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Background 

 Environment Canada and the University of 
Western Ontario investigated groundwater flow and 
groundwater quality conditions at two sites at 
Sauble Beach during July 2011.  The study at 
Sauble Beach is part of our on-going research at 
beaches of the Great Lakes to understand (1) 
various processes and factors that influence the 
quality of the near-shore lake water, (2) sand 
conditions and physical quality of beaches, and (3) 
the groundwater flow and chemistry below beaches. 
Or simply, to determine why some beaches of the 
Great Lakes are better than others.  

 Sauble Beach was selected as a study site 
because of our on-going collaboration with the Lake 
Huron Centre for Coastal Conservation, and the 
Friends of Sauble Beach. Both organizations have 
been working to restore the sand dunes and beach. 
We propose to supplement this work by examining 
the water quality of the groundwater below the 
beach and see if there is a relationship between 
dune development and restoration and the quality 
of the groundwater below the beach. 

 

Location of Field Sites 

 Two sites were selected for our groundwater 
study, representing different physical conditions and 
impacts from people. The first site is located just 
north of the on-the-beach parking areas between 
Second Street and Mildmay Lane.  The second site 
is located about 2.5 km north of the first site, 
approximately 150 m south of Sauble Falls Road 
(Figure 1).  These sites are be referred to as the 
“south site” and the “north site”, respectively.  The 
north site has extensive natural dunes, fewer beach 
visitors, residences are further from the shoreline, 
and there are generally no signs of environmental 
problems such as iron staining on the sand.  The 
south site has limited natural dunes, more visitors, 
residences are closer to the shoreline, and the 
beach exhibits iron staining. 

 

Methods 

 At both the south and north sites, groundwater 
characteristics were studied in a line perpendicular 
to the shoreline, and from the shoreline into the 

dunes. Field work consisted of digging a series of 
boreholes, installing piezometers and water table 
wells (Figure 2).  Measurements included, depth to 
the water table, elevation of the water table, 
elevation of the beach surface, lake levels, grain 
size, and hydraulic conductivity.  Groundwater 
samples were collected for analyses of E. coli.  An 
investigation of groundwater-lake interaction and 
nutrient conditions at the shore was undertaken at 
the north site by installing groundwater samplers 
and manometers up to 3 meters below the water 
table, and a few meters offshore.  

 

Results 

Beach Characteristics 

 Sauble Beach is composed primarily of fine 
sand.  Both sites exhibit a wide and flat beach, 
approximately 1.0 to 1.5 m above the surface of the 
lake (Figure 2).  Dunes are present at the inland 
edge of the beach, rising 3 to 4 above the beach.  
The fore dunes begin approximately 90 m from the 
shoreline at the south site and approximately 70 m 
from the shoreline at the north site the dunes.   

 

Groundwater Flow Characteristics 

 The depth to the water table below the beach 
varies between the sites (Figure 2).  The water 
table ranges from approximately 15 to 45 cm deep 
at the south site, between the shore and edge of 
the fore dunes.  The water table ranges from 
approximately 22 to 69 cm deep at the north site, 
between the shore and edge of the fore dunes. The 
water table slopes towards the lake at both sites.  
However, the slope of the water table varies 
between the two sites; 0.0155 at the south sites and 
0.00921 at the north site.  Hydraulic conductivity of 
the sand was measured at several locations at the 
north site, resulting in geometric mean hydraulic 
conductivities of 1.3x10

-2
 cm/s for the beach sand 

and 7.0x10
-3

 cm/s for the sand in the dunes.  
Because the water table is steeper at the south site, 
the hydraulic conductivity here will be lower than 
the north site due to either finer sand grains or a 
greater compaction of the sand.  
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Groundwater Quality 

 E. coli was detected in the groundwater below 
the beaches at both the south and north sites 
(Figure 3).  However, the frequency of E. coli 
detected and the E. coli levels are much higher at 
the south site.  The maximum concentration of E. 
coli detected at the north site was 48 MPN E. coli 
per 100 mL.  At the south site, E. coli levels in most 
ground water samples were greater than 48 MPN 
E. coli per 1100 mL, with a maximum concentration 
of over 2424 MPN E. coli per 100 mL. Also, at the 
south site concentrations of E. coli generally 

decreased away from the shoreline.   

 Nutrients in the groundwater below the beach 
(north site only) were generally not elevated relative 
to the lake water.  The maximum concentration of 
phosphate (P) in the groundwater was 35.6 µg/L 
compared to 23 µg/L in the nearshore lake water.  
The maximum concentration of nitrate (NO3

-
) was 

1.3 mg/L in the groundwater compared with 1.1 
mg/L in the nearshore lake water.  The maximum 
concentration of ammonium (NH3) was 1.05 mg/L in 
the groundwater.  Ammonium concentrations were 
negligible in the lake water as this surface water 
has a high dissolved oxygen level.  The maximum 
concentrations of nutrients were observed in the 
groundwater below the shoreline.  This is also in the 
area where the maximum groundwater discharge to 
the lake occurs. Assessing the sources of the 
nutrients in the groundwater was beyond the scope 
of this study.  Possible sources include (1) nutrient-
rich inland groundwater flowing through the beach, 
(2 lake water infiltrating and recirculating through 
the beach, or (3) infiltration of rain water and 
associated nutrient surface sources on the beach 
(e.g., gull and geese feces) into the groundwater. 

 

Discussion 

 The groundwater conditions observed at both 
the south and north sites at Sauble Beach are 
similar to what we have observed at other beaches 
around the Great Lakes with a generally flat 
topography.  The generally low and flat surface of 
the beaches, the shallow water table (generally less 
than 0.6 m), fine sand, and moist to wet sand 
conditions near surface, would classify both 
beaches as wet beaches.  The wet beach ends at 
the base of the fore dunes.  As with all beaches of 
the Great Lakes, groundwater below Sauble Beach 
will flow towards the lake throughout the year.  The 
slope of the water table and hydraulic conductivity 
of the sand are within the ranges of values 
observed at other beaches.  Groundwater velocities 
below the beach are estimated to be 0.26 m/d at 
the north site and 0.44 m/d at the south site on the 
day that the field work was undertaken. 

 The concentrations and pattern of E. coli varied 
between the north and south site, but are still 
similar to what have we observed in the 
groundwater below other wet beaches; low levels 
(i.e., less than 200 E. coli per 100 mL) in most 
groundwater samples.  E. coli is typically present in 
the groundwater at wet beaches because a high 
moisture content in the sand above the water table 
and a shallow water table provides conditions that 
are favourable for the transport of infiltration and E. 
coli from the beach surface to the water table.  This 
study was not designed to identify the sources of 
the E. coli in the groundwater below Sauble Beach.  
However, based on our past studies at other wet 
beaches, E. coli in the groundwater below beaches 
primarily reaches the water table during infiltration 
of water from the beach surface, and can occur in 
two ways.  First, infiltration of precipitation and 
corresponding transport of E. coli from surface 
sources (e.g., gull and geese feces). Secondly, 
infiltration of lake water, which typically contains E. 
coli, that floods a beach during periods of high wave 

activity including storms. 

 The south portion of Sauble Beach exhibits 
higher concentrations of E. coli in the groundwater 
than were observed in the north portion of Sauble 
Beach.  This was not unexpected because of the 
difference in the physical environments and 
numbers of people and gulls observed.  The south 
site has a shallower water table, thus more 
susceptible to infiltration from surface sources. 
Also, more gulls were observed at the southern 
portion of Sauble Beach (corresponding to 
increased numbers of people), leading to potentially 
more sources of E. coli on the beach surface.  

 

Conclusions 

 The quality of the sand and groundwater below 
the beach in the north is better than that in southern 
Sauble Beach.  The south site exhibits wetter sand, 
iron staining, more gulls and elevated levels of E. 
coli in the groundwater.  The north site exhibits drier 
sand, no iron staining, fewer gulls, and lower levels 
of E. coli in the groundwater.  The differences are 
due to the physical conditions of the beach and 
dunes, the groundwater conditions below the sites, 
and impacts by people.  The beach and dunes of 
the northern portion of Sauble Beach was observed 
to be in an environmentally healthier state than the 
south, with more extensive dunes, and a deeper 
water table.  Beaches throughout the Great Lakes 
with a deep water table (~1 m or greater) and well 
developed natural dunes and dune vegetation at 
the inland edge of the beach typically have better 
water quality and sand conditions.  
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Recommendations 

This study was not designed to investigate or 
identify the sources of E. coli, so we can not define 
the source of the E. coli observed in the 
groundwater below the Sauble Beach.  However, at 
most beaches throughout the Great Lakes, gulls 
and geese are the major source, and it is suspected 
that is the case at Sauble Beach (large numbers of 
gulls were observed).  Efforts should be undertaken 
to reduce the numbers of geese and gulls by (1) 

removing the garbage that attracts gulls, (2) 
planting natural beach grass (deters geese) rather 
than lawns (attracts geese).  Also, steps should be 
undertaken to encourage the dunes to grow and 
expand lakeward and the surface of the beach rise 
(use sand fences to capture sand, build dunes, and 
restrict people’s impact on dunes). This will 
increase the depth to the water table and thus 
reduce the potential for infiltration of E. coli from the 
beach surface to the water table. 

 

 

 

Figure 1. Location of the sampling sites along the transects where the groundwater studies were undertaken 
perpendicular to the shoreline at north and south sites. 
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Figure 2.  Cross sections showing the beach topography and depth to the water table 

 

 

 
Figure 3. E. coli concentrations in the groundwater below the north and south sites at Sauble Beach.
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