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Silverton Aquifer Report 
 

Executive Summary 

 
The Silverton aquifer underlies the Village of Silverton in the West Kootenay region of 
south-eastern British Columbia, Canada. It is composed of gravels and sands that were 
deposited in an outwash delta formed where Silverton Creek empties into Slocan Lake. The 
Village water supply is pumped from two wells that were drilled into the aquifer to a depth 
of approximately 48 meters (157 feet).  The water in the aquifer enters from the bottom 
and sides of Silverton Creek as it flows across the gravel to the lakeshore. Because of the 
high hydraulic conductivity of the aquifer the water immediately flows down to the water 
table and then to the lake, so there is a constant flow of water underground from the creek 
to the lake through this unconfined aquifer.  
 
The aquifer is very vulnerable to contamination from the surface because it has no 
confining overburden. The Village water supply is largely protected from surface 
contamination because of the lateral water flow within the aquifer, the screening effect of 
the creek and the pumping depth of the wells. On the other hand the aquifer is highly at risk 
from major contamination upstream in the Silverton Creek watershed because the 
contaminant would immediately be carried down and into the aquifer.  
 
The Slocan Lake Stewardship Society monitors the creek monthly under its Water Quality 
Monitoring program. During 2015 all water quality guidelines were met. It is important 
that this monitoring continues because it will flag problems when they arise and it 
establishes a baseline that can be used for monitoring changes in the watershed. 
 
The Village wells are located about 180 meters southwest of the notch in bedrock where 
the creek exits the mountain valley. The wells are about 30 meters south of the creek and 
460 meters from the lakeshore. During freshette in May and June the high flow rate of water 
from rain and melting snow in the watershed caused a rise in the water table of about 1.4 
meters (4.5 feet).  
 
During 2014 the Village recorded pumping and water level data on the wells. When the Old 
Well was pumping at 390 US gallons (1.48 cubic meters) per minute it drew down 9.5 feet 
(2.9 meters). The static water level in the New Well, 25 feet (7.6 meters) away, only drew 
down 1.7 feet (0.52 meters). When the New Well was pumping at 460 US gallons (1.74 
cubic meters) per minute it drew down 20 feet (6.1 meters). The drawdown in the static 
level in the Old Well was 1.8 feet (0.55 meters) at the same time. These data show that the 
hydraulic conductivity is excellent in this aquifer and that the wells zone of influence is 
probably less than 100 feet (30 meters) from the wells. 
 
The aquifer is classed as IIIA using the BC aquifer classification system.  
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Introduction 

 
The Silverton aquifer is located in the West 
Kootenay region of south-eastern British 
Columbia. It is an outwash delta formed by 
coarse sediments deposited by Silverton 
Creek as it leaves the igneous and 
metamorphic bedrock of the Selkirk 
Mountains at the “Notch” and enters Slocan 
Lake. It forms the relatively flat area upon 
which the Village of Silverton was built and is 
completely within the village boundary 
(coloured outline on the map at right). The 
Silverton Aquifer provides the Village of 
Silverton with its drinking water. 
 
The Village wells are located 180 meters from 
the Notch. The distance from the Notch to the 
lake shore is 640 meters. 
 
The aquifer is composed of gravel with boulders and cobbles but has minor horizontal 
interbeds of discontinuous sands, silts and clays. The aquifer is not directly connected to 
any significant aquifers in the valley upstream. It is classed as an unconfined aquifer 
because it has no confining clays above it. 
 
The water within the aquifer is supplied by Silverton Creek as it flows across the gravel 
that is exposed in the creek bed. The water within the aquifer flows outward laterally from 
the creek and then turns toward the west where it discharges into Slocan Lake below the 
lake surface. 
 
The aquifer is extremely important to the residents of the Village as it is their water supply. 
Previously the village used surface water from Bartlett creek and the ability to return to 
that system is still possible in the event of a catastrophe but using naturally filtered 
subsurface water is preferable to using easily contaminated surface water.  
 
Opus Petroleum Engineering Ltd. was retained by the Slocan Lake Stewardship Society to 
provide a hydrological study of the Silverton Aquifer. This study is based upon public data, 
Village data, personal communications and personal observation. The Village provided the 
author access to all of its files and personnel, including historical pumping data.  Leonard 
Casley, Public Works Foreman of the Village, was especially helpful. The author also spoke 
to Tim McCrory, the independent electrician who installed the pressure recording 
equipment in the Village wells. Water quality monitoring data of Silverton Creek was 
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provided by the Slocan Lake Stewardship Society. The hydrogeology of the aquifer was 
interpreted by the author based upon the above data, personal knowledge of the geology of 
the area and published reports (See bibliography). This report addresses the water quality, 
quantity and the potential threats that could contaminate the water. Terms used in this 
report that are in italics are defined in the Glossary. 

Conclusions 

 
 All of the water in the Silverton aquifer comes from Silverton Creek. 

o Climate change could impact the amount of water in the creek. 
o If Silverton creek were to dry up, the aquifer would receive water through 

reverse flow from the lake. 
 The aquifer is very susceptible to contamination from material spilled into the 

watershed and creek. 
 The aquifer has a very high hydraulic conductivity and recovers very quickly after 

pumping. 
 The zone of influence of the village wells is less than 100 feet (30 meters) from the 

wells. 
 The Village wells do not remove a significant amount of water from the aquifer 

when compared to the total volume in the aquifer. 
 The Village wells are not very vulnerable to contamination from within the Village 

o They are protected from contamination from north of the creek by the 
constant inflow of water from the creek which pushes contamination 
northward. 

o The wells pump from deep within the aquifer. Contamination from the 
surface near the wells would be confined to the top of the water table and be 
moved away from the wells by the constant flow of water toward the lake 
within the aquifer. 

o The depth of the wells helps the gravels and sands to filter any contamination 
before it reaches the intake screen of the well. 

 Recommendations 

 
 Continue to avoid surface spills in the area around the wells. 
 Monitor any activity in the watershed that could cause contamination of the water. 

o Monitor mining, logging, recreation, construction and all surface 
disturbances in the watershed. 

o Maintain the health of wetlands in the watershed. 
 Continue water monitoring of Silverton creek. 

o The creek flow measurements should be made near the point where the 
pipeline crosses the creek. The flow is laminar at this point and the full 
volume of water exiting the valley is not yet influenced by percolation of the 
water into the aquifer.  
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Discussion 

 

Geology 

Topographic Setting 

 
The Silverton watershed is defined by the ridges and mountains that surround Silverton 
Creek and its tributaries. The map (below, left) shows the location of the Silverton 
Watershed (lilac) in relation to the Slocan River watershed (dark green). 
 

 
The boundary of the Silverton Creek watershed is shown by the red outline on the map 
(above, right) and the Silverton aquifer underlays the yellow. All rain and snow that falls 
inside the boundary either returns to the atmosphere through evaporation or makes its 
way to the Silverton aquifer. Evaporation and transpiration, the loss of water vapour 
through growing plants, both play a large role in determining how much water reaches the 
aquifer. Water flow within the watershed is slowed by soil, wetlands and aquifers in the 
watershed. There is only one significantly sized aquifer in the watershed and it is not 
directly connected to the Silverton aquifer (See companion report, Johnson, 2016) 
 
A good description of all of these processes can be found in the report called “The 
Groundwater Bylaws Toolkit” published by the Okanagan Basin Water Board. The 
bibliography has a link to the website where this document can be found. 
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Regional Geology 

The fluvial delta upon which the Village is 
built was probably created in the last 
10,000 years, since the last continental ice 
sheet melted. Sediments carried down the 
valley by glacial meltwater, and later by 
ordinary creek water, dropped out of the 
water as the creek slowed when it reached 
the delta. The movement of the ice sheet 
probably removed any previous delta that 
had been deposited. Since the ice melted, 
Silverton Creek has been eroding glacial 
deposits, land-slides and talus slopes and 

dropping the rocks, gravel and sand on the delta. Water carries silt and clay particles and 
these are carried out into the lake. The meandering of the creek across the delta formed a 
relatively flat surface. The steep surface just off-shore where the slope of the surface is 
based upon angle of repose (see Glossary) of rocks in water is locally called the “drop-off”. 
The yellow outline on the map above shows the visible top surface of the aquifer.  
 
The picture on the front cover shows a modern day delta forming from the Rendu Glacier in 
Alaska. 
 

Aquifer Geology 

 
 
The eastern-most point of the delta 
starts where the creek leaves the steep 
sided notch in the bedrock. This can be 
seen immediately upstream of where 
the water lines from the village 
reservoir tank cross the creek. From 
that point east, up the creek about 100 
meters, there are numerous bedrock 
outcrops. The picture at left shows the 
view looking east from the pipeline 
crossing. 
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The picture at left was taken looking in 
the opposite direction and shows the 
“Notch” in the bedrock through which 
Silverton Creek exits the valley and the 
outwash delta begins. The picture was 
taken looking west from a point about 
100 meters east of the previous 
picture. The pipeline crossing is shown 
by the white structure, the line cover, 
above the creek. 
 
 
 
 
 

 
 
If we were to slice the delta vertically at the red line shown on the picture below we would 
get a cross section similar to that illustrated by the “West to East Cross Section“ on the 
following page. 
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The cross section above shows a west-east slice from the lake to the Notch. The 
continuation of the bedrock upon which the delta sediments were deposited is shown as a 
slope at an angle similar to that exposed on the sides of the valley. The exact angle is not 
crucial to the calculations in this report. The sediments (mostly gravel with interbeds of 
sand and silt) that were deposited in the delta at the mouth of Silverton Creek make up the 
Silverton Aquifer, as it lies on the bedrock. The sediments have an angle of repose of slightly 
less than 45 degrees to the horizontal. This can be seen in the lake and is commonly called 
“the drop-off”.  
 
Thus the delta underlying the Village is composed of the large detrital material that has 
been carried down by the creek. Over time topsoil has built up both naturally and 
manmade (yellow on the picture on the previous page) which covers the coarse material so 
people driving through the Village do not notice the nature of the underlying deposit. But a 
look at the creek-bed from the highway bridge or a look into an excavation for a basement 
reveals the aquifer composition. 
 
Wells drilled in British Columbia normally have a driller’s log submitted to the province 
after the well has been drilled. This describes the type of material and the depth that it was 
found as recorded by the water well driller when the wells were drilled. No logs were 
found in the provincial database. The Village has a report (Kala, 1988) on the first well, the 
“Old Well” , that contains the driller’s litholog. It is included here as Table 1. It shows that 
the aquifer is composed of gravel, sand silt and minor clay. The nature of this type of 
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deposit is that the sands, silts and clays bands are discontinuous, tabular beds of limited 
areal extent. 
 
The flat area of the village is the surface of the aquifer. The edge can be seen by the 
dramatic increase in the slope of the land at the edges of the delta. These can be seen as one 
leaves town going south behind the Silverton Hotel and going north where the highway 
leaves town and immediately turns west to get around the bedrock and glacial till. From 
those two points the margin of the aquifer follows the edge of the steep banks eastward to 
the Notch, forming a triangle, hence the word “delta”. 
 
The aquifer is approximately 0.36 square kilometers in areal extent and has a perimeter of 
2.6 kilometers. 
 
The depth of the sediment in the delta is a function of the distance westward from the 
Notch. One can estimate this depth by projecting a line from the edge of the delta with a 
slope that approximates the slope of the bedrock above the delta. (See cross-section). 
The actual depth and the volume that can be calculated from that projected surface is 
insignificant in understanding the aquifer because it is only the upper portion of the aquifer 
that is affected by the fluctuations of the water table. 
 
 

Hydrology 

Water Source 

Silverton Creek is fed by rainfall and snow melt from the Silverton Creek watershed. A 
report on this watershed by Opus Petroleum Engineering Ltd. (Johnson, 2016) describes 
the characteristics of this watershed. Of significance to this report is the fact that there are 
no large aquifers in the watershed that are directly connected to the Silverton aquifer, so all 
of the water in the aquifer is supplied by Silverton Creek, after it leaves bedrock at the 
notch.  
 
There is little storage of water in the watershed because there are no large aquifers in it. 
What storage exists is supplied by the thin soil zone, several lakes and wetlands and small 
aquifers that run along the valley bottoms. These provide small reservoirs which slow 
down the rate at which the water runs out of the valley. It is important that the watershed 
have a means of slowing down the runoff after a rainfall to keep the water supply to the 
aquifer as clean as possible. 
 
When Silverton Creek exits the valley at the Notch and enters the delta, it runs over a very 
permeable gravel deposit which readily admits water. As long as the creek supplies more 
water than the amount removed by the village pumps, assuming that there are no more 
wells drawing water from the aquifer, then the flow of water downward from the creek 
into the aquifer will continue to be the source of recharge for the aquifer (See the following 
section, Water Movement).  



The Hydrogeology of the Silverton Aquifer 
 

 Page 10 Opus Petroleum Engineering Ltd.
 

 
This recharge will continue to maintain a slope on the surface of the water table because 
the slope of this surface is related to the velocity of the flow toward the outlet, which is the 
area or ‘face’ of the unconfined aquifer that is in contact with the lake. (We are neglecting 
the small amount of water that may reach the aquifer from a heavy rainfall in the Village.) 
 
But what happens when the creek no longer supplies enough water to supply the village? 
This could happen under prolonged drought, perhaps caused by climate change. In this 
case we would see a reverse flow where the lake would be the source of the water and the 
slope of the water level in the aquifer would be towards the east and water would flow 
toward the wells from the west. The top of the screens in the wells is about 130 feet (40 
meters) below the wellhead so as long as the lake level does not drop below this depth the 
wells will not ‘run dry’. 
 

Water Movement 

The Silverton Aquifer, being composed of sands and gravel is easy for water to flow 
through. The water flow within the aquifer is nearly horizontal from the east at its initial 
source of recharge from the creek, or laterally from the creek bed as it wends its way to the 
lake. Any fine sand and silt beds that will impede the flow of water vertically are in 
horizontal lenses so they do not have much effect on the horizontal flow. 
  
The hydraulic conductivity of an aquifer can be calculated from water level changes in the 
well in the short time, immediately after starting or stopping a pump. During the pump test 
in 1988, when the well was first completed the well reached maximum drawdown within a 
minute and completely built back up to static level within three minutes (See Table 2). This 
is extremely high hydraulic conductivity. For the purpose of this study we do not need to do 
an exact calculation of the hydraulic conductivity because the amount of water delivered by 
the wells is limited by the capacity of the pumps, not the aquifer.  
 

The table to the left, from Heath (2004), shows 
some typical hydraulic conductivities of various 
rocks or sediments. The circle shows that gravels 
have hydraulic conductivities that allow water 
velocities in the aquifer to vary from 100 meters per 
day to over 1 kilometer per day. This explains the 
rapid return to static water level when the pump 
stops and the steepness of the sides of the cone of 
depression.  
  (Expanded view below) 
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The reverse of the cone of depression 
(see Dynamic Water Level later in this 
report) around a pumping well occurs 
under the creek. Because of the high 
hydraulic conductivity of the gravel the 
water easily moves downward and 
outward. The diagram at right shows the 
general location of the saturated and 
unsaturated gravels beneath Silverton 
Creek.  
 
In real life vertical movement of water in 
sediment, because of horizontal beds of 
sand, will have some lateral flow under a 
creek. 
 

Water Volumes 

 
The volume of water in the aquifer cannot be estimated based upon the current data 
because the depth to the surface of the bedrock covered by the delta is unknown. The 
surface area of the delta can be used to give us an approximate value for the volume of 
water in a meter thick layer of the aquifer. With an area of 0.36 square kilometers, a one 
meter thick layer has a volume of 360,000 cubic meters. Gravel has a porosity varying from 
24% to 40% (Manger, 1963). If we use a conservative value of 25% the volume of water is 
then about 90,000 cubic meters (24 million U.S. gallons). The water level rise during spring 
freshette in 2014 was 1.4 meters. This means that about 34 million US gallons of water was 
added to the aquifer.  
 
Table 8 in Appendix B is data that has been recorded by the Slocan Lake Stewardship 
Society under its current Water Quality Monitoring Program of Silverton Creek. The flow 
rate has been measured at the footbridge, about 190 meters downstream from the highway 
bridge and 200 meters upstream from the lake. The lowest flow rate measured was 1.75 
cubic meters per second which equals about 151,000 cubic meters per day (40 million US 
gallons per day). The highest rate was 5.4 cubic meters per second, about 467,000 cubic 
meters per day (123 million US gallons per day).  
 
The daily volume of water pumped from the wells varies from about 57,000 US gallons 
(206 cubic meters) in the winter months to a maximum of 265,000 US gallons (1003 cubic 
meters) in the summer. This latter volume is about 1% of volume in one meter thickness of 
the aquifer. However, since the aquifer is constantly being replenished by the creek, there 
is no measurable change in the water table after a heavy day of pumping. The pump in the 
Old Well produces at about 390 US gallons (1.48 cubic meters) a minute. The pump in the 
New Well produces about 460 US gallons (1.74 cubic meters) a minute. So even at times of 
heavy usage the pumps work less than 10 hours in a day. 
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Analysis of village well data 

 
Silverton Water System 

The Village of Silverton has two drilled wells, 25 feet (8 meters) apart, which provide all of 
the water for the Village water system. There are no other wells within the Village 
boundary recorded on the provincial government database. 
 
The wells were drilled to approximately 48 meters (157 feet) and cased with steel pipe. A 
diagram for the old well (from Kala, 1988) is shown as Table 3 in Appendix C. The water 
enters the casing through a screen at the bottom of the well. Each well has a downhole 
electric pump which delivers the water to the surface and then through a pipeline to the 
reservoir tank which is located above the Village just north of the Notch. Only one well is 
pumped at a time and this meets the needs of the village even during the days of highest 
demand in summer. The pumps run less than 5 hours on most days. 
 
The pump in the Old Well delivers water at an average rate of about 390 US gallons (1.48 
cubic meters) per minute. When it is pumping the water level in the Old Well drops 9.3 feet 
(2.8 meters). The New Well water level drops only 1.8 feet (0.55 meters) when the old well 
is pumping. 
.  
The New Well pumps water at a rate of 460 US gallons (1.74 cubic meters) a minute. When 
the New Well is pumping, the water level in it drops 12.3 feet (3.7 meters). The water level 
in the Old Well drops 1.7 feet (0.52 meters)when the New Well is pumping. 
 
The elevation of the Bench Mark, located in the south end bridge abutment of the highway 
bridge crossing Silverton Creek (see Table 5, Appendix C) is 552.1 meters above sea level 
(ASL). The elevation of the  wellhead is estimated to be 555 meters ASL.  (In 2013 the sea 
level reference was changed. The old reference has been used in this report because other 
elevation sources are still using the old reference.) See Table 6 for elevations. 
 
The fluid level in 1988, when the Old Well was pump tested, was 19 meters below the top 
of the casing (see Table 2 and Table 3). The elevation of the water table, using that depth 
and the estimated elevation of the top of the casing, was about 536 meters, which was 
probably close to lake level, although we do not have lake levels for 1988.  
 
The high water level of Slocan Lake is set at 537.5 meters ASL. The water in the lake only 
reaches the high water level for a few days (See Graph 2, Appendix B). The level of the 
water in the creek, offsetting the wells is about 4 meters lower than the wells. See Table 6, 
Appendix C for more measurements and calculations concerning the aquifer. 
 
The fluid level is read from an electronic meter which was set to the depth of the pressure 
transducer when it was installed (Personal communication with Tim McCrory, the 
electrician who installed the equipment). No record was found of the water level in either 
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well when the pressure recorders were installed. Table 4 shows the fluid level and 
pumping data recorded by Village employees during 10 months of 2014.  
 
 
 

Static Water Level 

As previously noted the electronic readout does not measure the actual water level in each 
well but measures changes to the water level based upon the depth at which the transducer 
was set. This means that the changes in the depth reading on the meter are real changes in 
the elevation of the water level but are not the true “depth to water”. This still gives us 
useful information because the change in the water level shows the connection of the wells 
to the creek. A plot of this water level change illustrates the connection. 
 
The graph at the right shows 
the change in the static water 
level over the period March 4, 
2014 to December 16, 2014. 
The water level in the Old Well 
(blue bars) rose about 4 feet 
(1.2 meters) during the spring 
freshette. The grey bars on the 
graph are for the New Well. 
This rise was 4.5 feet (1.4 
meters). Both wells are about 
30 meters from the creek. The 
New Well is about 25 feet (8 
meters) closer to the lake than 
the Old Well. (See Graph 1 in 
Appendix B for a larger 
version of this graph.) 
 
 
 

 
 
It is interesting to compare the rise in 
water level in the lake to the rise in water 
level in the wells. Henning Von Krogh has 
been recording the elevation level of 
Slocan Lake at New Denver since 
December 2015. The graph on the left 
shows these elevation changes. (See Graph 
2 in Appendix B for a larger version of this 
graph.) 
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Although the graph of the water level in the wells is for 2014, one can see the rise in the 
lake level due to the snow melt and the spring rains. The rise was about 1.8 meters (5.5 
feet) in both 2015 and 2016. 
 
 
It is unfortunate that we do not have lake water levels for 2014 so that we could compare 
the two graphs directly.  If the rise in the lake level was similar to that shown for 2015 and 
2016 then the rise in the water table at the wells is less, which is what is expected because 
the tilt in the water table is controlled by the two “ends” of the table. Referring back to the 
East to West Cross Section, the lake “end” of the water table rises but the creek “end” at the 
Notch remains unchanged. This is similar to raising one end of a lever. The water table rise 
is approximately proportionate to the distance from the fixed end, i.e. the Notch. 
 
 
 

The graph on the left is meteorological 
data for the 2014 calendar year. The 
data was obtained from the 
Environment Canada Website, 
http://climate.weather.gc.ca/historical
_data/search_historic_data_e.html 
The graph shows the total precipitation 
(rain and snow) in blue, the depth of 
snow on the ground (orange) and the 
mean daily temperature (pink). The 
data is for the weather station in New 
Denver, but gives an idea of the amount 
of rain involved, the timing of the snow 
melt and the rise in temperature which 

would be melting the snow at the higher elevations. 
 
The snow was gone in March in New Denver. The pink lines are the daily air temperature, 
which reaches its maximum in July and August. The blue lines show daily precipitation.  
From this graph we can see why the freshette occurs by the melting of the snow at higher 
elevations in the Silverton Creek watershed combined with the large number of rainfalls in 
April of 2014. 
 
Larger versions of all three of these graphs are included in Appendix B. 
  

http://climate.weather.gc.ca/historical_data/search_historic_data_e.html
http://climate.weather.gc.ca/historical_data/search_historic_data_e.html
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Dynamic Water Level 

The diagram on the left shows  the Silverton 
water wells drawn to scale. The Static Water 
Table is approximately the level of Slocan Lake. 
When the wells are not pumping the water 
table is level, at the scale of the diagram. 
 
When the New Well starts to pump the level of 
the water quickly drops  to the stable “pumping 
level” which is approximately 20 feet (6.1 
meters) lower than the static level. This forms a 
cone of depression around the well. This is 
illustrated in the lower diagram on the left. 
This cone stays stable as long as the well is 
pumping but almost immediately returns to the 
static level when the well stops pumping.  
 
The oval in the lower diagram represents a 
cross section of the volume of aquifer that 
would be drained if the well produced 400,000 
US gallons (1515 cubic meters) of water. This 
would represent an abnormally high day of 
pumping. The radius is about 33 feet (10 

meters) 
 
When the well is pumped the water moves in 
from all sides and also from above and below 
the screen. The diagram assumes that the gravel 
is uniform in all directions and has a porosity of 
25%. One is to visualize that the diagram 
represents a cylindrical volume around the 
screened area with a hemisphere on the top and 
bottom. 
 
Table 4 shows the maximum day volume 
pumped during the ten months that we have 
data for in 2014 to be 487,584 US gallons in 
July. That day was unique for the 2014 data and 
it would expand the radius shown in the 
diagram from 10 meters (33 feet) to 10.7 
meters (35 feet). 
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The diagram on the right, from the 
Kentucky DEP (Operation Matters 
Blog, 2012) shows the cone of 
depression in a sand cross section. 
It shows that when a well has 
been pumping at a steady rate 
long enough for the cone to be 
stable, and then shut in, the cone 
will fill in over time, so that the 
water again reaches its static level. 
This diagram shows time to refill 
the cone takes over five months in 
this example of an aquifer with a 
small hydraulic conductivity. 
 
It is important to note that, although the surface of the water table drops when the well is 
pumping, the water from the surface is not entering the well. The water is moving in from 
the surrounding aquifer.  
 
Table 2 in Appendix C shows the water level when the well was first tested after it was 
drilled. It shows that the water level in the Old Well fell to its stable pumping level within 
the first minute after starting the pump. When the pump was stopped the water level in the 
well returned to its pre-pumping level within three minutes. This indicates that the cone 
forms and fills within minutes of the start or stop of the pump. So the cone of depression 
diagram for the Silverton Aquifer would show water level returning to the static level 
within three minutes not months, as it does in the example above.  
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The above graph contains the same data as the previous graph of Static Water Level but the 
water levels recorded  when a well was pumping have been added. The drawdown in the 
new well (grey bars on the graph), is greater because the pump produces about 460 US 
gallons (1.74 cubic meters) per minute while the old well (dark blue bars) only pumps at 
about 390 US gallons (1.48 cubic meters) per minute. When the old well is pumping the 
water level is only about 9.5 feet (2.9 meters) lower than the static level while the level in 
the new well, 25 feet (8 meters) away, is 1.7 feet (0.52 meters) lower than the static water 
table. In the later part of the year, when the new well is pumping the drawdown in it is 
about 20 feet (6.1 meters) lower than the static level the previous day, while the old well is 
about 1.8 feet (0.55 meters) lower than the static level the previous day. (See Graph 4, 
Appendix B for a larger version of this graph.) 
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Water Quality 

 

SLSS is monitoring Silverton Creek in collaboration with the Village of Silverton and the 
Columbia Basin Water Quality Monitoring Program (WQMP), using the WQMP protocols 
and equipment. Some of their results from 2015 are included as Tables 8 in Appendix C. 
The water quality meets all relevant standards. 
 
 

Monitoring 

 
The community needs to continue water quality and quantity monitoring to ensure that the 
water in Silverton creek is protected. These data collected over time form the basis upon 
which changes in the status of the watershed can be measured. 
 
The entire watershed from which the Village gets its water needs to remain free from 
contamination that could be harmful to the people that are relying on this water. It is 
recommended that the monitoring station site for flow rates be moved to the point where 
the pipeline crosses the creek. The flow is laminar at this point and the full volume of water 
exiting the valley is not yet influenced by percolation of the water into the aquifer.  
 

Vulnerability to Contamination 

 
The aquifer is unconfined and therefore any significant surface spill will make its way to 
the aquifer, but the actual risk to the Village from spills within the Village is small because 
of the location of the wells. The Village wells are protected from contamination from the 
area north of the creek because water flow into the aquifer moves outward from the creek, 
pushing any contamination on the north side of the creek away from the wells. By the same 
dynamics flow into the aquifer from the creek beside the village wells pushes the water to 
the south. There are no residences between the creek and the wells so most of the houses 
and developed land on the south side of the creek are “downstream” from the wells. 
Downstream, in this case, means relevant to the flow of water in the aquifer.  
 
But the aquifer is highly vulnerable to any contamination within the Silverton Creek 
watershed. For instance, a fuel spill upstream of the Village, such as the one that happened  
in Lemon Creek in 2013, would immediately travel down the creek and enter the aquifer. 
Since the wells are so close to the creek one would expect almost immediate contamination 
of the well water should the wells continue to be pumped after the spill occurred. 
 
It is recommended that the Village monitor any activities occurring in the watershed to 
ensure the quality and quantity of is drinking water supply. 
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Aquifer Protection 

The flow of water within the Silverton Creek Aquifer is outward from the creek and 
westward toward the lake where it discharges into the lake. Most of the discharge is not 
seen because it occurs below the water level in the lake.  
 
Since the water flow is outward from the creek any influx of fluids from the surface (e.g. 
fertilizer, fluid spills) is pushed away from the creek by the subsurface water flow. This 
creates a natural protection for the village wells because the flow is from the creek to the 
wells and most of the water coming into the wells is from deep within the aquifer and from 
a very close proximity to the wells (less than 100 feet (30 meters) at current pumping 
rates.) 
 
The Well Protection Toolkit (see bibliography) presents the well protection planning 
process in six steps: 
1. Form a community planning team; 
2. Define the capture zone (recharge area) of the community well; (called zone of influence 
in this report) 
3. Map potential sources of pollution in the capture zone; 
4. Develop and implement protection measures to prevent pollution; 
5. Develop a contingency plan against any accidents; and  
6. Monitor, evaluate, and report on the plan annually. 
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Silverton Aquifer Classification 

Classification of Aquifers 

 
 
The Province of BC has set out 
guidelines for classifying aquifers in 
B.C. using numerous components 
(Kreye, R., Ronneseth, K. and Wei, M., 
1994). These components take into 
account the type of aquifer and the 
vulnerability of the aquifer to 
contamination.  The diagrams on this 
page show how the system is 
organized. 
 
 

 

 

Classification Component 

Development Sub-class = III 
Vulnerability Sub-class = A 
Aquifer Class = IIIA 
 

 

 

Ranking Component 

Productivity = 3 (High abundance of water) 
Vulnerability = 3 (High potential for water 
degradation) 
Size = 1 (less than 5 square kilometers) 
Demand = 3 (High reliance on the resource for 
supply) 
Type of Use = 3 (diversity of resource)  
Quality Concerns = 2 (local, not regional 
concern) 
Quantity concerns = 2 (local, not regional) 
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Glossary 
 

Angle of repose 

The angle, measured from the horizontal, at which the material is stable. Scree slopes have 
different angles of repose, depending upon the rock from which they came. For example 
shale scree has a lower angle of repose than blocky limestone. 
 
Bench Mark 

A permanent monument or tablet installed by an authority, usually the Canadian Geodetic 
Survey, the precise elevation of which has been measured and recorded. 
 
Cone of depression 

The surface of the saturated zone (water table) around a pumping well. It becomes a 
conical depression when the well is pumping. 
 

Freshette 

Period of time in spring when snow melt combined with rainfall creates high water flows in 
creeks and rivers and lake levels rise. 
 
Hydraulic Conductivity 

The rate at which water moves through the aquifer. It is measured in distance per time 
such as meters per day or feet per minute. 
 
Static Water Level 
The level of the water when the well is not pumping. 
 
Water table 

The surface of the water (saturated zone) in an unconfined aquifer. 
 
Watershed 

The area of land within which any rainfall tends to flow toward a common discharge point. 
 
Zone of Influence 

The distance from a pumping well where the drawdown is less than 1% of the total 
drawdown. Also called area of capture and radius of influence. 
  



The Hydrogeology of the Silverton Aquifer 
 

 Page 23 Opus Petroleum Engineering Ltd.
 

 

 

Appendix A 
 
 
 

Map 1 - Location Map of Silverton 

 

Map 2 – The Silverton Creek Watershed 

 

Map 3 – Areal extent of Silverton Aquifer 
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Appendix B 
 

Graph 1 Static Water Level Comparisons 

 

Graph 2 Slocan Lake Water Levels 2015 and 2016 

 

Graph 3 Temperature and Precipitation Data 2014 

 

Graph 4 Pumping and Static Water Level Comparisons 
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Graph 1 Static Water Level Comparison 

Appendix B 
 

 

 

 

  



The Hydrogeology of the Silverton Aquifer 
 

 Page 29 Opus Petroleum Engineering Ltd.
 

Graph 2 Slocan Lake Water Levels 2015 and 2016 
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Graph 3 Temperature and Precipitation Data 2014 
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Graph 4 Pumping and Static Water Level Comparisons 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



The Hydrogeology of the Silverton Aquifer 
 

 Page 32 Opus Petroleum Engineering Ltd.
 

Appendix C 
 
 

Tables and Diagrams 

 
Table 1 Drillers Litholog 

 

Table 2 Pumping Drawdown and Buildup 

 

Table 3 Well Diagram 

 

Table 4 Water Level and Pumping Data 

 

Table 5 Canadian Geodetic Survey Bench Mark Data 

 

Table 6 Silverton Aquifer Metrics 

 

Table 7 1988 Water Chemistry Analysis 

 

Table  8   SLSS data: Flow Rates, Non-metal water chemistry, Metal Chemistry 
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Table 1 
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Table 2  (1/2) 
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Table 2 (continued2/2) 
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Table 3 
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Table 4  (1/3) 
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Table 4 (continued 2/3) 
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Table 4 (continued 3/3) 
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Table 5 

Canadian Geodetic Survey Bench Mark Data 
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Table 6 
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Table 7   (1/2) 

1988 Water Chemistry Analysis 
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Table 7 (continued 2/2) 
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Table 8   (1/3) 

Water Chemistry, Silverton Creek (from Slocan Lake Stewardship Society) 

Flow Rates 
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Table 8 (continued 2/3) 

Water Chemistry, Silverton Creek (from Slocan Lake Stewardship Society) 

Non-Metals 
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Table 8 (continued 3/3) 

Water Chemistry, Silverton Creek, from Slocan Lake Stewardship Society 

Metals 
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