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Understanding groundwater – surface water interaction in the intertidal zone

modified after Horn (2006)

Sediment strengthening 
through apparent cohesion

Sediment weakening through 
excess pore pressure

Enhanced erodibility

Groundwater flow

• Surface water – groundwater interaction

• Impact of steep beach

• Impact of megatidal conditions

• Impact on erosion and beach evolution
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• sediment erodibility
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Motivation:
Research goals & questions

Advance the understanding of surface water – groundwater interaction at a mixed sand 
gravel (MSG), steep, megatidal beach with regards to

• sediment erodibility

• the role of excess pore pressures and liquefaction

Questions for this study:

• Do beach soil temperature variations reflect pore space saturation, and wave energy 
dissipation?

• If so, what is the impact of sediment depth? 

• And, how does it correlate to changes in pore water pressure?
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Regional context:
Advocate Beach, Nova Scotia, Canada

beach cusps at high water level

poorly sorted sediment

cobbly beach step 
(mostly submerged)

occasional wave action
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Regional context:
Wave conditions during experiment

poorly sorted sediment

occasional wave action

Stark & Hay 2016

ADCP
PT sensor 50 cm above beachface
PT sensor 5 cm below beachface
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Regional context:
Sediment distributions

occasional wave action

Stark et al. (2014)

Please note 
data is from 
2012.
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Methods:
pT sensors in vertical array

occasional wave action

• RBR Duo (pressure & temperature)

• Sampling frequency 6 Hz

• Vertical array

• Buried in the central intertidal zone

• Oct 21 – Nov 11 2017

• 43 recorded tidal cycles 

Burial depth
5 cm below beachface

20 cm below beachface

60 cm below beachface
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Results:
Tidal cycle #5 (𝑯𝒔= 0.2 m)

occasional wave action

23 Oct 
1 A.M.

𝑇𝑎𝑖𝑟 ≈ 10oC

𝑇𝑎𝑖𝑟 ≈ 4oC
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Results:
Tidal cycle #5 (𝑯𝒔= 0.2 m)

occasional wave action

23 Oct 
1 A.M.

𝑇𝑎𝑖𝑟 ≈ 10oC
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Rapid 
infiltration

Drainage

Difference in burial depth
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Results:
Tidal cycle #16 (𝑯𝒔= 1 m)

occasional wave action

28 Oct 
7 P.M.

𝑇𝑎𝑖𝑟 ≈ 4oC

𝑇𝑎𝑖𝑟 ≈ 3oC
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Larger waves
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Observation summary

occasional wave action

• Air temperature was mostly significant lower than water temperature. Sudden decreases in temperature at the end 
of the ebb tide likely indicate first air ventilation.

• This observations applies always to the top sensor, and to the middle sensor in case of calm conditions, while the 
bottom sensor shows the opposite behavior.
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Observation summary

occasional wave action

• Air temperature was mostly significant lower than water temperature. Sudden decreases in temperature at the end of 
the ebb tide likely indicate first air ventilation.

• This observations applies always to the top sensor, and to the middle sensor in case of calm conditions, while the 
bottom sensor shows the opposite behavior.

• Surface processes governed the temperature at sediment depths of at least 20 cm during calm to moderate wave 
forcing, while surface processes were reflected in the temperature signature at a sediment depth of 60 cm during 
energetic wave forcing.

• During daylight times, surface water warmed up, and seems to be detectable as by sediment warming when draining.

• Friction from sediment transport may be responsible for short-termed heat generation?

• Sediment drying was directly correlated to sediment cooling of surficial sediments.
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Next steps

occasional wave action

• Statistical analysis of all tidal cycles for process detection, and determining certainty.

• Investigate additional sites.

• Implement in groundwater – surface water model.
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