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Your roadmap for today

NSZD Overview

Continuous measurements

High data density

Site-specific stoichiometry

Soil Sense

Pedotransfer and

soil moisture



Natural Source Zone Depletion Explained

C8H18 + 3.5 H2O → 1.75 CH4 (g) + 6.25 CO2 (g)

Methane Generation

Methane Oxidation

CH4+2O2 → CO2 (g) + 2H2O

Aerobic Transport

CRC CARE Technical Report no. 46

The role of natural source zone depletion in the management of light non-aqueous phase liquid (LNAPL) contaminated sites 



Concentration Gradient Method

CRC CARE Technical Report no. 46

The role of natural source zone depletion in the management of light non-aqueous phase liquid (LNAPL) contaminated sites 

Fick’s First Law of  Diffusion -

rate of  diffusion is proportional to 
the concentration and surface 
area



Assembly 
Animation

Urethane Internal O-RingBoard Centralizer

Soil Sense

MC IR w/ LED O2 PID

T/P/RH



Soil Sense

• Fits into normal groundwater casings

• Groundwater sampling tube for normal low flow sampling.

• Permeability estimates for each installation.

• Multi-channel IR with LED Source

• Lower Power Consumption 

• Battery Powered and/or Solar Powered

• LoRa Top Communication Module

• Collects data and transmits to online database

• Dashboard design to fit user needs.

12.67”

32.18 cm

8.27”

20.99 cm

https://iot.rivercityinnovations.ca/dashboards/bbd681a0-0f36-11eb-baf8-cd0b44febe80?state=%253D%253D


Low sampling frequency (point-in-time is the 
“pits”)



Soil Sense collects 48 measurements per day
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The Sites

We are here!



Guidance values

Bemidji, MN Perth, WAS
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Adapted from CRC CARE 2018

CONVERT FLUX TO HYDROCARBON DEPLETION (SITE-SPECIFIC)

Ratio Guidance (mass) Site-specific (mass)

C6H6:CO2 0.296 0.329

C6H6:O2 0.325 0.179

C6H6:CH4 1.038 1.038
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• NSZD estimates 

incorporate methane and 

paired CO2 production/O2

consumption

• More representative 

estimates of  biological 

activity. 

NSZD through space 



9 sites

70 Soil Senses

210 Sensor packs

59,877,180 data points!



High water table

AutumnWinterSpring



Typically stable over 

seasons

• Active site

• Additional sensor 

install and 

equilibration

• Site with organic 

soils and fall freeze-

up + animal visitors.

Plume volume



• Zero-order are 

“optimistic”

• TTC depends on 

PHC mass and 

biological activity.

Closure 

estimates



How do sites compare?



Interactive, real-time visualization and rankings

How is my site doing today? How does my site compare to others?



Interactive Machine Learning to optimize site 
management

Where is the best place for 

my sensors?

Should I add more 

sensors?

Do I still need to sample 

groundwater?

https://ems-inc.shinyapps.io/app_v1/


Interactive machine learning to optimize site 
management

Where is the best place for 

my sensors?

Should I add more 

sensors?

Do I still need to sample 

groundwater?

https://ems-inc.shinyapps.io/app_v1/


Where are we now?

• High density continuous measurements
• Diurnal and seasonal nuances, site-driven variation

• CH4 may make up the bulk of  NSZD in some sites

• Soil moisture
• Implications for fluid transfer and PHC distributions

• Site-specific estimates
• Theoretical stoichiometry may not represent site processes

• Stay-tuned for next year!
• FEA

• Bayesian prediction networks

• Carbon sequestration

• Winter is coming.



Thank you!





Pyroelectric Infrared Detectors in Soil Sense
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Concentration Gradient method ("CGM") – classic 
site

Adapted from CRC CARE 2018
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CGM – Step 1: Calculate Flux from 
Soil

J = Dv
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18.3% - 0.3%

Depth
= 0.4 – 2.4 m 

[CO2] = 0.3 – 18.3 %

Adapted from CRC CARE 2018
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EMS Soil Sense

Direct Hydrocarbon Detection

• IR Active Hydrocarbons

Hydrocarbon Depletion

• CO2, CH4, O2

Environmental Data

• Temperature, Relative 

Humidity, Pressure



Product description

Installation Dashboard White label

reporting



EMS SOIL 
SENSE
 Trenched Power

 Ideal for active sites with existing 
infrastructure

 Battery Power

 Well suited for sites with wildlife or 
malfeasance concerns.

 Solar Power

 Perfect for remote sites, hard to access.

Off Grid Power

On Grid Reporting

Soil Sense



Vertical placement parameters EMS SOIL SENSE

Waterproof

• Sensor packs can survive being 

submerged in areas with a fluctuating 

water table.

Ideal Design

• Sensor Pack 1 near surface

• Sensor Pack 3 above LNAPL

• Sensor Pack 2 mid way between 1 & 3

Site Variability

• Borehole permeability

• 1 and 2 D modelling of gas fluxes



Old dragon rendering Facility
Initial release

Contaminant



Old dragon rendering Facility
Subsequent releases

Contaminant



Old dragon rendering Facility
Tracking remediation

Contaminant


