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ABSTRACT 

Skiing conditions at the Lake Louise Sk-i Area may be improved by the 

application of artificial snow. Concern has been expressed that artificial 

snow may contribute to the development of slope failures. Geotechnical and 

hydrological investigations indicate that the proposed surface water and 

groundwater control systems will reduce groundwater recharge. This will 

result in 1 oweri ng the groundwater surface,. contributing to an overall 

improvement in slope stability . 

INTRODUCTION 

In 1981 , the Lake Louise Ski Area produced a Development Plan . This plan 

contained various components which were designed to improve the overall 

quality of skiing at Lake Louise. The principal component of the plan is 

artificial snowmaking. Parks Canada expressed concern that snowmaking 
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would aggrevate existing terrain stability problems on the ski hill . A 

study to ameliorate these problems produced a surface and groundwater 

control system. This will stabilize slopes in areas where soil slumping 

has occurred, or is probable. 

The area of emphasis for the study was the lower elevations - below the 

treeline - of Whitehore Mountain (Drawing 1) where snowmaking is proposed . 

Some slope instability, both natural and man-induced, exists throughout 

this area. Visible evidence of instability takes the form of surficial 

slumps. These are typically 30 to 50 m long, 20 m wide and 2 m deep . The 

instability of the glacial drift soil, which underlies the area, is related 

to the soil moisture condition, with failures almost always occurring with­

in a saturated soil. The control of soil moisture content was achieved by 

1 oweri ng the groundwater surface in 1 ocal i zed are.as and by restr-i cti ng 

groundwater recharge from water courses and springs . 

TOPOGRAPHY AND SURFACE DRAINAGE 

The gradient of the central ski runs varies from relatively gentle at the 

Whitehorn Mountain base to comparatively steep near the top of the ski 

runs. The terrain rises from an elevation of 1660 mat Whiskeyjack Lodge, 

at an average gradient of 5° to the base of the ski runs . From elevation 

1700 m to 1860 m, slopes are approximately 14° , leveling to 10° towards the 

1900 m elevation . The final rise to the top of the ski runs averages a 

slope of 20°. Some sections as steep as 30° are also encountered, particu­

larly midway along the Juniper and Men's Downhill runs . 



,,,----.-. 

- 3 -

The primary contributors to surface flows on the Whitehorn face are two 

springs. One is located under , and the other just above the upper terminus 

of the Glacier chair. The precise location of these water sources, Triple 

Creek and Glacier Seep , are shown on Drawing 1. The streams originate at 

the 2100 m level and flow generally in the area of the ski runs . The two 

streams join in a swampy area located at the 1900 m level . The stream then 

flows to the 1700 m level where a portion enters a cistern or sump which 

eventually supplies water to Whiskeyjack Lodge. The remaining flow joins 

Fish Creek. 

GENERAL GEOLOGICAL CONDITIONS 

Bedrock Geology 

Bedrock in the Whitehorn face consists of a· number ·of sedimentary rock 

types belonging to the Corral Creek Formation. The major rock types are 

slate, sandstone , siltstone and conglomerate. In the upper slopes, where 

rock exposures have been mapped, bedding dips at between 30° and 70° toward 

the southwest. (Geological Survey of Canada, 1975) . 

Overburden Geology 

Soil overburden consists of glacial till deposited during the Pleistocene 

Period. Although there is little subsurface information available to per­

mit an interpretation of overburden thicknesses along the Whitehorn face , 

in general, the till deposit is thin (less than 5 m) near the 2135 m eleva­

tion and is relatively thick towards the bottom of the slope and the loca­

tion of the Whiskeyjack Lodge. 
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GROUNDWATER CONDITIONS 

The hydrogeological exploration indicates that the till varies significant­

ly in the relative proportions of fine and coarse grained material . There­

fore , the distribution of these variable permeability surficial deposits 

will have an important bearing on groundwater movement within the slopes 

(Drawing 2). Another important factor is the ability of the weathered 

bedrock surface to transmit water. Jointed indurated shale bedrock with 

iron staining on the joint surfaces indicates an appreciable groundwater 

flow at the bedrock surface. During drilling, a discharge of about 0.4 L/s 

(5 gpm) was air-lifted from the overburden-bedrock interface. Water moving 

downslope in the weathered bedrock is confined by the less permeable till 

deposits (high clay or silt content) . However, where comparatively / --------._ 

permeable tills are present (low clay or silt content), groundwater can .. 

selectively move under pressure up into the surficial deposits . This water 

can reach the ground surface, forming local swampy seepage zones (Drawing 

2). 

Groundwater is therefore moving downslope through two media. Firstly, 

through the more permeable of the till units. Secondly, through the 

bedrock, especially the weathered upper zone. Meltwater can recharge the 

weathered bedrock surface via sandy to gravelly tills in the upper slopes . 
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WHITEHORN SLOPE STABILITY 

Parameters Used in Analysis 

The primary soil properties required in the analysis of stability are the 

material density and drained strength parameters. The following parameters 

were used for the till: 

a) Saturated density of 220 kg/m3. This corresponds to a moisture 

content of 12%. 

b) Effective stress strength parameters: 

cohesion (c) = 19 kPa 

friction angle (0) = 27 ° 

Groundwater Assumptions 

The level of the groundwater surface is expected to fluctuate within the 

upper 7. 5 m of the soil overburden during the course of the year. Water 

levels are generally near their lowest point in the cycle during the month 

of March. Hence, higher levels are anticipated in late spring and early 

summer. To assist in understanding the importance of groundwater levels on 

the stability of critical slopes, a sensitivity analysis was conducted of 

stability as described in the following paragraphs. 

Results 

A series of calculations were made for the staility of a range of failure 

surfaces. The results are shown on Drawing 3. The analysis is generated 

for the steepest ski slope on Whitehorn (30°) . For example, considering a 
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depth of 6 m and the water surface at a depth of 4 m below the surface of 

the slope, a safety factor of 1. 0 would result. If the water surface was 

any higher than this position, a failure would ensue at a depth of approxi­

mately 6 m, or less. 

The stability analyses assumed a quasi-circular shaped failure surface. A 

generalized method of slices was used. This is applicable to both circular 

and non-circular slip surfaces. Utilizing an in-house computer program, 

GEOSLP , the failure geometry was analysed on a slice-by-slice basis, calcu­

lating driving and resisting forces for each slice. The factor of safety 

is proportional to the ratio of resisting to driving forces. 

EFFECT OF DRAINAGE AND SNOWMAKING SYSTEMS 0~ STABILITY 

Moisture Balance 

Under current conditions, groundwater is recharged from higher elevations 

in the Whitehorn slope, as well as from direct precipitation. With the 

installation of the snowmaking system, additional moisture will be placed 

on the slope. This will contribute to the amount of incoming moisture 

during the spring melt period. On the other hand, it is possible to divert 

water which is re-entering the slope from springs emerging on the hillside 

at approximately elevation 2100 m and below. From a gauging measurement of 

the spring emerging near the level of the Whitehorn lodge, it is estimated 

that approximately 4.5 L/s (60 igpm) is flowing. By visual comparison, the 

other stream has a flow of approximately 3 L/s (40 igpm). These streams 

can be diverted away from the slope. 



- 7 -

The balance between moisture which will be added from the snowmaking sys­

tem, and which can be diverted, is shown conceptually on Drawing 4. The 

surface area considered is approximately 2 km x 0.5 km (106 m2). The 

ski runs where additional snow will be placed are, in reality, only a small 
' fraction of this surface area. The hydrological system is shown for two 

conditions . Firstly , under existing natural conditions. Secondly, with 

additional precipitation (artificial snow) over the whole area and with the 

new drainage system installed. The percentage figures for infiltration , 

evapotranspiration and runoff, and the amount of added snow cover, are 

selected to be highly conservative. A worst case scenario is therefore 

represented. As the potential groundwater drainage and surface water 

diversion (containment) exceed increased infiltration , the moisture condi­

tion of the slope will be improved. 

Under natural conditions, the moisture input to the area per annum is 32 

L/s (422 igpm, Drawing 4) . This comprises 8 L/s (105 igpm) stream inflow 

and 24 L/s (317 igpm) precipitation. A conservative infiltration figure of 

20% is assumed. This gives an infiltration rate of 6.4 L/s (84 igpm) on a 

yearly basis . An infiltration factor of 20% is highly conservative 

considering the local topography, geology, and potential evapotranspira­

tion. The relatively steep slopes will enhance runoff. The presence of 

clay till as indicated by drilling, will also inhibit infiltration. 

Potential evaporation figures for the area actually exceed the 

precipitation figures (Hydrological Atlas of Canada , 1978) . This gives an 

infiltration rate of 6.4 L/s (84 igpm) on a yearly basis . 
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With an added artificial snow cover , the moisture input is increased to 

37.6 L/s (496 igpm, Drawing 4) . The infiltration effectiveness of the 

stream inflow is conservatively reduced by 50% in response to diversion and 

containment. The moisture input is therefore made up of 3. 7 L/s (49 igpm) 

stream inflows and 33.9 L/s (447 igpm) combined natural and artificial 

precipitation. At 20% infiltration , this gives the amount of water 

recharging the slope as 7.5 L/s (100 igpm). This represents an increase of 

1. 1 L/s (15 igpm) over natural conditions . However, improved drainage is 

calculated to reduce overall infiltration by 3.0 L/s (40 igpm) . The result 

is a net improvement in the moisture balance of 1.9 L/s (25 igpm) on a 

yearly basis . 

With the addition of an effective system of surface and subsurface drain­

age , it is anticipated that the water table can be depressed under most 

circumstances envisaged. 

The proposed drainage system is relatively shallow compared with the de­

pression in the water level required to assure slope stability in the cri­

tical areas . Lowering of the groundwater surface within the slope area 

will be a result of a reduction of groundwater recharge by interception of 

groundwater flow by the drains. Further reduction of groundwater recharge 

will be achieved by the diversion and containment of surface water . 
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Effect on Stability 

If water levels are maintained at no higher than 6 m from the ground sur­

face in the steepest portion of the Whitehorn slopes, the slopes will 

retain a minimum safety factor of 1. 1, thereby ensuring stability . 

PROPOSED DRAINAGE SYSTEM 

Interception of Surface Drainage 

The interception of surface water before it can recharge the groundwater is 

essential to stabilization of the steeper pitches on the Whitehorn face. 

There are three possible methods of preventing the surface water from 

contributing to the groundwater flow: 

1. Intercept an.cl divert the two streams at their highest elevation to 

a channel completely outside the ski runs; 

2. Collect and contai n the water from the two streams in a pipeline 

and convey it to cistern storage below the control/compressor 

building near Whitehorn Lodge; 

3. Channelize the two streams in their existing courses and improve 

the culverts and streambeds to reduce infiltration into the sub­

surface soil . 

All of the above measures will reduce icing areas on the slopes and will 

improve the quality of skiing on the Whitehorn face. 
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Subsurface Drainage System 

French drains should be installed in steep , critical slopes where instabil­

ity has occurred in the past, or there is evidence of incipient slumping 

(Drawing 1) . 

The design of a typical French drain is shown on Drawing 5. The design 

consists of filter gravel placed into a trench with dimensions 0.75 m wide 

by approximately 2-3 m deep. Filter cloth should be installed in the 

trench walls to prevent migration of silt fines from the native till into 

the filter gravel. 

Supplementary Drainage Measures 

The subsurface drainage system discussed above is anticipated to produce a ~ 

significant impact on existing groundwater conditions. However, the system 

may require extension as indicated by the relative success achieved during 

its first year of operation . 

Also, due to the presence of low permeability fine-grained tills locally , 

it may be unavoidable that some sections of the system may be less effec­

tive than elsewhere. In these circumstances, it may be necessary to drill 

sub-horizontal drainage holes to increase the effectiveness of the system 

in critical areas . 
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SUMMARY OF FINDINGS 

The geological conditions underlying the Whitehorn slope and preventative 

measures being proposed for ensuring that slope stability is maintained 

after the introduction of snowmaking are summarized in the following : 

1. The Whitehorn slopes are underlain by a relatively thin deposit of 

glacial till . This rests directly on shale bedrock . In the past, 

slumps have occurred within the till in steeper portions of Juniper 

run. 

2. The till is markedly heterogeneous with the proportions of clay, silt, 

sand , gravel and boulders varying appreciably . The deposits are moder­

ately dense , with relatively low natural moisture contents. This 

material has a relatively high undrained shear strength. However, the 

till is susceptible to failures in the steeper slopes if the ground­

water surface should rise to certain levels. Susceptibility to failure. 

in these critical slopes is examined in detail in the report. 

3. Because of previous slumping in the Whitehorn face , a program of drain­

age interception is recommended. The small creek which is fed by a 

spring emerging from bedrock west of the Whitehorn Lodge should be 

diverted or contained. This creek is considered to be responsible to a 

large degree for the high water levels experienced in the slope local ­

ly . In addition to intercepting surface flows , subsurface drains 

should be installed in critical sections of the slopes to ensure that 

the water surface is depressed. \~ater levels should then be monitored 
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in the piezometers installed in the slope. If levels are not depressed 

sufficiently after the subdrains have been installed, it may be neces­

sary to drill sub horizontal drainage holes in critical sections of the 

slope. 

The necessity of providing supplementary drainage holes should be 

established after the performance of the recommended drainage system 

has been monitored during the first year of operation. 

4. The additional amount of water i nfiltrating the slopes due to the pro­

posed artificial snow-making is estimated at 1. 1 L/s (15 igpm). How­

ever, the recommended surface and groundwater drainage system is esti­

mated to reduce overall infiltration by 3. 0 L/s (40 igpm) . Hence , the 

drainage system will more than compensate for the effect that the snow­

making system may have in raising water levels in the slope. 

5. The surface and subsurface drainage systems should be installed in 

advance of constructing the water pipeline system. Trench excavation 

should proceed upwards from the toe of the slopes to assist in drain-
\ 

age. Trenching equipment should not be brought onto the slopes until 

satisfactory drainage has been achieved. 

6. Flexibility should be exercised in determining the depth of the pipe­

line trench to be excavated. In dry ground, no difficulty is antici­

pated for conventional backhoes reaching the design depth. However , in 

wet ground, it may be difficult to excavate a stable trench. A shallow 

trench design is required in wet areas, whereby the trench depth would 
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be limited to approximately 1 m. Continuous water circulation and/or 

insulation would be necessary to prevent freezing . A further alterna­

tive would be to have the pipe heat traced through these areas. 

7. Following construction, the work area should be levelled and re-vegeta­

ted, using established reclamation practices for the ski area . 
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