10.36 4.40 0.079 <0.040 0.043 <0 . 100 8 . 68 5.69 0. 106 0.3 
Freshwater 1 30- 45 34.78 9 . 63 9 . 23 2.26 0.043 <0.040 0.023 <0 . 100 8 . 11 7.59 0.064 0.4 
Freshwater 1 45-60 37.56 10 . 13 10.59 2.47 0.049 <0.040 0.033 <0 . 100 8.39 7.73 0.070 0.4 
Freshwater 1 60-75 34 .05 9.52 9.04 2.60 0 . 039 <0.040 0.035 <0. 100 6.64 7.75 0.062 0.4 
Freshwater 1 75-90 32 .84 9 . 16 9.54 2.75 0 . 044 <0.040 0.024 <0. 100 5.94 7.52 0 .066 0.4 
Freshwater 1 90-105 31. 20 8.60 9.56 3.01 0.042 <0.040 0 . 037 <0. 100 5 . 81 7 .33 0.059 0.4 

Freshwater 2 0- 15 120 . 95 20.06 30.10 8.64 0.304 0.142 0.089 0.245 62.27 9 . 60 0 . 093 0.7 
Freshwater 2 0-15 100 . 10 16.66 20.52 6.88 0 . 222 0. 167 0 . 078 0 . 369 33.35 9.24 0. 114 0.5 
Freshwater 2 15-30 108 . 44 21 .08 42. 10 8.53 0. 196 0. 122 0.097 0 . 344 47.26 6.06 0. 151 1. 0 
Freshwater 2 0-15 82 . 60 13 . 80 24.43 2 .58 0. 154 0. 163 0.067 0.246 18.01 11 . 31 0 . 112 0.7 

Freshwater 3 0-15 105.47 20.13 54.78 10 .29 0.232 0. 147 0 . 094 0.338 55.89 6.63 0. 125 1. 3 
Freshwater 3 15-30 37 . 56 10.79 26.49 6.56 0. 116 0 .145 0.065 0 . 149 46.15 11. 62 0 . 038 1.0 
Freshwater 3 30- 45 21.11 6.10 14.36 5 .29 0 . 095 0.106 0.033 0.262 18.21 14.07 0 . 043 0.7 
Freshwater 3 45-60 17.38 3.54 28.88 9.33 0.049 0.088 0.080 3.039 28.93 11 . 31 0 .078 1 . 7 
Freshwater 3 60-75 14 . 74 2 . 23 13.65 3.49 0.045 0. 113 0.058 1 . 145 12.59 4.08 <0.030 0.9 
Freshwater 3 0-15 80 . 86 13.88 27 . 65 3.62 0.236 0. 175 0.068 0.209 33 . 06 10.23 0.106 0 .7 
Freshwater 3 0-15 110 . 65 19.80 33.48 5 . 90 0.273 0 .138 0.080 0.173 48.32 8.88 0. 127 0.8 
Freshwater 3 0-15 125 . 94 20 . 29 29. 30 10 .63 0.343 0.145 0.086 0.158 56.31 9 . 31 0 . 116 0.6 
Freshwater 3 0-15 141.47 23.73 41 .85 8.99 0.328 0. 168 0. 111 0.180 80.44 11 . 07 0 . 110 0 .9 
Freshwater 3 0-15 86.47 13.65 16.93 6.40 0.174 0. 115 0 . 073 0.212 17.54 7.45 0. 116 0.4 O'.J 

0 
Freshwater 3 0-15 90 . 16 13.95 18 . 23 6. 72 0.200 0.095 0.072 0.261 24.50 6.50 0.099 0.5 

Freshwater 4 0-15 104. 10 16 . 15 39. 51 6.96 0.249 0.201 0. 122 0.235 51. 96 10.34 0.103 1 . 0 
Freshwater 4 15-30 88 . 51 15.85 39. 31 6 . 17 0.165 0.094 0.091 0. 175 42.54 4.89 0.188 1 .0 
Freshwater 4 0-15 128.99 20.71 40 . 86 9.60 0.245 0. 129 0. 103 0. 157 78.73 8.31 0. 117 0 . 9 
Freshwater 4 15-30 80 . 02 21 . 41 28.03 5.87 0.155 <0.040 0.076 <0. 100 49.68 4.04 0.122 0.7 
Freshwater 4 30-45 34 . 06 21 .04 15.59 4.85 0. 118 <0 . 040 0.069 <0. 100 19.23 8 .45 0.097 0.5 
Freshwater 4 45-60 26.77 17.94 14.95 4.57 0. 100 <0.040 0.043 <0. 100 7.66 8 .09 0 .096 0 . 5 
Freshwater 4 60-75 24.89 17 .25 15 . 36 4 .68 0 .105 <0.040 0 . 056 <0. 100 7. 17 7 .54 0.096 0.6 
Freshwater 4 75-90 27.48 20 . 23 16.64 5.67 0. 111 0.041 0.038 <0. 100 9.88 7 .78 0.099 0.6 
Freshwater 4 90-110 26 . 61 16. 96 14 . 72 5.46 0. 103 0 . 041 0.066 <0. 100 7. 10 6.94 0.094 0.5 
Freshwater 4 0-15 114 . 99 17 . 79 34.37 7.71 0.248 0. 163 0 .069 0.368 50 . 79 11. 32 0.097 0.8 

Freshwater 5 0- 15 162.20 19.54 86.40 8.42 0.399 0.327 0.094 0.448 121.66 11 . 77 0. 156 1. 7 
Freshwater 5 0-15 135 . 37 17 .14 68.90 7.01 0.341 0.262 0 . 071 0.329 82.03 10.97 0. 141 1. 5 
Freshwater 5 0-15 198 . 45 24 . 87 139.07 9 .53 0 .536 0.378 0 . 089 0 .312 191 . 22 12.81 0 . 137 2.5 
Freshwater 5 0-15 156. 19 20.57 121 . 07 9 . 16 0 .425 0.304 0.064 0.646 151 . 44 11. 73 0.125 2.4 
Freshwater 5 0-15 117 . 44 17 . 74 88.88 6. 16 0 .322 0.346 0 . 048 0.340 99.41 12.78 0.130 2.0 
Freshwater 5 0-15 143 . 34 23 . 42 50. 12 12.34 0 .345 0 . 286 0 . 101 0 . 223 78 . 78 12.60 0 . 148 1.0 
Freshwater 5 0-15 102 . 57 13.38 41 . 45 6 . 96 0 . 264 0 . 294 0 . 080 0 . 642 37.25 13 . 66 0 . 126 1 . 0 
Freshwater 5 0-15 156.71 24.30 25.48 10 . 18 0.380 0 .223 0.086 0.369 82.36 15.48 0 . 107 0 . 5 
Freshwater 5 0-15 168 . 42 27.54 53 .36 10.82 0 . 405 0 . 230 0.083 0 . 261 112. 24 14.73 0 . 107 1.0 
Freshwater 5 0-15 109.63 17 .29 41. 74 6.99 0.258 0.256 0.073 0.552 48.58 14.04 0. 110 1 .0 
Freshwater 5 15-30 74.81 20 .46 52 . 70 3.42 0. 101 0.040 0.035 0. 101 64.51 6 . 70 0 . 086 1 . 4 
Freshwater 5 15-30 87 . 53 19.54 60.74 3 .61 0 .159 0.123 0.063 0. 130 65.74 9. 14 0.100 1.5 

SAR= Sodium Adsorption Ratio; Elements (Cr , V, Cd, Pb, Li, Mo , Ni , Se and Co) below the detection limit ore 
excluded from this table . 



Continued. Saturated Paste Ex tract Doto for the Soi Is and Soi I/Waste Mi x tures in the Esso F i eld Plots in 1990 . 

Waste Rote Plot Field Depth Sot'n E.C . pH Cl Al k Al Fe Ti Cu Zn Mn 
Samp l e (cm) (%) (dS/ m) (mg/L) 

Freshwater 5 10 TME29 15-30 40 .0 0 .84 7 .20 12.20 306.00 0.768 0 . 079 0.028 0.01 1 0 .097 0 . 215 
Freshwater 5 10 TME30 15-30 37.5 0 . 92 7.25 12.20 282.00 0 . 810 0.068 0.023 0 . 011 0. 136 0. 111 
Freshwater 5 10 TME31 15-30 39 . 0 0.75 7.30 17.20 188 . 00 0 . 492 0. 011 <0 . 010 0.022 0 . 075 0 . 029 
Freshwater 5 10 TME32 30-45 31 . 5 0.48 7.30 9 . 02 106.00 0.301 <0.010 <0.010 <0.010 0 . 060 <0 .006 
Freshwater 5 10 TME33 45- 60 33.0 0 . 49 7.50 8 . 26 94.30 0.350 <0.010 <0.010 <0 . 010 0.050 <0.006 
Freshwater 5 10 TME33o 60-75 33 . 0 0 . 51 7 .60 7 . 55 111 . 00 0.378 <0.010 <0.010 <0 . 010 0.044 <0.006 
Freshwate r 5 10 TME34 75-90 32.0 0.60 7 . 50 7 . 34 105.00 0 . 461 <0.010 0.012 <0 . 010 0 . 045 <0.006 
Freshwater 5 10 TME34o 90-105 30.5 0.54 7 . 70 12.00 92 . 90 0 . 362 <0 . 010 <0 . 010 <0.010 0 . 047 <0 .006 
Freshwater 5 10 TME34b 105-115 31.5 0 .52 7 .60 12 .00 108.00 0 . 356 <0.010 <0 . 010 <0.010 0.040 <0.006 
Freshwater 5 14 TME45 0-15 43 .0 0 . 65 7 .10 18.60 229 . 00 0 . 638 0.097 0 . 022 0 . 020 0 . 198 0 .065 
Freshwater 5 14 TME46 15-30 31 .0 0.48 7.45 9 . 46 153 . 00 0.362 <0 . 010 <0 . 010 0.019 0 . 087 0.010 
Freshwater 5 14 TME47 30- 45 33 . 5 0 . 43 7 .30 9 . 88 109.00 0.350 <0.010 <0.010 0 . 011 0.063 <0.006 
Freshwater 5 14 TME48 45-60 35 . 5 0 . 39 7 .40 29.50 106 . 00 0 . 322 <0.010 <0 . 010 0 . 013 0 . 045 <0.006 
Freshwater 5 14 TME48o 60-75 33 . 0 0.25 7.60 5 . 48 113 . 00 <0.200 <0.010 <0 . 010 <0 . 010 0.041 <0.006 
Freshwater 5 14 TME48b 75-90 33.5 0.23 7 . 65 7 . 25 109.00 0 . 216 <0.010 <0.010 0.011 0 . 026 <0 .006 
Freshwater 5 14 TME48c 90-105 30 .0 0.25 7.70 6 .83 120 .00 0 . 213 <0.010 <0.010 0.012 0.043 <0.006 

KC 1 17 TME63 0-15 37 . 5 0.44 7 .15 21 . 30 224 . 00 0.418 0.056 0.015 0.019 0 . 105 0 .070 
KC 1 42 TME190 0-15 35.5 0 .37 7.30 16 .00 175.00 0.326 0.019 <0.010 0 . 019 0 . 068 0.014 
KC 1 42 TME191 0-15 34 . 5 0 . 38 7 . 40 14 . 40 189 . 00 0 . 343 0.019 <0.010 0 . 018 0 . 027 0.017 
KC 1 42 TME192 0-15 37 . 5 0.46 7 .20 16.09 215 . 00 0.544 0.064 0.023 0 . 026 0 . 043 0.030 
KC 1 42 TME193 0-15 34 .0 0 . 40 7 . 10 14 . 70 232.00 0.388 0.055 <0.010 0.015 0.098 0.050 
KC 1 42 TME194 0-15 34.0 0 . 38 7 . 10 12 .70 206.00 0.375 0.039 <0.010 0.024 0.102 0 .034 
KC 1 43 TME195 0-15 35 . 5 0 . 41 7. 10 11 . 90 226 . 00 0.411 0 . 053 0.010 0.020 0 . 077 0 .042 
KC 1 43 TME195o 15-30 35.5 0 . 42 7.20 5 . 80 211 . 00 0.279 0 . 018 <0 . 010 0 . 013 0 .068 0.020 co 
KC 1 43 TME195b 30-45 32.0 0.32 7.40 6 . 20 164 . 00 <0.200 0.014 <0.010 <0 . 010 0.046 0.015 -
KC 1 43 TME195c 45-60 32.0 0.25 7 .55 5 . 10 138.00 <0.200 <0.010 <0.010 <0 . 010 0.028 <0.006 
KC 1 43 TME195d 60-75 33.5 0 . 26 7 .60 4.70 152 . 00 <0.200 <0 . 010 <0.010 <0.010 0 . 032 <0 . 006 
KC 1 43 TME195e 75-90 33 . 5 0.25 7 .70 5.40 139.00 <0.200 <0.010 <0.010 <0 . 010 0 . 035 <0.006 
KC 1 43 TME195f 90-105 32.5 0.25 7 .70 6 . 90 136.00 <0.200 0 . 014 <0.010 <0 . 010 0 . 038 <0 . 006 
KC 1 43 TME195g 105-120 31 . 0 0.24 7.60 6.56 131 . 00 <0.200 0.028 <0.010 <0 . 010 0.028 <0 . 006 
KC 1 43 TME195h 120-135 30.5 0 . 24 7 .50 6.20 127 . 00 <0.200 <0.010 <0 . 010 <0.010 0 . 044 <0.006 

KC 2 33 TME151 0-15 34.5 0.35 7.30 9.20 218. 00 0.307 0 . 057 <0 . 010 0.016 0 . 054 <0.006 
KC 2 40 TME188 0-15 39.5 0 . 60 7 .25 35. 14 250.00 0.609 0.048 0 . 024 0 . 025 0 . 089 0.056 
KC 2 45 TME208 0-15 35.0 0 . 47 7 .30 35 . 75 216 . 00 0.363 0.053 <0 . 010 0 .027 0 . 108 0 . 029 
KC 2 45 TME209 0-15 38 . 5 0 . 51 7. 10 28 . 97 243.00 0.591 0 . 081 0 . 029 0 . 021 0 . 117 0.144 
KC 2 45 TME210 0-15 37 . 3 0.59 7 .23 31. 56 238.50 0.551 0.083 0 . 026 0 . 026 0.067 0.049 
KC 2 45 TME211 0-15 33.5 0.81 6.90 175.20 150.00 0.653 0 . 106 0 . 030 0.029 0 . 138 0 . 116 
KC 2 45 TME212 0-15 40.0 0 . 51 7 . 10 47 . 36 236 . 00 0 .516 0 . 150 0 . 027 0 .031 0 . 092 0.029 
KC 2 45 TME213 15-30 36.5 0.65 7 .20 60.05 258.00 0.487 0.014 0 .012 0.011 0.041 0.080 
KC 2 45 TME214 15-30 35 . 5 0 . 51 7 . 40 38 . 44 259 .00 0 . 460 0.031 0.017 0.028 0.059 0 . 029 
KC 2 45 TME215 15-30 34 . 5 0 . 41 7 .40 29.22 172. 00 0.281 0 . 022 <0 .010 0.016 0 . 034 <0 . 006 
KC 2 45 TME216 15-30 28.5 0.98 6.40 296 .00 25 .20 0 .896 0.1 10 0.023 0.019 0 . 248 0 .856 
KC 2 45 TME217 15-30 39 .5 0.48 6 . 40 88 . 45 108 .00 0 . 468 0.115 0 .020 0.020 0 . 245 0 . 307 
KC 2 45 TME218 30-45 32.5 0.32 6.40 87.80 15.00 0.245 0 .039 0.014 0.013 0.108 0 .029 
KC 2 45 TME219 45-60 32.0 0.24 6 . 60 57.85 21 . 20 <0.200 0 . 081 0. 011 <0.010 0 . 066 0 . 023 
KC 2 45 TME220 60-75 30 .0 0 . 16 6.60 36 . 83 23.60 0 . 367 0 . 215 0 .063 0 . 034 0 .067 0.019 
KC 2 45 TME221 75-90 32.5 0 . 12 6 . 70 18.22 19.90 2 . 624 3 . 844 0.586 0 . 029 0.056 0.015 
KC 2 45 TME222 90-105 29.0 0 . 10 6.70 17 . 75 14.80 0 . 610 1. 039 0 . 155 0 . 020 0.042 0 .007 

Sot'n = Percent Saturation; E.C. = Electri cal Conductivity; Alk . = Alkalinity (mg CoCO3/L); Element s (er, V, Cd, Pb , Li, 
Mo, Ni, Se and Co) below the detection limit ore e xcluded from this table. 



Continued . Saturated Paste Extract Doto for lhe Soi Is and So i I/Waste Mixtures in the Esso Field Plots in 1990 . 

Waste Rote Depth Co Mg No K S r B Ba p s Si As SAR 
(cm) (mg/L) 

Freshwate r 5 15-30 158 . 50 27.82 43.63 12. 12 0.318 0.160 0 .090 0 . 351 78 . 65 9 . 08 0. 150 0 . 8 
Freshwater 5 15-30 162 . 75 29 . 04 58.55 11 . 50 0 .332 0 . 184 0 . 084 0.330 108.24 10.00 0 . 125 1 . 1 
Fr eshwater 5 15-30 100 . 72 23 .91 75 . 06 4.73 0 . 125 <0 .040 0.049 <0.100 88.05 9.69 0. 113 1. 7 
Freshwater 5 30-45 62 . 52 21 . 78 28 . 94 1. 96 0.069 <0.040 0.047 <0 . 100 59 . 61 8.73 0.064 0.8 
Freshwate r 5 45-60 73 . 53 24.63 17.69 2.42 0 .083 <0 .040 0.042 <0 . 100 68.00 8 . 82 0 . 053 0.5 
Freshwater 5 60-75 74 . 20 25.31 14 . 54 2 .86 0.073 <0.040 0 . 040 <0.100 68 . 36 8. 16 0.050 0.4 
Freshwater 5 75- 90 88.29 30.76 15.58 4 .02 0 .099 <0 .040 0.076 <0 . 100 88.78 7.81 0.043 0.4 
Freshwater 5 90-105 76.93 27 . 07 15 . 94 3 .83 0 .092 <0 . 040 0.088 <0.100 72.34 7.81 0 . 042 0.4 
Freshwater 5 105-115 74.60 26.03 15.46 4. 17 0.097 <0 .040 0.097 <0 . 100 66.61 7 . 68 0.049 0.4 
Freshwater 5 0-15 106.40 18.05 49.91 9 . 79 0.212 0 . 162 0.072 0.426 45 . 26 10.84 0. 122 1. 2 
Freshwater 5 15-30 67 . 38 22 . 66 31 . 36 1 . 64 0.078 <0 . 040 0 . 036 <0 . 100 49.78 6 . 15 0.081 0 . 8 
Freshwater 5 30-45 63 . 85 21 . 48 13.80 1 . 25 0.061 <0.040 0.037 <0.100 48 . 21 6 .96 0.061 0.4 
Freshwater 5 45- 60 55. 12 16.22 16 . 66 1 . 29 0 .049 <0 . 040 0 .035 <0 . 100 29 . 70 6 . 65 0 . 059 0.5 
Freshwater 5 60-75 37 . 38 10.61 8 . 76 1 . 11 0.039 <0 . 040 0.021 <0.100 10 .51 6.39 0 . 056 0.3 
Freshwater 5 75-90 35 . 59 9.61 8.86 1 . 18 0.047 <0.040 0 . 027 <0. 100 6.98 6.35 0.058 0.3 
Freshwater 5 90-105 37.87 10.35 10.21 1 . 44 0 .050 <0.040 0 .046 <0 . 100 7 .72 6 . 61 0.073 0.4 

KC 1 0-15 75 . 23 16 . 38 10 . 89 18 .71 0 . 134 0.063 0 . 088 0 . 292 5 . 71 5 . 45 0 . 105 0.3 
KC 1 0-15 69.02 13.95 10.72 4. 96 0 . 100 <0 . 040 0 .085 0 . 125 6 . 14 5 . 49 0. 115 0.3 
KC 1 0-15 64.83 15 . 62 12 . 84 6 .08 0 . 113 <0.040 0 . 081 0 . 141 5 . 76 7.06 0. 119 0.4 
KC 1 0-15 85.59 17.30 11. 89 6 .93 0 . 121 <0 . 040 0.097 0 . 228 9 . 65 6 . 77 0 .134 0.3 
KC 1 0-15 77.54 15.99 12.42 6. 15 0 . 113 <0.040 0.083 0.180 5 .94 5.99 0. 115 0.3 
KC 1 0- 15 67 . 90 17 . 15 11 . 65 5.36 0. 101 <0.040 0 .084 0 . 209 4.80 7.00 0. 117 0.3 
KC 1 0-15 83 . 44 16.49 10.92 6.57 0. 120 <0.040 0 .081 0 . 198 11 .05 5 . 19 0 . 137 0 . 3 
KC 1 15-30 78.89 18.56 11. 30 8 . 52 0. 115 <0.040 0 .067 0.120 20. 16 3.95 0 . 115 0.3 :x:, 

KC 1 30-45 51 . 02 13.60 12 .41 5 . 12 0.068 <0 .040 0 . 046 <0 . 100 11 . 69 5.39 0 . 094 0.4 
\ '\,) 

KC 1 45-60 36 . 88 10.20 10 . 10 4 .95 0 .050 <0 .040 0 .044 <0 . 100 4 . 75 7. 17 0.086 0.4 
KC 1 60-75 38 . 09 10.99 10.76 5 . 51 0 .051 <0 .040 0 .058 <0 . 100 4.18 7 . 39 0.084 0 . 4 
KC 1 75-90 36.31 10.73 9.57 5. 83 0.050 <0.040 0 .062 <0 . 100 4 . 13 7.06 0.077 0.4 
KC 1 90-105 34 . 97 10 . 07 10.98 5 . 67 0.048 <0.040 0 .061 <0 . 100 4 .38 6.99 0.079 0.4 
KC 1 105-120 34 . 94 10 . 15 9.57 6.09 0.048 <0.040 0 .063 <0.100 4 . 52 6.89 0 . 074 0.4 
KC 1 120-135 34 . 76 9 . 73 10 . 49 6 .08 0.050 <0 .040 0.064 <0.100 4 . 28 6.58 0.090 0 . 4 

KC 2 0-15 72.44 14.93 12.39 4.20 0 . 109 <0 .040 0.081 0 . 235 4 . 36 6.20 0 . 061 0.3 
KC 2 0-15 99 . 66 18 . 66 16 .74 27.70 0 . 186 0 .042 0 . 160 0.214 19.72 6 . 05 0 . 136 0.4 
KC 2 0-15 89.49 15 . 46 14.65 24.37 0 . 155 <0.040 0. 141 <0.100 13 . 39 4.44 0 . 122 0 . 4 
KC 2 0-15 97 . 69 16 .52 10 . 46 26 . 62 0 . 168 0 .049 0 . 148 0.243 11. 15 4 . 18 0. 149 0.3 
KC 2 0-15 101 . 01 17.86 16 .96 36 . 15 0 . 198 0 . 076 0. 161 0.212 29.49 6.03 0 . 147 0 . 4 
KC 2 0-15 117 .02 24 .7 1 25 .40 34.63 0 . 181 0.065 0. 200 0. 139 20.05 4 . 09 0. 103 0.6 
KC 2 0-15 85 . 55 15.66 12 .70 49 . 66 0 . 149 0.059 0. 150 0.172 16 . 26 3 . 33 0 . 132 0 . 3 
KC 2 15-30 105.34 27.80 19 .85 10.78 0 . 202 <0 . 040 0 .156 <0 . 100 20 . 08 3 . 03 0 .144 0.4 
KC 2 15-30 88.00 21. 10 18.26 9.09 0 . 134 0 . 041 0. 112 0 . 162 10. 16 7 . 40 0 . 154 0.5 
KC 2 15-30 70 . 75 17. 13 19.98 7.57 0 . 108 <0 . 040 0.078 <0 . 100 16 . 07 7 . 63 0.078 0 . 6 
KC 2 15-30 132 . 16 29 . 83 28.86 31 . 54 0 . 230 0.069 0.314 <0. 100 23 . 65 8 .39 0.049 0.6 
KC 2 15-30 62.50 14.58 17 .68 22.44 0 . 134 0.053 0. 162 0 . 105 21. 04 6.08 0 . 063 0 . 5 
KC 2 30-45 37 . 13 11 . 75 11 .08 7 . 88 0.088 0.050 0 . 101 <0 . 100 7 . 42 12 . 97 <0.030 0.4 
KC 2 45-60 26 .88 9 . 04 11. 36 5 .86 0 . 059 0 . 047 0 .075 <0 . 100 6 .87 13 . 98 <0.030 0.5 
KC 2 60-75 15.81 5.65 9 . 40 3.95 0 . 038 0 . 072 0.059 <0 . 100 6.08 14.69 0 . 048 0.5 
KC 2 75-90 6.96 4.76 15. 19 2.63 0 .054 0.073 0.035 0. 179 6 . 56 25.25 0 . 032 1 . 1 
KC 2 90-105 10 . 49 3.03 8 . 42 2.58 0 .024 0.065 0 .042 0 . 113 6.23 20 . 31 <0 . 030 0.6 

SAR= Sodium Adsorption Ratio; Elements (Cr , V, Cd, Pb, Li, Mo, Ni , Se and Co ) be low the detection I imit ore excluded 
from this table. 



Conti nued . Saturated Paste Extrocl Doto for the Soi Is and Soi I/Waste Mi x ture s in the Essa Field P lots in 1990 . 

Waste Rote Plot Field Depth Sot ' n E.C. pH Cl Al k Al Fe Ti Cu Zn Mn 
Sample ( cm) (%) (dS/m) (mg/ L) 

KC I 2 45 TME223 105-120 35 . 5 1. 70 6.20 533 . 00 36 . 90 0. 611 <0 . 010 0 . 014 <0 . 010 0 . 146 0 . 073 
KCI 2 45 TME224 120-135 31 . 0 0 .09 6 . 70 5.50 41 .80 0 . 978 0.580 0.088 0.018 0 .052 0.010 

KCI 3 21 TME79 0- 15 41 .5 0.68 6.90 29 . 60 212 .00 0 . 508 0.182 0.033 0 . 024 0 . 233 0 .070 
KCI 3 21 TME80 0-15 42.5 0. 72 7.20 22.80 267.00 0.527 0.076 0.019 0.017 0 . 132 0 .059 
KCI 3 21 TME81 0-15 43.0 0.56 7 . 10 19 . 80 254.00 0.585 0.076 0.033 0.022 0. 101 0 . 072 
KCI 3 21 TME82 0-15 42 . 0 0.60 7.00 25 . 10 220 .00 0.591 0. 149 0 .028 0 . 019 0 . 121 0 .055 
KCI 3 21 TME83 0-15 41 . 5 0.52 7 .00 20 . 00 213 . 00 0 . 453 0. 163 0.025 0.018 0 . 135 0.055 
KC I 3 30 TME137 0-15 37.0 0.60 7. 10 36. 94 264.00 0.464 0.087 0.012 0 . 019 0 . 102 0 . 118 
KCI 3 39 TME187 0-15 39.0 0 . 84 7 .30 126 . 90 196 . 00 0 .575 0 . 033 0.022 0 .020 0 . 056 0 . 031 

KC 4 16 TME50 0-15 39.0 0 . 65 7.40 22 . 50 240.00 0 .525 0 . 045 0 . 019 0.019 0 . 066 0.037 
KC 4 16 TME51 0-15 42.0 0.65 7.40 14.80 238 . 00 0.502 0 . 040 0 .014 0 .016 0 . 075 0 .009 
KC 4 16 TME52 0-15 39.0 0.70 7.40 21. 10 235 . 00 0.569 0 . 042 0 . 021 0.020 0 . 048 0 . 042 
KC 4 16 TME53 0-15 39 . 0 0.65 7 .30 20 . 70 223.00 0.451 0 . 063 0.017 0 . 024 0 . 091 0.013 
KC 4 16 TME54 0-15 40.0 0 . 65 7 . 15 18 . 60 220 . 00 0 . 489 0 . 048 0.012 0.014 0 . 100 0 . 021 
KC 4 16 TME55 15-30 29.0 0 . 37 7 .30 10 . 40 152 . 00 0.324 0.012 <0.010 0 .017 0 . 082 0 . 009 
KC 4 16 TME56 15-30 35 . 0 0 . 47 7 . 25 15 . 40 211 . 00 0.434 0 . 030 0 .013 0.020 0 . 113 0.026 
KC 4 16 TME57 15-30 34.0 0 . 40 7 . 40 8 . 72 176 .00 0.380 0.025 0.013 0.025 0.078 0.018 
KC 4 16 TME58 15-30 36.0 0 . 37 7 .30 16 . 20 160.00 0.354 0.028 0. 011 0 . 028 0 . 069 <0 . 006 
KC 4 16 TME59 15-30 33.0 0 . 41 7.40 17.40 192 . 00 0 . 424 0 .025 0 . 014 0 . 032 0 . 076 0.010 
KC 4 16 TME60 30-45 33.5 0 . 34 7 .50 15 . 00 145 . 00 0. 311 0 . 013 <0.010 0.018 0 .070 0 .007 
KC 4 16 TME61 45-60 28.5 0 . 31 7 .50 14 . 40 165.00 0.288 0.019 <0.010 0.021 0 . 099 0 .008 
KC 4 16 TME61o 60-75 27.0 0 . 17 7 .30 7.83 61 . 80 0 .316 1 . 583 0.107 0.031 0 . 151 0 .015 00 
KC 4 16 TME62 75-90 33 . 0 0 . 18 7 .40 7 . 19 60.10 <0 . 200 0 .022 <0 .010 0 . 019 0 . 058 <0.006 w 
KC 4 16 TME62a 90-110 38.0 0 . 21 7 . 45 9 . 26 76.80 0.207 0 .012 <0.010 0.016 0 . 038 0.007 
KC 4 24 TME100 0-15 37.5 1 . 05 7.30 123.00 232.00 0.537 0 . 078 <0.010 <0.010 0 . 126 0 .039 
KC 4 29 TME132 0-15 35.5 1 . 25 7 .30 147 . 40 229 . 00 0.571 0 .068 0 .010 0.019 0. 101 0 .062 
KC 4 29 TME133 15-30 35.0 1.03 7 . 40 150 . 50 230.00 0 . 728 0 .014 0.017 0 . 012 0.035 0 .045 
KC 4 29 TME134 30-45 36.5 0 . 92 7 . 40 158.70 214 . 00 0 . 669 <0 . 010 0 .015 <0 . 010 0.024 0.070 
KC 4 29 TME135 45-60 34.5 0 . 44 6 .90 74 . 84 62 .00 0 . 279 <0 . 010 <0.010 <0.010 0.036 0 . 016 
KC 4 29 TME135o 60-75 34 .0 0 . 31 6 .80 43 . 01 33 .50 0 . 213 <0 . 010 <0 .010 0.013 0.049 0 .020 
KC 4 29 TMEl 36 75-90 35 . 5 0 . 34 6 . 60 50 . 46 24 . 20 0 . 203 <0.010 <0.010 <0 . 010 0.073 0 .024 
KC 4 29 TME136o 90-105 33 .5 0.30 6 . 40 56 . 32 22 .00 0 . 261 0.037 0 . 010 <0.010 0 .057 0 . 126 
KC 4 29 TME136b 105-120 37.0 0.25 6.90 36.64 64 .80 0.359 0 . 123 0 . 017 <0 . 010 0 . 043 0 .077 
KC 4 29 TME136c 120-135 32 .0 0 . 28 7.40 29 . 13 115 . 00 0.225 0.015 <0.010 <0 . 010 <0 .020 0 . 011 

KCI 5 25 TME101 0-15 38 .5 2.49 7 .10 514.60 197.00 0.983 0.102 0 . 018 <0 .010 0 . 110 0 . 211 
KCI 5 25 TME102 0-15 35.5 3 . 56 7.20 906.30 164.00 1 . 550 0 . 042 0 . 037 0 .014 0 . 106 0 . 175 
KCI 5 25 TME103 0-15 35.0 5 . 56 7 . 10 1532 168 . 00 2 . 254 0.058 0.053 0 . 024 0.190 0.201 
KCI 5 25 TME104 0-15 35.5 8.15 7 .10 2459 173.00 3.058 0 . 020 0.062 0 .027 0. 125 0.706 
KCI 5 25 TME105 0-15 35.5 3.21 7 . 30 659 . 60 173.00 1 . 204 0 . 038 0 . 028 0 .027 0 . 086 0.064 
KCI 5 25 TME106 15-30 37.0 1 . 58 5.80 464.40 46.90 1. 565 0.890 0.054 0 .029 0.370 20.200 
KCI 5 25 TME107 15-30 33 . 5 2.05 6.70 544.30 177 . 00 1 . 234 0 . 140 0 . 041 0.023 0. 122 9.376 
KCI 5 25 TME108 15-30 35.0 3.18 6 . 80 925.80 186 . 00 1 . 815 0 . 133 0.054 0.029 0. 164 18 .225 
KCI 5 25 TME109 15-30 34 . 0 2.59 6.60 754.40 123.00 1 .384 0 . 265 0 .036 0 .027 0.165 30 . 140 
KCI 5 25 TMEl 10 15-30 38.5 2.20 7.00 461 . 20 226 . 00 1. 257 0.078 0 .031 0 . 019 0 . 073 0.991 
KCI 5 25 TME111 30-45 38 . 5 0.49 5.70 146.50 113 . 00 1 . 238 0 .877 0 . 021 0.020 0. 186 1. 403 
KCI 5 25 TME112 45-60 31 . 5 0.39 5.80 115. 70 15 . 40 1 . 299 1 .123 0.044 0 .021 0.445 0.644 
KCI 5 25 TME112o 60-75 36.0 0.21 5.70 56.77 5.03 5.763 5.817 1 . 118 0 .029 0 . 106 0.477 

Sot'n = Percent Saturation ; E.C. = Electrical Conductivity ; Alk. =Alkalinity (mg CoCO3/L ) ; Elements (Cr , V, Cd, Pb, Li, Mo, 
Ni, Se and Co) below the detection I imit ore e xcluded from this table . 



Conlinued . Saturated Pas t e Ex t ract Data for the Soi Is and So i I/Waste Mixtures in the Esso Fie ld Plots in 1990 . 

Waste Rote Depth Co 
(cm) 

Mg No K Sr B Bo p s Si As SAR 
(mg/L) 

KCI 2 105- 120 135.52 52. 43 162.33 5. 12 0 . 248 0 .051 0.292 <0 . 100 24 .61 13 . 04 <0.030 3 .0 
KCI 2 120-135 10. 18 3.69 7.43 1. 82 0 . 021 0 .061 0.031 <0. 100 3.88 18.76 0 . 036 0.5 

KCI 3 0-15 76.69 11. 89 19 . 21 119 . 27 0 . 204 0 . 153 0 . 146 0.696 37.64 7.91 0.098 0 . 5 
KCI 3 0-15 104 . 16 16.77 16.53 94.46 0 . 249 0 . 161 0 . 130 0 . 408 42.63 10 . 32 0 . 118 0 . 4 
KCI 3 0-15 99.20 17.27 9 . 50 46. 19 0.208 0 .091 0 . 144 0.334 17. 13 6.31 0. 127 0.2 
KC I 3 0-15 85.22 13 . 84 13.41 82. 14 0 . 204 0 . 123 0.126 0 . 634 24 .97 9.06 0. 117 0.4 
KC I 3 0-15 71. 52 13.57 15 . 13 67 . 60 0.148 0.093 0.135 0.608 16. 79 8.14 0. 11 4 0 . 4 
KCI 3 0-15 93.54 16.75 18.99 65 . 75 0 . 190 0.052 0 . 142 0.249 20 . 48 5.91 0.052 0.5 
KCI 3 0- 15 108.95 20 . 13 51 .96 30.86 0 . 206 0 .049 0 . 133 0 . 149 36.69 4 . 91 0. 124 1 . 2 

KCI 4 0- 15 103.69 17.42 13 . 26 60.23 0 . 229 0 .084 0.129 0.204 42.00 5.34 0. 114 0 . 3 
KCI 4 0-15 101.87 15 . 93 10. 92 60.37 0.266 0 . 115 0. 111 0 . 199 44.84 9.06 0.103 0.3 
KCI 4 0-15 112.09 18. 14 13.32 65.75 0 . 284 0. 102 0 . 156 0 . 199 53.48 6 . 45 0. 110 0.3 
KCI 4 0-15 78 . 42 14.49 20.79 92.22 0 . 250 0. 111 0.086 0.210 44.02 5.58 0. 110 0.6 
KCI 4 0-15 98.47 15 . 33 11 . 97 79.08 0 .247 0. 115 0. 139 0 . 258 49.79 6.82 0 . 119 0 . 3 
KCI 4 15-30 63.96 13.87 13. 17 5. 72 0 . 093 <0.040 0 .048 <0.100 21 .30 4 . 82 0.095 0.4 
KCI 4 15-30 82.04 17.00 12.65 20 . 77 0 . 148 0 .058 0.088 0 . 221 22 .00 4.59 0.099 0 . 3 
KC 4 15-30 69 . 64 14.99 15.23 6.35 0. 112 <0.040 0.062 <0. 100 23.07 2.91 0 . 09 6 0. 4 
KC 4 15-30 62.49 11. 73 12 . 91 16.90 0 . 100 <0 .040 0.074 0. 112 18.01 3 . 03 0 . 079 0 . 4 
KC 4 15-30 73.91 14.57 14 . 19 9.66 0 . 120 0 . 048 0.063 0. 144 18.53 4 . 36 0.084 0 . 4 
KC 4 30-45 57.82 14 . 67 12 . 36 2 . 03 0 .081 <0.040 0.029 <0. 100 16.48 5.03 0 . 078 0 . 4 
KC 4 45-60 52.20 15.69 15 .36 1. 92 0.083 <0.040 0.025 <0. 100 12.44 4.60 0.099 0 . 5 
KC 4 60-75 24.2 1 6.37 10.56 4.69 0.051 0.065 0.022 0 . 110 13.59 7.08 0 . 034 0 . 5 co 
KC 4 75-90 22.11 6.96 10.02 2.53 0.035 0 .040 0.024 <0. 100 12 . 60 7.37 0.032 0.5 ~ 

KC 4 90-110 27.93 8.64 10.56 1 . 65 0 . 042 <0.040 0.019 <0. 100 11 . 63 7 . 12 0.046 0.4 
KC 4 0-15 125 . 37 22 . 42 41. 43 161. 41 0 .326 0 . 171 0 . 175 0.296 73.54 8 . 43 0 . 092 0.9 
KC 4 0-15 128.30 20. 10 49 . 37 218.60 0 . 325 0 . 126 0 . 142 0 . 235 92 .80 5 . 59 0 . 070 1 . 1 
KC 4 15-30 160 . 69 34.55 41.63 34.68 0 . 291 <0.040 0.147 <0 . 100 59 .75 3. 11 0.063 0.8 
KC 4 30-45 146.43 33.49 24.75 18.50 0 . 262 <0.040 0.128 <0. 100 37.06 3 . 15 0 . 033 0.5 
KC 4 45-60 51 . 10 13.27 17.23 24.90 0. 111 <0.040 0.088 <0. 100 21 .06 5.66 <0.030 0 . 6 
KC 4 60-75 31. 92 8.66 15 . 60 20.62 0.071 0.045 0 .056 <0. 100 26 .89 8 . 22 <0 . 030 0 . 6 
KC 4 75-90 32 .20 10 . 54 20 . 82 15 . 23 0. 131 0.042 0 .026 <0. 100 28.79 9.83 <0 . 030 0 .8 
KC 4 90-105 32.07 10.81 14 . 13 12.00 0.055 <0.040 0.047 <0. 100 17 . 90 12 . 41 <0.030 0.6 
KC 4 105-120 29.69 11 . 21 8 . 48 9 .12 0.039 <0.040 0 .047 <0.100 9.21 9.82 <0.030 0 .3 
KC 4 120-135 36 .80 12.95 9 . 80 8.15 0.039 <0.040 0 . 043 <0.100 6.57 7. 13 <0.030 0.4 

KC 5 0-15 228.30 30.50 87.75 469.20 0 . 705 0.256 0.214 0.233 132 . 94 8.00 0.081 1 . 4 
KC 5 0-15 361 . 60 54 . 07 125.81 533 . 10 1 . 104 0.213 0.209 0. 119 190.07 4 . 64 0.062 1 . 6 
KC 5 0-15 568.90 93.21 205.80 864.40 1. 935 0.346 0.265 0 . 135 307.60 6 .46 0 . 038 2.1 
KC 5 0-15 846.50 129 269 . 90 1217 2 . 823 0.278 0 . 379 0 . 136 293.50 6.78 0.044 2.3 
KC 5 0-15 269.20 44.95 123. 14 600.90 0.929 0.278 0 . 257 0 . 128 231 . 10 6.02 0.037 1 .8 
KC 5 15-30 191. 21 43 . 24 52.82 82.61 0 . 448 0 . 258 0.436 0.366 42.01 10.75 <0.030 0.9 
KC 5 15-30 249. 10 36 . 27 57 .81 199.22 0 . 531 0 . 170 0 .265 0.249 69 . 38 4.03 0.059 0.9 
KC 5 15-30 417 . 30 73.73 84 . 77 242.30 0.936 0 . 234 0.348 0 . 281 122.07 4.25 0 .035 1 . 0 
KC 5 15-30 312.70 70.95 82.86 189.34 0 . 794 0 .165 0.292 0.266 94 . 10 6.72 <0.030 1 . 1 
KC 5 15-30 280.90 66.68 87.23 178 .27 0.731 0 . 112 0. 148 0.132 150.50 3 .83 0 .041 1. 2 
KC 5 30- 45 56 . 10 15.21 15.90 7.45 0. 164 0. 154 0.241 0. 160 8.38 15.22 <0.030 0.5 
KC 5 45-60 48.70 12 . 18 12.80 7 .32 0. 142 0 . 112 0. 181 0.130 3.51 15 . 89 <0.030 0.4 
KC 5 60-75 27.64 6 . 38 9 . 34 7 . 74 0 . 091 0.201 0. 111 0.164 3. 32 27 .95 <0.030 0 . 4 

SAR= Sodium Adsorption Ratio ; Elements (Cr, V, Cd, Pb, LI , Mo, Ni , Se and Co) be low the detection I imit o re exc l uded 
from this table. 



Continued . Soturoted Paste Extract Data for the Soi Is and Soi I/Waste Mixtures in the Esso Field Plots in 1990 . 

Waste Rote Plot Field Depth Sat'n E.C. pH Cl Alk Al Fe Ti Cu Zn Mn 
Sample (cm) (%) (dS/m) (mg/l) 

KCI 5 25 TME113 75-90 28 . 0 0.20 6. 15 45.92 27.70 1 . 993 6. 192 1 . 333 0.040 0 . 159 0.822 
KCI 5 25 TME113o 90-105 32 .0 0. 14 6.20 29. 49 31 . 60 1. 922 10.629 1. 614 0 . 050 0 . 117 0 . 319 
KCI 5 25 TME113b 105-120 31.5 0. 11 6.50 19.23 14 . 20 2.809 7.934 1 .092 0.052 0. 163 0.063 
KCI 5 25 ,TME113c 120-140 32.3 0 .08 6 .80 12.00 11. 40 2 . 382 6.632 0.714 0 . 043 . 0 . 082 0.025 
KCI 5 26 TME114 0-15 38.0 0 . 78 7.30 25.66 208.00 0.458 0 . 256 0.027 0 . 019 0 .056 0.014 
KCI 5 26 TME115 15-30 37 . 0 0.70 7.30 35.54 224 . 00 0.519 0.091 0 . 019 0.018 0 .023 0.035 
KCI 5 37 TME173 0-15 35 . 0 0 . 56 7.20 35.38 229 . 00 0 . 823 0.083 0.048 0 . 053 0.131 0.070 

NaCl 6 22 TME84 0-15 41 .0 0.32 6 .80 19.60 148 .00 0.416 0.245 0 . 058 0 . 023 0 . 149 0.009 
NoCI 6 22 TME85 15-30 33.5 0 . 45 7.50 17.00 253.00 0.344 0.026 <0.010 0.022 0.055 0.026 
NaCl 6 22 TME86 30-45 32.0 0.26 7.70 11. 40 123 . 00 0 . 201 0.019 <0.010 0 . 010 0.024 <0.006 
NaCl 6 22 TME87 45-60 37.0 0.25 7.80 10.00 126.00 <0.200 <0.010 <0.010 0.011 <0.020 <0.006 
NaCl 6 22 TME87o 60-75 31 . 0 0.24 7.80 8.65 121 . 00 0.203 0.012 <0.010 <0.010 0.031 <0.006 
NaCl 6 22 TME87b 75-90 31 . 0 0 . 24 7.75 7.67 128.00 <0.200 <0.010 <0.010 <0 . 010 0 .029 <0.006 
NaCl 6 22 TME87c 90-105 31. 0 0.24 7.70 6.78 124.00 <0.200 0.012 <0.010 <0.010 0.038 <0.006 
NaCl 6 22 TME87d 105-120 31. 0 0.23 7.70 6.65 117 .00 <0.200 <0.010 <0.010 <0.010 <0.020 <0.006 
NaCl 6 22 TME87e 120-130 31.3 0.22 7.70 6. 14 105.50 <0.200 0.021 <0.010 0 . 010 0.034 <0.006 
NaCl 6 32 TME150 0-15 37 . 0 0 . 41 7.30 16.74 224.00 0.362 0.060 <0.010 0 .015 0 .049 0.017 
NaCl 6 41 TME189 0-15 36 . 0 0 . 52 7 . 30 43.81 224.00 0.491 0 . 041 0.017 0 .029 0.064 0.038 

Noe 7 18 TME64 0-15 39.5 0.44 7.30 19.40 231 .00 0.430 0.055 0.016 0 .019 0.097 0 . 024 
NoC 7 27 TME116 0-15 41.0 0 . 79 7.00 89.62 269.00 0.707 0.155 0 . 031 0 .019 0 . 099 0.220 
NaC 7 27 TME117 0-15 45.0 0.59 7. 10 77.63 210.00 0.557 0.077 0 . 026 0.026 0 . 114 0 . 107 
NaC 7 27 TME118 0-15 39.5 0.80 7. 10 159.00 199.00 0 . 466 0 . 130 0 .019 0 .018 0. 114 0.091 co 
NaC 7 27 TME119 0-15 39.0 0.37 6.80 23.42 182.00 0 .535 0.348 0 .046 0 . 020 0.124 0. 134 (Jl 

NaC 7 27 TME120 0-15 43.0 0 . 43 6.60 34.79 187.00 0.665 0 . 288 0.042 0 .022 0 . 160 0.247 
NaC 7 27 TME121 15-30 40.0 0 . 99 7.00 209 . 70 21 2 .00 0.628 0 . 148 0 .021 0 .019 0.097 0.626 
NoC 7 34 TME152 0-15 36.5 0 . 61 7.00 55 . 72 246.00 0.397 0 . 241 0.026 0.022 0. 159 0.048 
NoC 7 34 TME153 0-15 36 . 5 0.39 7 . 40 11. 60 206.00 0 .254 0 . 080 <0 .010 0.012 0.049 0 . 010 
NoC 7 34 TME154 0-15 39.5 0 . 49 7 . 30 18 . 00 234.00 0 .343 0 .075 <0.010 0.023 0.051 0.008 
NaC 7 34 TME155 0-15 36.5 0.54 6 . 95 70.31 198 .00 0.459 0 .097 0 .011 0.014 0. 119 0 . 100 
NaC 7 34 TME156 0-15 36.0 0.48 6.90 29 . 69 219 .00 0 . 409 0. 123 0.012 0 . 014 0.118 0.066 
NaC 7 34 TME157 15-30 35.0 0.95 7.20 171 . 80 213.00 0 .519 0 . 061 <0.010 0 . 030 0.089 0 . 059 

NaCl 8 20 TME78 0-15 42.5 0.51 7.20 19.90 281 .00 0 . 400 0.068 0 . 018 0.022 0 . 111 0.078 
NaCl 8 35 TME158 0-15 40.5 0.42 6.60 37.49 180 .00 0.533 0.285 0.043 <0.010 0 .200 0 . 174 
NaCl 8 35 TME159 0-15 42.0 0.55 6 . 90 29 . 05 232 .00 0.523 0 .094 0 . 022 0 . 014 0 . 176 0 . 131 
NaCl 8 35 TME160 0-15 39.0 0 . 40 6 .80 27 . 69 176 .00 0 . 494 0. 121 0.027 0 . 020 0 . 191 0 . 147 
NaCl 8 35 TME161 0-15 37.5 0 . 53 6.95 45.47 235.00 0.492 0.165 0.026 0 . 020 0 . 124 0.078 
NaCl 8 35 TME162 0-15 42 .5 0 .51 7 :00 26 . 27 229 . 00 0.564 0.097 0.019 <0 . 010 0. 112 0 . 090 
NaCl 8 35 TME163 15-30 33 .0 0 . 45 7.40 31. 18 217.00 0.310 0.025 <0.010 0 . 029 0.065 0.011 
NaCl 8 35 TME164 30-45 32.5 0 . 40 7.55 47.41 150.00 0.250 <0.010 <0.010 0 .013 0.062 0 . 009 
NaCl 8 35 TME165 45-60 34 . 5 0.67 7 . 60 145.80 127.00 0 . 335 0.017 <0.010 <0 . 010 0.040 0 . 007 
NaCl 8 35 TME165a 60-75 34.5 0 . 89 7.50 237.40 111 . 00 0.515 0 . 013 0 . 011 <0 . 010 0.052 0.013 
NaCl 8 35 TME166 75-90 34.0 0.84 7 . 40 223.50 115 . 00 0 . 497 <0.010 0.011 <0.010 0 . 031 <0.006 
NaCl 8 35 TME166a 90-105 33.0 0.54 7.40 107.40 124 . 00 0 . 323 <0.010 <0.010 <0.010 <0.020 <0.006 
NaCl 8 44 TME196 0-15 32.5 0.50 6 . 80 39 .54 222 . 00 0 . 642 0 .091 0.024 0.023 0 . 147 0.036 
NaCl 8 44 TME197 0-15 38.0 0.58 7 . 20 60 . 60 247 . 00 0.388 0.102 0.010 0 . 022 0 . 105 0 .065 
NaCl 8 44 TME198 0-15 35 . 0 0.64 7.30 83.60 252 .00 0 . 433 0.105 0.019 0.017 0.058 0 .054 
NaCl 8 44 TME199 0-15 35 . 5 0 .83 7.40 101 . 50 263.00 0.308 0.077 <0.010 0.017 0 . 110 0.008 

Sat'n = Percent Soturation; E.C . = Electrical Conductivity; Alk . = Aiko I inity (mg CoCO3/L); Elements (Cr, V, Cd, Pb , Li, Mo , 
Ni, Se and Co) below the the detection I imit ore excluded from this table. 



Continued . Saturated Paste Extract Data for the Soi Is and Soi I/ Waste Mi xtures in the Esso Field Plots in 1990 . 

Waste Rate Depth Ca Mg No K Sr 8 Bo p s S i As SAR 
(cm) (mg/L) 

KCI 5 75-90 25 . 10 5 .33 10 . 74 7 . 32 0 .087 0.110 0.084 0.238 4.29 23.82 <0 . 030 0 . 5 
KCI 5 90-105 16 . 80 4. 19 8.70 7 . 40 0 .069 0 . 118 0.078 0 . 298 3 . 71 29.03 <0.030 0 . 5 
KCI 5 105-120 11 . 52 2 .94 8.47 6 . 36 0 .0 47 0 . 104 0 . 062 0 . 252 2 .95 24 . 24 <0.030 0.6 
KCI 5 120-140 8 . 13 2.78 6 . 74 5 . 59 0 .034 0 .072 0 . 055 0.213 3.03 22.27 <0 . 030 0.5 
KC I 5 0-15 65 . 52 9 . 24 25 .71 187 . 70 0.200 0.247 0. 103 0.284 56.91 7. 11 0.051 0.8 
KCI 5 15-30 87.97 15.74 35.43 95.66 0. 191 0. 132 0 . 118 0.294 37 .07 5.85 0.055 0 . 9 
KC I 5 0-15 75 . 20 18.85 25.97 3 1 .39 0 . 204 0 . 107 0 . 152 0.354 21 . 76 5.45 0 . 137 0.6 

NaCl 6 0- 15 56. 18 13.37 12.95 10.65 0 . 104 0.368 0 . 103 0 . 264 4 . 37 6.38 0.088 0.4 
NaCl 6 15- 30 68 . 93 25 . 05 16.79 10. 02 0 . 154 0.445 0 . 115 0.170 4.95 8 . 54 0. 112 0.4 
NaCl 6 30-45 28 . 29 15.45 13 . 75 5.42 0. 111 0 . 383 0 .059 <0 . 100 3 . 64 7 . 65 0.075 0.5 
NaCl 6 45-60 27 . 70 14 . 39 9 . 93 5 . 43 0 .084 0 . 288 0 .069 <0 . 100 3 . 23 7 . 14 0.071 0 . 4 
NaCl 6 60-75 28.55 13.60 10.96 5.30 0 .080 0 . 320 0.076 <0.100 3.76 7 . 14 0.069 0.4 
NaCl 6 75-90 27.36 12.96 12. 15 5.51 0.080 0.394 0 . 065 <0 .100 4.07 7 .04 0.065 0 . 5 
NaCl 6 90-105 28. 14 12.37 12.06 5.82 0.080 0.663 0.061 <0 . 100 4.75 7 .07 0 .064 0.5 
NaCl 6 105-120 26 . 93 12 . 99 10.97 6 .34 0.081 0 . 418 0 . 071 <0.100 5.30 6.79 0.063 0.4 
NaCl 6 120-130 26 . 13 12.28 13.07 6.26 0 .081 0.481 0.054 <0.100 6.78 6.84 0.064 0.5 
NaCl 6 0-15 84 . 64 17.55 12.20 6.33 0. 113 <0 . 040 0.086 0.237 5 . 45 6.21 0.057 0 . 3 
NaCl 6 0-15 87.28 19.98 18 . 53 6.92 0.133 <0.040 0 . 104 0.160 8.96 5 . 16 0 . 124 0.5 

Noe 7 0-15 75 . 02 14. 22 25.84 7 .19 0.122 0.045 0.086 0 . 287 6 . 26 6 . 90 0 . 117 0.7 
NoC 7 0-15 108 . 57 22.52 82 . 23 13.27 0.219 0.073 0 . 106 0. 290 13 . 57 7. 86 0 .056 1 . 9 
NoC 7 0- 15 89 . 95 19 . 31 44.87 8 .57 0.165 0 . 069 0 . 114 0.184 6 .97 5 . 44 0.065 1 . 1 
NoC 7 0-15 80 . 96 19 . 04 109 . 48 7 . 75 0 . 149 0 . 041 0 . 119 0.216 13.39 5.48 0 . 041 2.8 00 
NoC 7 0-15 61 . 18 14.35 27.78 9.64 0. 118 0 . 060 0. 105 0 . 227 5 . 69 6 . 98 <0.030 0.8 O'I 

NoC 7 0- 15 70 . 23 15.79 28 . 51 12. 69 0 . 126 0.060 0 . 119 0 .423 6 .82 8 . 20 0.065 0.8 
Noe 7 15-30 125 . 61 29.76 89 . 48 14 . 93 0 . 229 0 . 075 0. 151 0 . 280 16 . 94 5 . 39 0 . 088 1 . 9 
NoC 7 0-15 69.95 11 . 63 82.44 37.30 0.140 0 . 055 0.099 0 . 703 18 .91 7.67 0.060 2.4 
Noe 7 0-15 62.80 10.05 30.70 29.77 0.127 0.047 0 . 076 0 . 177 14.43 5.89 <0.030 0.9 
Noe 7 0-15 79.67 16 . 01 39.57 24.84 0.153 0 . 076 0 . 094 0 . 223 15. 72 9.37 0.032 1 . 1 
NoC 7 0-15 91 . 94 18.55 35.33 19.38 0. 164 0.061 0 . 110 0 . 374 11 .82 5 . 99 0.038 0.9 
NoC 7 0-15 78.48 13 . 74 22 . 32 45.33 0.153 0 . 072 0. 119 0.412 12.45 6 . 54 0.087 0.6 
NoC 7 15- 30 113. 86 25.39 116.22 11 . 26 0 . 182 <0.040 0. 113 0. 231 35.30 4.66 0.091 2 . 6 

NaCl 8 0-15 71 . 30 14.50 59.47 7 . 71 0.134 0.061 0.074 0.468 6.74 7.35 0. 116 1 . 7 
NaCl 8 0-15 72 . 18 15 . 76 29 .06 22. 16 0.137 0.057 0 . 123 0 . 691 11 . 41 8 . 42 0.094 0.8 
NaCl 8 0-15 99.39 18 .05 37.06 26 . 13 0. 191 0.042 0. 128 0 . 711 11 . 28 8.39 0 . 116 0 . 9 
NaCl 8 0- 15 72.97 14 . 81 9 .73 30 . 64 0 . 142 0 ,045 0 . 115 0.632 7 . 44 6.92 0.081 0 . 3 
NaCl 8 0-15 76.92 15 .90 66.13 7.78 0 .125 0 . 052 0.083 0.484 8.62 6.36 0 . 050 1. 8 
NaCl 8 0-15 104 . 95 21.34 9 .48 26.01 0 . 184 <0 . 040 0 . 152 0.439 9. 77 6.52 0 . 067 0.2 
NaCl 8 15-30 51 . 65 20.17 58.46 3.42 0 . 100 <0.040 0 . 056 <0 . 100 9 . 18 11.38 0.034 1. 7 
NaCl 8 30-45 43.22 22 . 40 35. 11 2.91 0.088 <0.040 0.051 <0 .100 11. 36 11. 54 <0.030 1 . 1 
NaCl 8 45- 60 81. 03 43 .07 22 .80 4.47 0 .169 <0 . 040 0 . 095 <0. 100 17 . 05 11 . 15 0 . 039 0.5 
NaCl 8 60-75 105.25 55 .37 22.52 5 . 88 0.223 <0.040 0 .130 <0 .100 13 . 50 9 . 87 0 .032 0.4 
NaCl 8 75-90 97.24 50.28 22.95 6.35 0.212 <0.040 0. 115 <0 . 100 8 . 15 9 . 56 0.032 0.5 
NaC l 8 90-105 62.38 32 . 37 19 .85 5 . 16 0. 146 <0 . 040 0 . 072 <0. 100 9 . 64 8.93 0.032 0.5 
NaCl 8 0-15 64.72 12 . 28 57. 16 5.66 0.098 0 . 049 0 . 075 0.349 10 . 39 5 . 83 0. 122 1. 7 
NaCl 8 0-15 82.78 15. 77 58.51 7.29 0 . 131 <0.040 0. 118 0.250 8.56 5.21 0. 137 1 . 5 
NaCl 8 0-15 80.70 15.36 75.03 4 . 67 0 . 127 <0.040 0.086 0.201 9 . 84 3.04 0 . 159 2.0 
NaCl 8 0-15 72.52 12. 16 145.93 4 . 57 0. 108 0.049 0.088 0 . 266 34 .78 7.09 0. 129 4 . 2 

SAR= Sodium Adsorption Rotio; Elements (Cr, V, Cd , Pb, Li, Mo, Ni , Se and Co) below the detection I imit ore excluded 
from this table . 



Cont i nued . Saturated Paste Ext ract Data for the Soi Is and Soi I/Was t e Mi xtures i n the Es so Fi e ld Plots in 1990 . 

Waste Rote P lot Field Depth Sot'n E.C . pH Cl Al k Al Fe Ti Cu Zn Mn 
Somp le (cm) (%) (dS/m) (mg/ L) 

NoCI 8 44 TME200 0-15 36 . 0 0 .71 7.28 109 .40 265 . 00 0 . 383 0 . 114 0 . 0 13 0.020 0.051 0 . 027 
NoC I 8 44 nAE201 15- 30 31 . 5 0 . 46 7 . 40 49.42 187 . 00 0 . 251 0.031 <0 . 010 0 .022 0 . 064 0 . 008 
NaCl 8 44 TME202 15- 30 32 . 0 0 . 8B 7 . 30 147.50 309 . 00 0 . 506 0 . 174 0 .015 0.022 0. 11 5 0. 167 
NoC I 8 44 TME203 15-30 32 . 5 0.95 7 . 30 183 . 60 284 . 00 0.471 0.089 0.013 0.019 0 . 088 0.099 
NaC l 8 44 TME204 15-30 31. 5 0.B1 7 . 40 116. 70 234 . 00 0 . 327 0.044 <0.010 0.021 0 . 127 0 . 020 
NaC l 8 44 TME205 15-30 34 .0 0 .84 7 . 35 177. 10 223 .00 0 . 303 0 .040 <0 . 010 0 .020 0 . 075 0.031 
NaC l 8 44 TME206 30-45 34.5 0.46 7 . 35 76.60 134 . 00 0 . 262 <0 .010 <0 .010 <0.010 <0 . 020 <0 .006 
NaCl 8 44 TME207 45-60 33.0 0 . 44 7 . 10 81 . 90 128.00 0.267 <0 . 010 <0 . 010 <0 . 010 0.058 <0.006 
NoC I 8 44 TME207o 60-75 36.5 0.37 7 . 30 55.80 126.00 0 . 225 <0.010 <0 . 0 10 <0 .0 10 0.044 <0 . 006 
Noe l 8 44 TME207b 75- 90 32 .0 0.36 7.45 49 .89 133.00 0 . 220 0 . 014 <0 . 0 10 <0 .010 0.043 <0 . 006 
NaC l 8 44 TME207c 90-105 33 . 0 0.29 7.60 34 .91 116 . 00 <0 .200 <0.010 <0 .010 <0 .0 10 0.028 <0.006 
Noel 8 44 TME207d 105- 120 33 . 5 0.25 7 . 60 20 . 10 164 . 00 0 . 219 0.01 4 <0 . 010 <0.010 0.029 <0.006 
NaCl 8 44 TME207e 120- 135 31 . 5 0 . 24 7.60 13.80 165 . 00 <0 . 200 <0 .0 10 <0 .010 0 .0 10 0.028 <0 . 006 
NaCl 8 44 TME207f 135-150 35 . 5 0.24 7.65 7 .60 142.00 0.204 0 . 0 18 <0 . 010 <0 .010 0.024 <0 . 006 

NoC 9 19 TME65 0-15 52 . 0 0 . 63 6 . 90 57.70 248.00 0.596 0. 132 0 . 031 0 .018 0 . 166 0.099 
NoC 9 19 TME66 0-15 44 . 5 0 . 53 7.20 29 .40 252 . 00 0 . 734 0.085 0 . 050 0 .042 0 . 079 0 .053 
NoC 9 19 TME67 0-15 46.5 0.58 7 . 30 39 .80 283 . 00 0 . 395 0 .097 0 . 013 0 . 012 0 . 108 0.030 
NoC 9 19 TME68 0- 15 51. 5 0.75 6.95 55 .00 329 . 00 0.980 2 .354 0 . 285 0.023 0 . 312 0 . 132 
Noe 9 19 TME69 0-1 5 41 . 3 1 . 82 7 . 35 329 .50 320 . 00 0 . 466 0.624 0 . 041 0 . 021 0 . 182 0 .082 
NoC 9 19 TME70 15- 30 44 . 5 0 . 88 7 . 10 142 .00 256 . 00 0.587 0.129 0.031 0.027 0 . 114 0 . 408 
NoC 9 19 TME71 15- 30 39.5 0.59 7 .50 36 .80 300. 00 0.331 0.046 0.013 0.026 0 . 074 0 .017 
NoC 9 19 TME72 15- 30 46 . 0 0 .80 7 . 15 11 2 .00 288 .00 0 . 477 0 . 125 0 . 022 0 . 017 0 . 147 0 . 233 
NoC 9 19 TME73 15- 30 41.5 0.83 7.40 76 . 20 378 . 00 0 . 336 0 . 176 0.023 0.018 0 . 094 0 . 131 0:, 
Noe 9 19 TME74 15- 30 36.0 1 . 46 7 . 20 3 10 .00 257 . 00 0 . 534 0 .072 0 . 013 0 . 025 0 . 100 0.048 -...J 

Noe 9 19 TME75 30-45 39 . 5 0.38 7.40 56 .50 116 . 00 0.300 <0.010 0.011 0 . 01 6 0 . 034 <0 .006 
Noe 9 19 TME76 45- 60 34.5 0 .32 7 . 50 43.40 103 .00 0 . 242 <0.010 <0 . 010 0.014 0 . 040 0.006 
Noe 9 19 TME76o 60-75 33 . 0 0 .31 7 . 60 40 . 10 104 .00 0.256 0.018 <0.010 0.014 0 . 03 1 <0.006 
Noe 9 19 TME77 75-90 30.5 0.37 7.50 59 .00 94 . 50 0 . 252 0.028 <0.010 <0 . 010 0 .041 <0 .006 
Noe 9 19 TME77o 90-1 10 33 . 0 0 . 39 7.60 68 . 40 91 . 50 0 . 298 0 .016 <0 . 010 0.011 0.042 <0.006 
NoC 9 31 TME138 0-15 35 . 5 0 .92 7 . 40 130.20 305 . 00 0 . 362 0 . 174 0 . 022 0.045 0 . 131 0 .049 
NoC 9 3 1 TME1 39 0-15 41 . 0 1.23 7 . 10 272 .50 255 . 00 0.498 0. 132 0 . 017 0 . 022 0 . 081 0 . 171 
Noe 9 3 1 TME140 0-15 39 . 0 0.67 7 . 30 61 .80 287.00 0.345 0 . 189 0 . 026 0 . 033 0 . 134 0 .081 
NoC 9 3 1 TME1 41 0-15 36 . 5 0 .53 6.90 40 .83 237 . 00 0 . 473 0 . 204 0 . 043 0.018 0. 123 0 .077 
NoC 9 3 1 TME142 0-15 37 . 0 0 . 46 7. 10 24 . 45 253 . 00 0.345 0.089 0 . 012 0.014 0 . 149 0.178 
NoC 9 31 TME143 15-30 37 . 0 0 .92 6 . 60 239 . 20 84 . 30 0 . 261 0.042 <0.010 <0.010 0 . 104 0 . 112 
Noe 9 31 TME144 15-30 43.0 0.93 7. 15 181 . 90 269 . 00 0 . 385 0 . 103 0.012 0 . 023 0 .094 0 . 127 
NoC 9 31 TME145 15-30 36.0 0.65 7. 20 94.26 226 . 00 0.206 0. 113 0. 01 4 0 . 032 0 .08 1 0 . 092 
NoC 9 31 TME146 15-30 30 . 5 0 . 41 7.20 53 . 98 162.00 <0 . 200 0 . 366 0 . 026 0 . 027 0 .043 0.020 
NoC 9 31 TME147 15- 30 33 . 0 0.57 7.50 49.39 286 . 00 0 . 339 0.068 <0.010 0.02 1 0 . 121 0.068 
Noe 9 31 TME148 30-45 38 .5 0 . 99 6 . 40 323 . 30 0 . 00 0.425 <0.010 <0 . 0 10 <0 . 010 0 . 118 0 . 172 
Noe 9 31 TME149 45- 60 38 . 5 0 . 71 6.30 220 . 00 27 .10 0.264 <0.010 <0 . 0 10 <0 . 0 10 0 . 120 0 . 110 
NaCl 9 31 TME1 49o 60-75 39 . 5 0.41 6. 40 124 . 50 16 . 80 <0 . 200 <0 . 010 <0.010 <0.010 0. 175 0.034 
NaC l 9 36 TME167 0-1 5 39.5 0. 48 7 . 25 25 . 35 230 . 00 0 .559 0.064 0 . 035 0 . 036 0. 0 64 0.031 
NaC l 9 36 TME168 0- 15 37.0 0 . 43 7 . 30 18.33 222 . 00 0 . 539 0.030 0.022 0 . 032 <0.020 <0.006 
NaCl 9 36 TME169 0-15 35 . 0 0 . 72 7.40 61 . 36 300.00 0. 478 0 . 141 0. 029 0 . 0 38 0.056 0.017 
NaC l 9 36 TME1 70 0-15 39.5 0.68 7.00 62.97 257 . 00 0 . 697 0 . 200 0.062 0 . 039 0 .083 0 . 060 
NaCl 9 36 TME171 0-15 36.0 0.42 7 . 25 21. 75 213 . 00 0 .596 0 . 054 0.031 0 . 035 0 . 097 0 . 030 
NaCl 9 36 TME172 15- 30 37.0 0.46 7.50 19 . 57 235.00 0 . 503 0.030 0.035 0.051 0.058 0 . 017 

NaCl 10 23 TME88 0-15 38 .5 1 . 79 7 . 10 435 . 00 250.00 0.489 0 . 552 0.039 0.01 4 0.095 0 . 068 

Sot'n = Pe rcent Satura t ion; E.G. = Elec trical Conduc ti v it y ; Al k . = Aiko I init y (mg CoCO3/ L) ; Eleme nts (C r , V, Cd, Pb , Li , Mo , 
Ni , Se and Co) below t he detection I imit ore e xc luded from this tab le . 



Continued. Soturoted Paste Extract Doto for the Soi Is ond Soi 1/Woste Mixtures in the Esso Field Plots in 1990 . 

Waste Rate Depth Co Mg No K Sr 8 Bo p s Si As SAR 
(cm) (mg/l) 

NoC 8 0-15 74.53 12 .26 103.48 7.21 0. 121 0 . 045 0 . 095 0.281 11 . 41 5.44 0. 141 2.9 
NaC 8 15-30 55.49 11 . 32 56. 14 4. 18 0.080 <0.040 0 . 063 0. 129 9 .38 3.58 0. 114 1. 8 
NoC 8 15-30 107.86 28.08 97. 13 4 . 55 0 . 229 0.043 0. 110 0.330 9.36 4. 13 0. 141 2.2 
Noe 8 15-30 105.83 24.09 110. 89 6.73 0. 176 0 . 042 0. 135 0 . 298 11 . 38 4. 16 0. 135 2.5 
NoC 8 15-30 81 .57 17. 14 110. 60 7 . 51 0. 131 0.045 0. 115 0.189 20.55 4.44 0.125 2.9 
NoC 8 15-30 82.86 16.70 118. 09 7.34 0. 127 <0.040 0.104 0. 178 11 . 71 5.79 0. 120 3. 1 
Noe 8 30-45 68.02 16.24 20.04 2.81 0.081 <0.040 0.065 <0. 100 8.36 5.02 0 . 084 0.6 
NoC 8 45-60 65 .36 17. 19 15.63 2 . 36 0.070 <0.040 0.072 <0 . 100 7.59 6.26 0.079 0.4 
NaC 8 60-75 56.31 15.09 11.24 2.23 0.060 <0 . 040 0.066 <0. 100 5.53 6.27 0.083 0.3 
Noe 8 75-90 55.26 15.44 13.29 2.75 0 .064 <0.040 0.055 <0. 100 6. 16 6.63 0 . 062 0.4 
NoC 8 90-105 43.09 12.78 11.09 3. 13 0.051 <0.040 0.060 <0. 100 4.39 6.44 0.071 0 . 4 
NaC 8 105-120 36.81 11 . 19 10.63 3.05 0 .045 <0 . 040 0 .058 <0. 100 3.85 6.34 0.084 0 . 4 
NoC 8 120-135 36.27 11 . 34 10.20 3.00 0.045 <0.040 0 . 050 <0. 100 4.21 6.20 0 . 080 0.4 
NaC 8 135-150 36. 19 11 . 31 10.22 3 . 27 0.047 <0.040 0.054 <0. 100 5. 11 6.32 0.081 0.4 

NaCl 9 0-15 75. 17 14.69 66 . 06 19.77 0. 152 0.135 0. 117 0.465 8. 15 7. 17 0 . 143 1.8 
NaCl 9 0-15 89.40 16.21 28.64 10.66 0 . 167 0.081 0.122 0.272 8 . 53 6.74 0 . 153 0.7 
NaCl 9 0-15 72.85 13.36 76 . 17 8 . 12 0. 157 0.066 0 . 060 0.362 7.36 8.06 0. 119 2.2 
NaCl 9 0-15 56.30 9. 16 159.91 5.96 0. 118 0 . 105 0 . 085 1 .895 10.70 9 .. 39 0.135 5 . 2 
NaCl 9 0-15 69.60 11. 47 414.80 7 . 16 0. 135 0. 144 0.070 1 .065 53.56 7.90 0. 131 12 . 1 
NaCl 9 15-30 103.29 23.98 82.05 16.67 0 .190 0 . 126 0 . 171 0.309 6.95 6.97 0. 115 1 .9 
NaCl 9 15-30 60.75 15.08 89.02 4 . 43 0. 119 0 . 042 0.058 0 . 133 9.42 4.41 0.148 2 . 6 
NaCl 9 15-30 86.52 20.33 105 . 12 6.22 0. 150 0 . 100 0 . 113 0 . 329 6.85 6.48 0.108 2.6 
NaCl 9 15-30 64. 15 14.02 167.81 8.27 0. 123 0.090 0.090 0 . 478 10.35 6.42 0.137 4.9 00 
NaCl 9 15-30 107.77 23.78 224 . 20 12.94 0. 190 0.105 0.135 0.292 25.70 4.96 0 . 091 5. 1 00 

NaCl 9 30-45 50.07 14.53 16 . 43 5.43 0.067 0.041 0.062 <0. 100 4.26 6.07 0.073 0.5 
NaCl 9 45-60 38.97 11. 34 17 . 95 4.84 0 .044 <0.040 0 . 057 <0. 100 4.81 6.36 0 . 063 0 . 7 
NaCl 9 60-75 35.20 10.05 20.28 4.97 0.042 <0.040 0.053 <0 . 100 5.35 6. 19 0 . 060 0 .8 
NaCl 9 75-90 45.53 12.96 18.02 5.64 0.049 <0.040 0.048 <0. 100 7.90 6.31 0.046 0.6 
NaCl 9 90-110 50.04 14.37 13.87 5.89 0.053 <0.040 0.062 <0. 100 8 . 33 6.30 0 . 046 0.4 
NaCl 9 0-15 64.42 10.98 201. 70 8.47 0. 120 0.051 0.084 0.522 21 .67 5 . 67 0 . 071 6. 1 
NaCl 9 0-15 97.75 20 . 51 211. 40 10 . 88 0 . 162 <0.040 0.109 0.455 10. 10 5.83 0.066 5. 1 
NaCl 9 0-15 64.88 13 . 77 131 . 67 7.59 0. 110 0.042 0.080 0.549 12.23 6 . 04 0 . 066 3.9 
Noe 9 0-15 59 . 70 12.01 74 . 75 7. 14 0 .097 0.043 0 . 080 0.364 6.06 4.84 0.098 2.3 
NoC 9 0-15 79 .46 17.64 32.64 8.90 0. 127 <0.040 0. 110 0.286 5.23 5.07 0 . 101 0.9 
NoC 9 15-30 52.30 16 . 60 144 .30 17.47 0.124 <0.040 0.082 <0. 100 22.96 5.95 <0.030 4.5 
NoC 9 15-30 82.74 18 . 36 151. 67 12.93 0. 140 0.043 0. 100 0.357 7.37 5.24 0.079 3.9 
Noe 9 15-30 48 . 48 13 . 08 121. 35 9.25 0.082 <0.040 0 . 058 0.236 10.77 5 . 25 0 .073 4.0 
NaC 9 15-30 29 .59 6.96 78.49 8 . 42 0.062 <0.040 0.046 0.144 7. 17 3.47 0.038 3.4 
Noe 9 15-30 87.32 17.67 58 .88 12.44 0 .139 0.040 0 . 115 0.335 5.41 3 . 84 0.050 1.5 
Noe 9 30-45 96.72 35 . 56 46.98 29.03 0.232 <0.040 0.297 <0.100 3.82 13 . 58 <0.030 1 .0 
NoC 9 45-60 73.09 28.33 22. 17 23.06 0. 197 <0.040 0.216 <0. 100 3 . 73 14 . 72 <0 . 030 0.6 
NoC 9 60-75 40.89 15 . 79 13.84 15 . 79 0.087 <0 . 040 0 . 193 <0 . 100 2.27 15.67 <0.030 0.5 
NaC 9 0-15 78.57 13.81 55 . 62 7 . 62 0. 132 0.074 0 . 088 0 . 300 10 . 19 5 . 62 0 . 110 1 .5 
NoC 9 0-15 90.08 17.03 18.06 6.83 0. 155 0.064 0.097 0.200 7.98 5 . 65 0.063 0.5 
Noe 9 0-15 66.86 11. 75 159.51 5.42 0.108 0.082 0.070 0.423 15.64 6 . 14 0 .069 4.7 
NaC 9 0-15 76.93 13 . 95 114. 79 5.80 0. 142 0.081 0.077 0.683 13.95 6.87 0 .125 3 . 2 
NoC 9 0-15 88.56 15.01 20.71 8.54 0. 139 0.065 0. 106 0.280 7.20 5.91 0.058 0.5 
NoC 9 15-30 46 .01 10. 12 90. 13 9 . 19 0.085 0.073 0.078 0.224 8 . 24 3.34 0.148 3. 1 

NaCl 10 0-15 73 .56 13 .47 375.90 8.40 0 . 149 0.466 0. 141 0.697 24.60 5.68 0.109 10.6 

SAR= Sodium Adsorption Ratio; Elements (Cr, V, Cd, Pb, Li, Mo, Ni, Se and Co) below the detection I imit ore excluded 
from this table. 



Continued. Saturated Paste Extract Doto for the Soi Is and Soi I/Waste Mixtures in the Esso Field Plots in 1990. 

Waste Rote Plot Field Depth Sot'n E.C . pH Cl Alk Al Fe Ti Cu Zn Mn 
Sample (cm) (%) (dS/m) (mg/L) 

NoC 10 23 TME89 0-15 42 . 5 1.13 7. 10 184.80 395.00 5.277 11. 242 1. 092 0.066 0. 199 0 . 159 
NoC 10 23 TME90 0-15 36.0 1 . 06 7 .50 132.70 365.00 0.691 2 . 693 0 . 163 0.030 0 . 124 0.064 
NoC 10 23 TME91 0-15 39.0 1 . 96 7 . 20 485.00 305.00 0.742 0 . 689 0.050 0.017 0.261 0.091 
NoC 10 23 TME92 0-15 40.0 1 . 63 7. 10 352.40 379.00 1 .032 5.307 0.485 0.041 0.246 0.137 
NoC 10 23 TME93 15-30 36.5 2.54 7 . 10 827 . 90 169.00 1.033 0 . 022 0.032 0.015 0.084 0.093 
NoC 10 23 TME94 15-30 34.5 1. 85 7.25 479.80 256.00 0.632 0.155 0.029 0.018 0. 137 0.143 
Noe 10 23 TME95 15-30 32.0 1. 49 7.40 315.90 335 . 00 0.572 0.147 0.025 0.034 0.137 0.100 
NoC 10 23 TME96 15-30 39.5 1.18 7.40 284.60 240.00 0.472 0.046 0 . 016 0.035 0.232 0.031 
NoC 10 23 TME97 15-30 43.5 2.36 6.90 694.80 320.00 0.985 0.139 0 .043 0 .026 0. 182 0. 192 
Noe 10 23 TME98 30-45 33 . 0 1. 09 7.30 331 . 10 88.50 0.560 <0.010 0 .017 <0.010 0.046 0.018 
NoC 10 23 TME99 45-60 31. 5 0.41 7.60 74.50 130.00 0.282 <0 . 010 <0.010 <0.010 0.026 <0.006 
NoC 10 23 TME99o 60-75 36.5 0.26 7.60 18.92 142.00 0.282 0.021 0.012 0. 011 0.023 <0.006 
NoC 10 23 TME99b 75-90 32.5 0.26 7.70 12.26 153.00 0.237 <0.010 <0.010 0 . 011 <0.020 <0.006 
Noe 10 23 TME99c 90-105 33.0 0.25 7.70 7. 15 150.00 <0.200 <0.010 <0.010 <0.010 <0.020 <0.006 
NaCl 10 23 TME99d 105-120 31.0 0.26 7.70 9.58 149.00 0.204 <0.010 <0.010 <0.010 <0.020 <0.006 
Noe 10 23 TME99e 120-140 31.5 0.24 7 . 80 7.49 137.50 0.251 0.019 <0.010 0.013 0.030 <0.006 
Noe 10 28 TME122 0-15 44 .5 2 . 38 6 . 50 356.90 261 .00 0.831 0.505 0 .037 <0 . 010 0.229 2.174 
Noe 10 28 TME123 0-15 37 .0 5.22 7 . 20 1730 212.00 0.913 0.147 0.017 0.025 0 . 186 0 . 191 
Noe 10 28 TME124 0-15 46.0 2.01 7 . 35 526.00 263.00 0.849 1 .864 0 .179 0.027 0 .178 0.204 
Noe 10 28 TME125 0-15 36.5 3.23 7 .10 925 . 80 249 . 00 0.731 0.400 0.023 0.014 0.278 0.305 
NoC 10 28 TME126 0-15 37.5 6.97 6.90 2306 215.00 1. 603 0.158 0 .045 0.016 0.250 0.994 
NoC 10 28 TME127 15-30 37.5 0.96 6.90 278.30 68 . 80 0.387 0.034 0 .010 0.012 0.073 1. 737 
NoC 10 28 TME128 15-30 36.0 2.59 7. 10 826.10 177.00 0.898 0. 134 0 .046 0.048 0.170 1. 960 
NoC 10 28 TME129 15-30 38.5 2. 15 7. 10 636.90 176 . 00 0.583 0.071 0 .012 0.014 0.095 0.717 00 
Noe 10 28 TME130 15-30 37.0 3.42 6.95 1105 190.00 1 .037 0. 156 0.023 0.017 0. 119 3.248 \D 

Noe 10 28 TME131 15-30 35.3 3.51 7. 10 1149 202.00 1. 059 0.099 0.026 0.016 0. 129 1. 853 
Noe 10 28 TME131o 30-45 35.5 0.63 6.60 190. 10 0.00 0.343 0.015 <0 .010 <0.010 0.216 0.172 
Noe 10 28 TME131b 45-60 35.5 0.31 6.60 92.34 4.42 0.265 0.031 0.011 <0 . 010 0.098 0.081 
Noe 10 28 TME131c 60-75 36.5 0.23 6.60 52.42 33.60 0.263 0.050 0.013 <0.010 0.056 0.412 
Noe 10 28 TME131d 75-90 32.5 0.22 6.70 56.87 17.60 0.254 0.064 0.012 <0.010 0 .071 0.090 
NoC 10 28 TME131e 90-105 32.5 0.25 6.90 46.36 21 .50 <0.200 <0.010 <0.010 <0.010 0.028 0 .011 
Noe 10 28 TME131f 105-120 33.0 0.31 7.50 33.72 134.00 0.320 <0.010 0 . 015 0.014 <0.020 <0.006 
NoC 10 28 TME131g 120-135 32.0 0.26 7.50 24.24 114 .00 <0.200 <0.010 <0.010 <0.010 <0.020 <0.006 
NoC 10 28 TME131h 135-150 34.5 0 . 25 7.60 19.81 123 .00 0.212 0.013 <0 .010 <0.010 0.043 <0.006 
Noe 10 38 TME174 0-15 35.5 1 .24 7.30 238.30 276.00 0.778 0. 115 0.044 0.056 0.106 0.080 
Noe 10 38 TME175 0-15 37.0 1 .24 7.30 200.80 379.00 0 . 405 1 .343 0.100 0.015 0. 176 0.069 
Noe 10 38 TME176 0-15 37 . 0 4.59 6.95 1537 158.00 0.914 0.049 0.012 0.018 0.201 0 . 101 
Noe 10 38 TME177 0-15 36.5 0 . 77 7 .35 89.45 254 .00 0.423 0.046 0.014 0.026 0 . 086 0.064 
Noe 10 38 TME178 0-15 36.0 0.60 7. 10 66.20 222.00 0.407 0.058 0.015 0.025 0. 125 0.039 
NoC 10 38 TME179 15-30 36.0 1 .85 7 .00 543.50 184.00 0 . 603 0.058 0.011 0.012 0.123 0.407 
NoC 10 38 TME180 15-30 38.5 1. 53 7. 10 394. 90 303.00 0 . 493 0.079 0.010 0.012 0 . 126 0.135 
NoC 10 38 TME181 15-30 36.5 3 . 21 7.20 1056 179.00 0.845 0.024 0.014 0.017 0 . 135 0 . 206 
Noe 10 38 TME182 15-30 36.0 0.94 7.25 177.85 251 .00 0 . 422 0 .072 0.013 0.018 0 . 112 0 . 053 
Noe 10 38 TME183 15-30 36.0 0.95 7.20 195.70 225 . 00 0.514 0.046 0 .018 0.024 0.098 0 . 087 
Noe 10 38 TME184 30-45 36.5 1 . 05 6.70 333.70 51 . 50 0.498 <0.010 0.011 <0.010 0.104 0. 126 
Noe 10 38 TME185 45-60 39.0 0.43 6 .50 129.20 23. 10 0.236 <0.010 <0.010 <0.010 0 . 114 0.042 
NoC 10 38 TME185o 60-75 34.0 0. 18 6.70 36 . 54 47.60 <0.200 <0.010 <0.010 <0.010 0 .075 0 .011 
NoC 10 38 TME186 75-90 35.0 0. 14 6.80 22.40 18.40 <0.200 <0.010 <0.010 <0.010 0.052 0.006 
Noe 10 38 TME186o 90-105 34.5 0. 13 6.80 18.30 39.70 <0.200 0.017 <0 .010 <0.010 0.046 <0.006 
NoC 10 38 TME186b 105-120 31.5 0.20 7.00 33 . 66 31 . 50 <0.200 0.019 <0 . 010 <0.010 0 . 058 0.006 
NoC 10 38 TME186c 120-135 32.5 0.35 7.50 49.34 81 .30 <0.200 <0.010 <0.010 <0.010 <0.020 <0.006 

Sot'n = Percent Saturation; E.e. = Electrical Conductivity; Alk. = Aiko I inity (mg CoCO3/L); Elements (er, V, ed. Pb, Li, Mo, 
Ni, Se and Co) below the detection I imit ore excluded from this table . 



Concluded. Saturated Paste Extract Doto for the Soi Is and Soi I/Waste Mixtures in the Esso Field Plots in 1990. 

Waste Rate Depth Ca Mg No K Sr 
----

B Bo p s Si As SAR 
(cm) (mg/L) 

Nae 10 0-15 61.09 9.33 287.60 5.73 0. 142 0. 194 0 . 157 2 . 407 22.52 16.89 0. 125 9. 1 
NaC 10 0-15 59 . 60 9.85 262.20 4 . 19 0. 114 0. 110 0.078 0 .394 21.62 4.52 0. 134 8.3 
NoC 10 0-15 81 . 91 13.05 443.60 17 . 36 0 . 172 0. 721 0. 102 1 .882 37.42 9.67 0.098 12.0 
Noe 10 0-15 69.60 10.76 409.30 11. 25 0. 151 0 . 207 0.145 3. 148 33.76 10.45 0.096 12. 1 
NoC 10 15-30 215.80 91 .24 233.20 18.70 0.555 0 . 803 0.432 <0. 100 17.90 7.82 0.060 3.4 
NoC 10 15-30 100.18 23.87 346.60 12.06 0.180 0. 147 0. 131 0.399 30.47 4.59 0.098 8 . 1 
NoC 10 15-30 83 . 16 19.79 295.40 4 .53 0.146 0.054 0.099 0.237 30.33 3. 10 0.066 7.6 
Noe 10 15-30 75.79 19.94 226.50 11. 59 0. 158 0.112 0.091 0.220 18.23 6.88 0 . 113 6.0 
NoC 10 15-30 148.75 41. 36 367.90 17. 14 0.301 0 .100 0.231 0.679 17. 19 8.04 0.112 6 .9 
NoC 10 30-45 108.25 59.62 35 . 60 10.75 0.332 0.051 0. 178 <0 . 100 5.46 6.97 0.041 0 . 7 
NaC 10 45-60 44.39 22.71 17.43 7.23 0.125 0.058 0 . 061 <0.100 4.76 7 . 03 0.046 0.5 
Nae 10 60-75 30.93 15. 13 12.15 6 . 34 0 .088 0.054 0.049 <0 . 100 4 . 64 6.88 0.039 0 . 4 
Nae 10 75-90 30.89 14.89 13.60 6. 18 0.086 0.061 0.052 <0 . 100 4 . 85 6.82 0.031 0 . 5 
NaCl 10 90-105 28.87 14.28 12.98 5 . 79 0.089 0 .042 0.057 <0. 100 4.89 6 .82 <0.030 0.5 
NoC 10 105-120 30.37 14.63 12.70 6.40 0.090 0.057 0.056 <0.100 5.66 6 . 71 <0.030 0.5 
Noe 10 120-140 29 . 13 13.37 12.38 6 . 61 0.085 0 .053 0.060 <0. 100 5.24 6 .58 <0.030 0.5 
Noe 10 0- 15 108 .90 17.59 499.00 15.49 0.236 0. 120 0.144 1. 644 32.66 10 .24 0.219 11 . 7 
Noe 10 0-15 180A8 32.99 1195.50 12.07 0.405 0 .061 0. 110 0.279 80.08 4.86 0.080 21 .5 
NoC 10 0-15 65.39 9.57 484.50 5.42 0. 136 0.078 0 . 100 1. 608 33 . 37 7. 14 0 . 103 14.8 
Nae 10 0-15 117. 22 18 . 46 750.90 10.15 0.219 0 .089 0.083 1. 152 59.74 7 .76 0. 149 17.0 
Nae 10 0-15 309.20 55.13 1358.70 23.98 0 . 595 0 .074 0.267 0.382 75.43 6.00 0.059 18.7 
Noe 10 15-30 64.34 16. 17 131. 44 16 . 37 0.145 <0 .040 0.121 <0. 100 13.69 5.39 <0 .030 3.8 
Noe 10 15-30 131. 27 30.58 490 . 10 13.08 0.259 0.076 0.178 0.276 33 .84 4.68 0.092 10.0 <.O NoC 10 15-30 123.81 27.82 376.70 10 . 97 0 . 248 <0.040 0.158 0. 159 25.67 3 .95 0.054 8.0 0 
Noe 10 15-30 216 . 50 48.10 572.50 17.03 0.369 0.052 0 . 238 0.256 43.09 4 . 27 0 . 061 9 . 2 
Noe 10 15-30 230.65 48.99 585. 15 14.49 0.402 0.054 0 . 268 0.231 32.74 4. 17 0.063 9.1 
Noe 10 30-45 59.02 16.28 38.68 17.93 0.146 <0.040 0.182 <0.100 5. 14 12 . 40 <0.030 1 . 1 
Noe 10 45-60 31. 98 9.44 12 .22 12.67 0.075 <0.040 0 .143 <0 .100 2.31 13 . 20 <0.030 0 .5 
NaCl 10 60-75 24.53 7 .26 9.42 10.09 0 .052 <0.040 0.081 <0. 100 2.28 11 . 11 <0 . 030 0.4 
NoC 10 75-90 21.37 6 .88 12.04 8.77 0 .041 <0.040 0.091 <0 .100 3.19 12 . 66 <0.030 0.6 
Noe 10 90-105 27.09 9 .09 11 . 59 8.48 0 .042 <0.040 0.049 <0 . 100 10.64 12.55 <0.030 0 . 5 
NoC 10 105-120 42.72 14.28 10. 16 7.85 0.053 <0.040 0 .083 <0 .100 3. 77 6.87 0.046 0.3 
NoC 10 120-135 35.52 10.86 10. 10 6.62 0.044 <0.040 0.063 <0 . 100 3.79 6.39 <0.030 0.4 
Noe 10 135-150 35 . 85 10.68 8.99 6 .74 0.040 <0.040 0.069 <0 . 100 3. 15 6 . 45 <0.030 0.3 
NoC 10 0-15 107.23 19.30 234.80 9.07 0.210 0.108 0. 120 0.565 17 . 57 35.00 0.149 5.5 
NoC 10 0-15 51.23 8.63 293.50 4.68 0.095 0.076 0.075 0.719 21 . 62 346.30 0.149 10.0 
Noe 10 0-15 198.01 40.57 900.50 7.36 0.360 0.042 0. 167 0. 181 62.89 3.13 0.080 15.2 
Noe 10 0-15 76.56 14.88 102.26 6.95 0. 139 0.059 0.083 0.205 22. 15 7.92 0. 141 2.8 
Noe 10 0-15 78 . 43 14.63 56.24 7.67 0. 139 0.042 0.087 0. 186 7.81 5 . 66 0. 121 1.5 
NoC 10 15-30 140 . 62 34 . 77 242.30 11. 08 0.247 <0.040 0. 192 0. 188 17.91 3.90 0.102 4 .7 
Noe 10 15-30 106.37 23.33 244. 10 10.00 0. 181 0.050 0. 145 0.255 24.81 4.09 0. 122 5 . 6 
NaC 10 15-30 192 . 59 45 . 51 509.30 11. 05 0.339 <0.040 0.217 0.190 33.09 4.67 0.107 8 . 6 
Noe 10 15-30 78.90 16.65 144 . 10 7 .12 0.130 0.042 0.095 0.276 15.29 4.61 0. 127 3 . 9 
NoC 10 15-30 97.92 21 .22 101. 72 9.80 0 . 164 0.041 0. 117 0.199 8.87 4. 19 0.135 2.4 
NoC 10 30-45 114. 88 30 . 34 46 . 95 17.98 0.256 <0.040 0. 167 <0. 100 7.41 5.31 0.038 1.0 
Noe 10 45-60 46 .89 13.46 12.81 13.59 0 . 107 <0.040 0.129 <0.100 2.96 10.71 <0.030 0.4 
Noe 10 60-75 16 . 23 5.33 8.57 7.69 0 . 038 0.048 0 . 071 <0. 100 2 . 46 11 .57 <0.030 0.5 
NoC 10 75-90 13 . 15 3.68 9.06 6.22 0.029 0.050 0.047 <0. 100 3.31 11 .46 <0.030 0.6 
Noe 10 90-105 11. 87 4.42 7.20 5 . 57 0.026 0.042 0.071 <0. 100 3.21 12 . 67 <0.030 0.5 
Noe 10 105-120 19 . 30 7.31 8.73 6 . 66 0.035 <0.040 0.069 <0.100 3.67 11 .90 <0.030 0 . 4 
Noe 10 120-135 42.05 15.49 13. 11 7.43 0 . 123 <0.040 0.066 <0 . 100 5.37 7.96 0.063 0.4 

SAR= Sodium Adsorption Ratio; Elements (Cr , V, Cd, Pb, Li, Mo, Ni, Se and Co) below the detection I imit ore excluded 
from this toble. 
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