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The City of Winnipeg is underlain by an extensive Paleozoic Carbonate Aquifer System that is confined by 9 to 60 meters of glacial drift.

The artesian conditions in the aquifer present geotechnical challenges due to the significant hydraulic pressure exerted by the carbonate

aquifer to the surficial deposits. However, current geotechnical investigation practices do not typically involve hydraulic testing of the

underlying carbonate aquifer. This study focuses on two outfall repair projects adjacent to the Assiniboine River, within the City of

Winnipeg: the Aubrey Outfall Chamber and the Ruby Outfall Chamber, and the need for technical collaboration between geotechnical and

hydrogeological professionals to fully characterize site conditions for construction and dewatering purposes to prevent project delays and

cost impacts. Open standpipe piezometers and vibrating wire piezometers, were also implemented to evaluate the achievement of

dewatering targets and pore pressure reduction in the overburden.

• Initial hydrogeological investigations were completed using a 5-inch diameter PVC cased test well in the fall of 2016. However, the site

encountered a highly transmissive rubble zone. A temporary 12-inch diameter well was installed and pumped tested for preliminary testing.

• Additional hydrogeological and geotechnical investigations including large diameter well installations, pumping tests, pumping test analysis

using Theis, Cooper Jacob, Theis Recovery Analysis and Van der Kamp Recovery Analysis, and estimation of groundwater

depressurization requirement and drawdown analysis were completed.

• Field implementation of groundwater management plan: aquifer depressurization to allow for safe excavations up to 11.9 m from grade

using submersible pumps, as well as monitoring, evaluating and reporting the groundwater levels in the carbonate aquifer and overburden.

• The outfall repair projects were completed in sequence. Aubrey Outfall repair was completed in the fall /winter of 2018. Ruby Outfall repair

was completed in the fall /winter of 2020.

• Groundwater levels in the clay and till were monitored using open standpipe piezometers for the Aubrey Outfall repair. Vibrating wire

piezometers were installed in addition to open standpipe piezometers for the Ruby Outfall Repair.

Figure 1: Project Location ( modified from Google Earth 2021) 

Sites are located adjacent to the Assiniboine River, in the 

Wolseley area of the City of Winnipeg.  Distance between sites 

is less than 150 m

Figure 3: Groundwater Levels in the Carbonate (Hydata, 2020). 

Recorded groundwater fluctuations were noted to be up to 6 

meters from outfall construction levels.

Introduction and Background

Introduction and Background

Site Characterization

• The metropolitan area of Winnipeg sits on top of silty grey lacustrine clay, ranging in thickness from less than 6 m to

more than 25 m. Calcareous grey till underlie the clay layer, with thickness ranging from 1 to 15 m. The till material

commonly contains layers of sand.

• In some locations, a highly transmissive fractured carbonate rubble zone underlies the clay-till unit. The thickness of

the rubble zone varies throughout the region and ranges up to 10 meters in thickness.

• The rubble zone gradually changes into the fractured carbonate rock of the Red River Formation, which typically

consists of alternating layers of limestone and dolostone with basal shale layers. The Red River Formation is

underlain by the Winnipeg Formation clastic (sandstone and shale) unit, and Precambrian basal bedrock (Render,

1970).

• Since the cessation of major consumptive groundwater use in the City of Winnipeg, groundwater levels in the

carbonate aquifer has gradually recovered.

• Numerous fractures and other features within the overburden sediments allow for hydraulic interaction with the

carbonate aquifer in Winnipeg (Tutkaluk et. al., 1998).

• High water levels in the carbonate aquifer translate into higher porewater pressures within the clays and result in

additional seepage into structures below the water table (Tutkaluk et. al., 1998).

Figure 2 : Geological Cross Section (modified source -

Manitoba Geological Survey, 2009)

Figure 4 : Historical River Levels (Environment Canada, 2021)

Sequence of Events

Findings

• Site stratigraphy, based on test well drilling completed at the sites include lacustrine clay from surface to 10.7 to 14 m below grade

underlain by glacial till up to approximately 17 to 20 m below grade. There are thin lenses of silty sand in the clays and tills. Seepage

from these formations were managed using standard construction dewatering methods, in conjunction with bedrock aquifer

depressurization. Silt lenses were more pronounced at Ruby site, open standpipe piezometers installed at the Ruby site were noted

to clog often.

Figures from left to right:

(Figure 5) Cross section of

Aubrey site, Figure 6) picture

of Ruby excavation and

(Figure 7)monitoring well 

locations on Ruby Outfall

Transmissivity Storativity

Aubrey Well 3.16 m2/s 5.5 x10 -5

Ruby Well 5.75 m2/s 1.0 x 10-5

Table 1. Transmissivity and Storativity Estimations

• The estimated transmissivity and storativity using Theis methods and Copper- Jacob analysis are shown in Table 1.

Figure 8 : Groundwater levels vs 

Time ( Pumping Ruby well at 

33.12 L/s)

Figure 9 : Groundwater levels vs 

Time  ( Pumping Aubrey well at 

25.24 L/s)

• Groundwater level measurements during the Aubrey Outfall repair indicate that aquifer depressurization at the Ruby Outfall site is

attainable from pumping the Aubrey well and installing a smaller pump at Ruby Well.

Figure 9 : Groundwater Level Monitoring – Aubrey Outfall Repair

(Pumping 17 L/s)
Figure 10 : Groundwater Level Monitoring – Ruby Outfall 

Repair (Pumping 28.5 L/s in total)

• Due to the fine-grained nature of the overburden soils, the screened sections of the open standpipe piezometers were noted to be

plugging in very short periods of time. The standpipes in the clay, till, and sand were often plugged with fine grained silts and clays

• Due to the low permeability of the overburden soils in the clays and tills, a significant time lag in the response from the open

standpipes was noted.

• Vibrating wire piezometers, were more sensitive to pore water pressures and since the vibrating wires were grouted in place,

plugging was not an issue

Conclusions

• The hydrogeological and geotechnical challenges at the Ruby and Aubrey site were unique due to the higher transmissivity of the 

underlying bedrock aquifer

• Future technical collaboration between hydrogeological and geotechnical professionals for deep structure excavations would be

greatly beneficial in fully characterizing the dewatering costs of construction projects. 

• Open standpipe piezometers and vibrating wire piezometers have advantages and disadvantages. Based on the geology of 

Winnipeg area, vibrating wire piezometers appear to be better suited in determining changes in pore water pressure.
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