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IN'IRODUCTION 

Coal mining activity in the Luscar area of western Alberta is 

scattered over 6-7 square miles of Upper Foothills forested land at an 

alti tude of about 5, 500 ft. Mining and exploration over the past four 

or five years has resulted in the construction of open pits, overburden 

dumps, haulw8\Ys, access roads, exploration holes and cuts, and coal 

washing and handling facilities. Mining is presentlY conducted by Cardinal 

River Coals Ltd. on the east side of the Gregg River, and exploration by 

Alberta Coal Ltd. on the west side of the river. The headwaters of the 

Camp, Cabin and Lus car Creeks are wi thin this area, and it is frequented 

by mule deer, eJk, moose, and perhaps mountain sheep and goats as well as 

many other wildlife species common to the Canadian Life Zone (3). Local 

fisheries biologists consider the area to be a trout spawning ground and 

it is within the foothills watershed and recreational region. A check 

list of common plants in the undisturbed vegetation is given in Table 1, 

as a further description of the ecology and land-use potential of the area. 

Several of these local plants m8\Y prove useful as native stocks and ecotypes 

for inclusion in a reclamation program provided seed or vegetative material 

can be collected; and any revegetation of the disturbed land must be 

compatible with the undisturbed vegetation. 
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Tabl� 1. Check list of undisturbed vegetation in the Luscar area 

Scientific name 

Lycopodium annotinum 

Abies lasiocarpa 

Pi cea glauca 

Picea engelmannii 

Pinus contorta v� latifolia 

Agrostis alba 

Agropyron latiglume 

Calamagrostis canadensis 

E�us innovatus 

Hordeum jubatum 

Phleum alpinum 

Poa alpina 

Trisetum spicatum 

Carex spp. 

Populus balsamifera 

Salix bebbiana 

Salix glauca 

Salix scouleriana 

Alnus crispa 

Oxyria digyna 

Dryas drummondii 

Rubus me lano las ius 

Potentilla fruticosa 

COIImlon name 

Stiff club-moss 

Alpine fir· 

White spruce 

Engelmann spruce 

Lodgepole pine 

Redtop 

Wheatgrass 

Bluejoint reedgrass 

Hairy wild rye 

Foxtail barley 

MOuntain timothy 

Alpine bluegrass 

Spike trisetum 

Sedges 

Balsam. poplar 

Beaked willow 

willow 

willow 

Green alder 

MOuntain sorrel 

Yellow dryad 

Wild red raspberry 

Shrubby cinquefoil 

Occurrence 

occasional 

frequent 

abundant 

abundant 

occasional 

occasional 

occasional 

frequent 

frequent 

occasional 

occasional 

occasional 

occasional 

frequent 

frequent 

abundant 

abundant 

abundant 

frequent 

occasional 

occasional 

occasional 

occasional 

cont. 



Table I continued. 

Scientific name 

Oxytropis deflexa 

Hedysarum alpinum 

Shepherdia canadensis 

Epilobium angustifolium 

Cornus canadensis 

Ledum groenlandicum 

Menziesia glabella 

Rhododendron albiflorum 

Mertensia paniculata 

Linnaea borealis 

Sambucus melanoc�pa 

Achillea millefolium 

Arnica cordifolia 

Senecio pseudaureus 

Taraxacum officinale 
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Connnon name 

Reflexed loco-weed 

Canadian buffalo-berry 

Fireweed 

Bunchberry 

Connnon Labrador tea 

False huckleberry 

White-flowered rhodo
dendron 

Tall lungwort 

Twin-flower 

Black elder 

Connnon yarrow 

Heart-leaved arnica 

Thin-leaved ragwort 

Connnon dandelion 

Occurrence 

occasional 

occasional 

occasional 

freca.uent 

abundant 

occasional 

freca.uent 

freca.uent 

abundant 

abundant 

occasional 

freca.uent 

freca.uent 

occasional 

freca.uent 

1rdentifications made with the assistance of Mr. Stan Zubrowski of the 
Canadian Forestry Service, and nomenclature is according to E. B. Moss, 
Flora of Alberta. 
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While several aspects of environmental quality are being affected 

by mining activity at Luscar, the work reported was directed particularly 

toward the measurement of reductions in stream water and bottom quality due 

to accelerated erosion, and to methods of revegetation that will assist in 

the control of this erosion. 

It is recognized that fluctuations in runoff from snowmelt and 

rain and changing mine operations make it difficult to establish the exact 

and full impact of such land disturbances upon water quality without an 

extensive sampling program over several years. Similarly, the revegetation 

trials cannot be fully assessed until three to four years after seeding. 

Nevertheless the preliminary information obtained to date can contribute to 

a current assessment of the situation and provide guidelines for the initial 

reclamation and control measures expected during the coming year. 

The relation of this work to the general problem of disturbed 

land reclamation has been discussed in a previous report (2). 

ME'lHODS AND MATERIAIS 

Water Quality Measurements 

Two, l6 oz. polypropylene bottles were filled with stream water 

on the dates indicated in the Tables and at the sampling points shown on 

Figure l. The temperature of the flowing water was taken at the time of 

sampling and the pH of the sample was determined wi thin a few minutes. All 

further optical and chemical tests were conducted within 72 hours according 

to the Water and Wastewater Procedures of Hach Chemical Co. , Ames, Iowa 1969 

with a Hach DR-EL Engineer's Laboratory. Suspended and dissolved solids were 
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measured according to the Standard Methods for the Examination of Water 

and Wastewater, 13th Ed. , 1971, APHA-AWWA-WPCF. 'Th.e presence or absence 

of coal particles in water samples or bottom sediments near the sampling 

point was determined by visual observation and microscopic examination of 

representative samples (Figure 2). 

Revegetation Trials 

Fall (September 23, 1970) and spring (May 27, 1971) seeding was 

done by hydroseeding techniques on weathered sandstone and shale over

burden. The basic slurry in which the seeds were applied consisted of the 

following: fresh water at 1, 000 gal per acre; cellulose fiber mulch at 

800 to 1, 000 lbs air dry weight per acre; 10-30-10 inorganic fertilizer 

at 200 lbs per acre; 46-0 -0 urea at 100 lbs per acre and activated sewage 

organic fertilizer at 200 lbs per acre. Five mixtures of seeds were used. 

Mixes I and II (Table 2) contained the most common erosion control grasses 

and legumes and are the onJ.y applications that can be assessed at this time. 

The maximum expected number of germinants per 9 sq. feet was calculated as 

the seeding rate (lbs per acre) x the seeds per pound x the percentage 

germination x 9/43, 560. Each seed mixture was applied to four 20 I X 60' 

plots which had slopes of 3 � 3%, 17 � 4%, 36 : 3% and 73 � 3% and a general 

southeast to east aspect. 'Th.ese slopes were freshly prepared in September 

1970 on an overburden dump which after 25-30 years had almost no vegetation; 

the resulting surfaces were about the same to somewhat less stony and 

more weathered than that of current dumps in the Luscar area (Figure 3). 
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Figure 2. 
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Table 2. Grasses and legumes seeded at Luscar and their maximum expected number of germinants. 

Scientific name Common name 

Mix I 

Agropyron cristatum Crested wheatgrass 

Agrostis alba Redtop 

Festuca rubra Creeping red fescue 

Poa pratensis Kentucky bluegrass 

Melilotus aJba White sweet clover 

Mix II 

Agropyron riparium Streambank wheatgrass 

Bromus inermi s Smooth brome 

Elymus junceus Russian wildrye 

Phleum pratense Timothy 

Medicago sativa Alfalfa 

Seeding rate 
(Jbs per acre) 

30 

10 

30 

10 

20 

12 

15 

15 

15 

15 

Seeds 
per lb. a 

175, 000 

4, 990, 000 

6 15, 000 

2, 177, 000 

260, 000 

139, 276 

136, 000 

175, 000 

1, 230, 000 

200, 000 

Percentage 
germinationb 

.89 

.85 

.92 

.57 

.71 

.46 

.83 

.64 

.95 

.86 

Max germinants 
per 9 sq ftC 

966 

8763 

3507 

2564 

763 

159 

350 

347 

3622 

532 

a
Taken from U.S.D.A. Grass Yearbook of Agriculture, 1948. 

bMean of duplicate determinations of 100 seeds on moist filter paper at 23° C  (16 hr) and 18°c (8 hr). 
cSee Methods and Materials for method of calculation. 

Please disregard the decimal points under Percentage germination 

Page 8 Table 2. 

ex> 



Figure 3. 
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Field observations and measurements included: spring snow depth, 

monthly rainfall, air temperatures and humidities, ground temperatures at 

til, 6" and 12" (read about 2 pm), percentage moisture in the 0-6" la¥er 

« 2 mm fraction), and the percentage of "" 2 mm fraction in the 0-3/411 

fraction of the 0_6" layer. 'll1ese varicus measurements were taken at such 

times and locations as were considered necessary to obtain representative 

data for the experimental area without attempting to obtain detailed infor

mation on each plot. Figure 3 shows the general plot plan and the location 

of the rain gauge, Stevenson screens and ground sampling pOints. Plant 

densities were determined by counting all the plants in a 3' x 3' square 

which was randomly placed twice in the upper, middle and lower portions 

of each plot. 

RESULTS AND DISCUSSION 

Water Quality Measurements 

Tables 3, 4, 5 and 6 show the water quality parameters measured 

on the Gregg River, Cabin Creek, Camp Creek and Luscar Creek respectively, 

by location and sampling date. Samples taken on April 29th represent 

the conditions dur ing the per iod of rapid snowme lt and spring runoff. 

At this time the suspended solids, turbidity, apparent color and dissolved 

solids were generally high in the area. While these high values are common 

in mountain watersheds during the spring, it was noted that fresh bottom 

sediments containing coal particles were deposited in all four water courses 

along the water's edge in rocky areas that were sediment free the previous 

year. By May 28th, the Gregg River above the Cabin Creek was running clear 

and bottom sediment in the main channel had been washed downstream. 
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Table 3. Water quality measurements on the Gregg River by sampling location and date in 1971. Values in brackets are the 
maximum allowable limit as defined in the text. 

Parameter Above Cabin Creek 
(units) April 29 May 28 June 28 Jul¥ 28 

Temperature 3 3 (6) 9 (l2) 7 (10) 
(OC) 

pH 8.5 8.5 (8.5) 8.4 (8.5) 8.3 (8.5) 

Alkalinity 
(ppm CaC03) l62 130 (180) 153 (203) 135 (185) 

Iron (ppm) 0. 05 0.02 (0.3) 0.04 (0.3) .02 (0.3) 

Apparent color 
(APRA units) 240 0 0 0 

'furbidi ty (JW) "> 500 0 (25) 0 (25) 0 (25) 

Suspended 
solids (ppm) 1900 1O (20) 1 (11) 2 (l2) 

Dissolved 
solids (ppm) 1120 90 ( 1500) 146 (1500) 160 (1500 ) 

Coal particles 
in water present none none none 

Coal particles 
in bottom 
sediment present none none none 

Below Cabin Creek 
June 28 Jul¥ 28 

1O (6) 8 ( 1O) 

8.5 (8.5) 8.4 (8.5) 

165 (203) 150 (185) 

0.11 (0.3) .09 (0.3) 

80 22 

35 (25) 11 (25) 

14 ( 11) 3 (l2) 

158 (1500) 190 (1500 ) 

none none 

present present 

Below camp Creek 
June 28 Jul¥ 28 

10 (l2) 8 (1O) 

8.4 (8.5) 8.2 (8.5 

160 (203) 143 (18; 

0.16 (0.3) .06 (O. � 

250 25 

90 (25) 6 (25: 

30 ( 11) 3 (l2: 

162 (1500) 190 ( 15( 

none none 

present present 
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The water quality at this sampling point was therefore used in Hay, June 

and Ju� to establish the natural water quality of the river, and the 

effects of inputs from the Cabin and Camp Creeks. Since the three creeks 

studied originate in the mining and exploration area, no meaningful upstream 

samples could be obtained for them. Instead, the creeks were sampled near 

their point of exit from the disturbed land and their quality at this point 

compared with the upstream Gregg River sample on a given date. Such 

comparisons are based upon the assumption that the point of exit should be 

maintained at a water quality �s high as that of nearby water courses that 

are not effected by the land disturbance at the time of sampling. 

The maximum allowable limit to which the water quality parameters 

in the Gregg River can rise are given in brackets in Table 3. These limits 

were determined by app�ng the Alberta (4) or u.S. (1) water quality 

criteria (similar criteria for Canada are near completion but not yet available ) . 

These crIteria either state a maximum value, e.g., for iron or pH, or they 

indicate the maximum change that can be tolerated by natural water ecosystems, 

e.g. , for turbidity or suspended solids. Certain parameters are not specifica� 

dealt with in these nriteria such as apparent color or the presence of coal 

particles. Changes in water quality parameters of the Gregg occurred in 

June and Ju� as the inputs from the Cabin and Ca.m;p Creeks were incorporated 

into the main stream. In particular, there were increases in turbidity, sus

pended and dissolved solids, iron, apparent color and the occurrenoe of coal 

in bottom sediments. Turbidity and suspended solids exceeded the maximum 

allowable limits below the Cabin and Camp Creeks in June but not in Ju�. 
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Table 4. Water quality measurements on the Cabin Creek by sampling date 
in 1971. 

Parameter (units) April 29 May 28a June 28 July 28 

Temperature ( 0 C) 3 4 8 lO 

pH 6. 8 8.5 8. 3 8. 3 

Alkalinity (ppm caC03) l80 190 21O 205 

Iron (ppm) 0.50 0. 23 0. 25 0.4l 

Apparent color (APRA units) 320 85 195 103 

Turbidity (Jill) 97 II 72 48 

Suspended solids (ppm) 60 50 3l 25 

Dissolved solids (ppm) 800 640 230 270 

Coal particles in water present none present none 

Coal parti cles in bottom 
sediment present present present present 

aoily sheen and odor present. 

The water quality of the Cabin Creek from May through July (Table 4) 

was consistently lower than that of the upper Gregg River and confirmed 

that this Creek was a continuing source of suspended and dissolved solids, 

iron, alkalinity (bicarbonate) and coal particles. On May 28th, the Cabin 

Creek also had an oil sheen and odor at the sampling point. Samples from 

the Camp Creek (Table 5) also confirmed it to be a source of suspended 

sediment and coal particles in June and July. 
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Table 5. Water Cluali t-y measurements on the Camp Creek by 
sampling date in 1971. 

Parameter (units) 

Temperature ( °C) 

pH 

Alkalinity (ppm CaC0
3

) 

Iron (ppm) 

Apparent color (APHA units) 

'furbidity (J1U) 

Suspended solids (ppm) 

Dissolved solids (ppm) 

Coal parti cles in water 

Coal parti cles in bottom 
sediment 

June 28 

10 

8 .5 

155 

0.06 

>500 

>500 

498 

186 

present 

present 

Ju� 28 

8 

8. 4 

165 

0.17 

78 

25 

30 

200 

none 

present 

llie Lus car Creek is not part of the Gregg River drainage system 

and has been dammed to supp� water for the mine. Direct comparisons between 

the Cluali ty of water flowing out of the dam and that of the Gregg River is mer e 

difficult. However, if such a comparison is made with the upper Greeg River 

sampling point from May through Ju� the on� parameter that was consistentJ� 

higher in Luscar Creek vlas alkalinity, although small amounts of suspended 

and colored material (including coal) were present in the water (Table 6), 

and coal particles occurred in the bottom sediments. 
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Table 6. Water quality measurements on the Luscar Creek by sampling date 
in 1971. 

Parameter (uni ts ) April 29 May 28 June 28 July 29 

Temperature ( 0 C) 7 5 8 II 

pH 8.4 8.5 8.5 8.5 

Alkalinity (ppm caC03) 260 300 200 222 

Iron (ppm) 0.05 0.06 0.06 0.1 

Apparent color (APHA units) 280 36 38 35 

Turbidity (J'IU) 230 6 16 II 

Suspended solids (pp�) 220 40 3 8 

Dissolved solids (ppm) 1100 770 202 260 

Coal parti cles in water present none none none 

Coal particles in 
bottom sediment present present present present 

Revegetation Trials 

Fall seeded plants had germinated by May 26th, and spring seeded 

plants by June 29th. Plant density counts for June and July were averaged 

to obtain an assessment of the effect of spring vs. fall seeding and slope 

upon germination and early growth (Table 7). Spring seeding was superior to 

fall seeding for both sweet clover and alfalfa but was of little importance 

for the grasses. In almost every case, the 0-6% slope produced the highest 

density, and the steepest. slope was highly inferior to the other three. Subject 

to satisfactory growth and development, and with the exception of the steepest 

slope, the densities obtained are considered adequate for erosion control. 
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By reference to Table 2, it is obvious that even under the most favorable 

conditions onlY about 10% of the maximum possible number of germinants were 

obtained. Also the much higher number of potential germinants in Mix I 

(ca. 16, 000) vs. Mix II (ca. 5, 000) had little effect upon the number of 

germinants actuallY obtained in the fielU. These results indicate the 

presence of a limited number of microsites suita.'ble for germination and earlY 

growth. 

Table 7. Plant densities (plants per 9 sq. ft.) of legumes and grasses 
seeded in the fall and spring on four slopes. 

Plants Seeding Slo12e (�l 
Time 0-6 13-21 33-39 70-76 

Legumes 

Sweet Clover Fall '70 6.7a 3.2 4.7 0.8 

Spring '71 72.8 97.1 13.9 1.7 

Alfalfa Fall '70 2.0 0.6 1.2 0.2 

Spring '71 61.6 50.6 38.2 0.8 

Grasses 

Mix I Fall 170 273 115 164 8.3 

Sprine; '71 161 158 55.0 4.) 

Mix II Fall '70 139 66.6 37.8 16.9 

Spring 171 213 118 73.7 5.0 

� alues are the means of counts 011 six, 9 sq. ft. plots on June 29 and 
JulY 27, 1971. 
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Numerous observations on the plots verified the importance of small 

depressions in the surface to germination and early growth. These depressions 

are usually made by the tracks or blade of a bulldozer during grading and are 

about 1 -211 deep and 2 -3" acress. The mulch and seed becomes washed into 

these depressions with time and is covered and mixed with fine particles that 

move downslope or off of areas exposed to raindrops and wind. Applying an 

even cover of mulch, seed and fertilizer is wasteful, since only about 10% 

of the area appears to be suitable for germination and early growth, instead 

attempts must be made both to concentrate the slurry in these microsites and 

to increase the total area of suitable microsites. On rocky ground, the 

slurry can be washed into the crevices with a follow up water and adhesive 

application. On smooth or sandy surfaces, small contour trenches and packing 

and covering the seed are other techniques that can be applied. 

Other data collected to date, as indicated in the Methods section, 

can not be analyzed at this time but will be included in subsequent reports. 

CONCIDSI ONS 

Sediment, including coal particles, has moved from the mined-land 

into the associated drainage systems. This movement occurred during the 

spring runoff and at intervals during May and June. The water and bottom 

quali ty of the Cabin and Camp Creeks have themselves been the most adversely 

affected by the mining activity but they in turn contribute suspended and 

dissolved materials to the Gregg River. 

Erosion control by seeding various grasses and legumes can be 

accomplished on overburden dumps at Luscar with hydroseeding techniques and 

commcrcially available grasses and legumes. However, the density of plants 



- 18 -

in the first year appears to be limited by the nuniber of sui table micro

sites rather than the rate of seeding or mixture of species. 

The following study areas need immediate further attention: 

( a) the importance of surface topographies (microsites) upon seed 

germination and plant establishment on rocky or sandy ground, 

( b) engineering methods for producing optimal surface topographies 

for plant establishment, and of plaaing seeds in suitable microsites, 

( c) the optimum density and arrangement of plants with particular 

root structures for th0 stabilization of steep slopes having various 

degrees of erodability, 

(d ) co-ordination of mining and reclamation plans to achieve desirable 

gross topography of the land before revegetation e.g. slope, 

aspect, mass stability and drainage, 

(e) determination of the effects of suspended and dissolved solids 

from the mined land upon aquatic habitats and organisms in the 

Cabin Creek, Camp Creek and Gregg River with emphasis upon bottom 

quality and corrective measures to maintain the productivity of 

these waters. 

Once these immediate problems associated with stream ecology, plant 

establishment and surface stability are solved, greater attention c an  be 

placed upon species selections, land-use objectives and reclamation techniques 

other than hydroseeding. 
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FIGURES 

Figure l. Drainage systems and locations of water sampling pOints in 

relation to coal mining activity in the Luscar, Alberta area. 

Figure 2. Coal particles in typical w ater samples (above) and bottom 

sediment sa.m;ples (below) from the Luscar area. 

Figure 3. Location, topography and layout of revegetation plots at 

Lus car, Alberta. 


