Coupled Pressure-Temperature Probes for Monitoring Porewater Fluxes in Coastal Sediment
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5. Sensor Probe Design

* SubrT\arine groundwater dischafrge (SGP) and porewater exchange is driven by hydraulic * While heat has been frequently applied as a groundwater tracer in inland studies, it has * A novel, inexpensive sensor is proposed that monitors porewater pressure,
gradients between coastal aquifers/sediment and the ocean' seldom been applied in tidal settings temperature and conductivity at different depths
* When in_tegrated over th? Iar.ge spatial arezas of exchange, SGD flux can be comparable e The tidal oscillations in surface water depth (Fig. 3b) drives oscillations in the * Pressure readings reveal the period and magnitude of the tidal fluctuations and thus
in magnitude to coastal riverine discharge temperature and groundwater flux magnitude or even direction the hydraulic gradient, while conductivity data indicates whether SGD is fresh or saline
* SGD delivers contaminants to the ocean, including nitrogen and heavy metals * While some analytical approaches can yield estimates of time-varying fluxes, the * Also, the Darcy flux inferred from the thermal data can be used to yield the hydraulic
« Ocean-aquifer interactions vary in magnitude and direction due to hydraulic oscillations equations do not explicitly allow for a sinusoidal Darcy flux (see g in the governing PDE) conductivity from the pressure data through Darcy’s Law
associated with wave and tidal action (Fig. 1) * AYSIsonde was installed in a tidal creek (Fig. 3b) in Sage Lot Pond®, Waquoit Bay (MA, * The design (Fig. 6) incorporates an array of sensors and a programmed microcontroller
Fig. 3a), and iButton thermal loggers were installed in the adjacent salt marsh (Fig. 4) to record and store the data on a micro SD card

* Data show periodic water depth in the creek and tidal impacts on creek thermal signals Arduino Uno
T T~ (Fig. 3b) and lagging and damping of the subsurface thermal signals in the marsh (Fig. 4) x
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Figure 1: Conceptual model of ocean-aquifer interactions, including: (1) density-driven circulation, (2) tidal = e =y
. " - . o : . : : : :
pumping, (3) wave pumping and (4) fresh SGD (modified from Robinson et al.?) y Dat V2019 y Figure 6: Virtual schematic and wiring diagram representing the present data logging system with
ate ( ) temperature and pressure sensor locations and connections. Conductivity sensors are not yet incorporated.
Figure 3: (a) Photograph of the Sage Lot Pond study site with the creek and thermal probe shown. (b) Water \ 4
levels (vertical axis) and water temperatures (color) in the salt marsh creek o _ _ _ . gontroller and
2. Methods and Theory: Heat as a Groundwater Tracer * Theinitial sensor setup is being tested in the e 212 sporege
Depth — 1.5cm — 4.5cm — 10.5cm laboratory for code performance and sensor
: : : ot operations 0 ®¥——np7TC
 When groundwater flows, it advects heat, disturbing subsurface temperatures ’ P . .
. * Fig. 7 displays the vertical sensor array and probe
* The thermal effects of groundwater flow enable heat to be used as a groundwater O . 5 .p 4 . 4 P
tracer =a R ‘ \ installation for field deployment 10 Bl
2 \ J , ) W j B T
 Multi-depth temperature sensors in sediment (Fig. 2, left) can reveal how periodic o] . | ) .‘ h ) } i) ’\\r | \\g‘\ < % .
temperature signals propagate into the subsurface & \ | b | \)\ \ \-»‘\f \," \ Figure 7: Cartoon of the probe installed in coastal sediment
. _ _ _ . = \ 4 \; \ (/| y ' where water level fluctuates due to tidal influences. 4 -
* The thermal Sine wave IS |agg6d and damped W|th depth (F|g 2d,e), but the precise '§ . \,‘ f \' ,/. - f» | » Damping and Iagglng Variables T, P, and C represent temperature, pressure and
signal transfer is influenced by the direction and magnitude of groundwater flow 0 P ‘/ \‘ H \ \‘ from black to red to blue conductivity sensors, respectively, and z represents the . — P T,C
g \ depth from the upper boundary of the subsurface. v
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1 —__:///// T Figure 4: Multi-depth porewater temperatures recorded in Sage Lot Pond in May 2019 « Groundwater discharge and porewater exchange is important for coastal
g ” ?) " biogeochemistry and ecosystem health, but its quantification is challenging
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: —] = o | | | | 4. Modeling Analysis * An inexpensive but powerful sensor probe is being developed to reveal the timing and
temperature —] o - S . . . s .
T Sensors =k ® 20 amplitude of groundwater flux response to tidal forcing and determine if SGD is fresh
I/ TN = o Recharge _ S _ _ .
. — = = : : Depth — 3.0cm — 7.5¢cm * Next steps include finishing the housing unit for the sensors, deploying the probe to
: A —] 0. T 18 * The temperature time series from _ , _ ' e
_ =] Q = . . collect data in a mega-tidal setting (Bay of Fundy, Nova Scotia), and modifying VFLUX?2
| @ | weight — 0 Sage Lot Pond were analyzed in (a) Negative fluxes
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Figure 2: Past setups for temperature monitoring: (a) drive-point piezometer with temperature sensors on a Difterent analytical approaches — 6e-067 / \Y/ LW 1% 2 d:r:ﬁemhe HEESarErl:h
cable, (b) sensors embedded in a rod, or (c) high-resolution temperature sensing (HRTS) approaches (modified reveal the Darcy fluxes based on E / f\ duCanada  Chairs
from Irvine et al.3). Under discharge conditions (d) the signal decays more than under (e) recharge conditions the lagging and damping X -9e-06 - < ol
(modified from Kurylyk and Irvine?). _ , < MEOPAR Cﬂnada
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