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Real-Time
Measurement

Quantify mass 

reduction with fringe 

placement

Accuracy

Year-round tracking = more 

robust site picture than PIT

Engagement

Real-time data facilitates 

better engagement with 

regulators

EMS: Who we are and what we do

Environmental Material Science (EMS) has 10 years of R&D of real time monitoring to 
improve understanding: 1) contaminated sites, then 2) soil health and VRT 
optimization, now 3) GHG emissions monitoring.

• Technology can be utilized across all industry sectors
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Groundwater and Soils tell us two 
different facets of a contaminated site

Groundwater is about Risk Mitigation

• GW modelling is about risk vector change over time.

• Active remediation ↓ source, but should not be expected to 
substantially change the GW model

Soil is about Remediation

• Soil modelling is about source removal – until removal, 
remediation is delayed.

• Active remediation is fantastic at removing high source 
volumes for 1 to 2 years.

• NSZD is great for source depletion monitoring – estimates 
remediation effectiveness.

• Accounts for stimulated and natural source reduction.
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Plume Stability

When does the plume stop 
expanding and/or moving?

Fence Line Arrival

Does the plume hit a 
critical receptor?
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Groundwater Modeling (Benzene)



THREE scenarios

• Do nothing

• NSZD

• Biostimulation

Groundwater Modeling (Benzene)
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Schrödinger’s Cat Goomba (NSZD)Cat
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↓ Risk
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NSZD: Concentration Gradient Method

Fick’s First Law of  Diffusion - rate of  
diffusion is proportional to the 
concentration and surface area

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 



NSZD: Concentration Gradient Method

EMS contaminated site monitoring
Soil (n = 15), Vapour intrusion (n = 2), GW (n = 5)



NSZD: Seasonal Patterns

Regional mean
(normalized)

Some sites follow 
regional mean

Others, not so much



Estimated using indicator gases
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Do Nothing NSZD Biostim

Groundwater Modeling (Benzene)



Time to stability based on area and concentration
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Do Nothing

Biostim
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NSZDDo Nothing Biostim

Groundwater Modeling (Benzene)
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NSZDDo Nothing Biostim

Groundwater Modeling (Benzene)
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Do Nothing

Biostim



Stability

Site Triage



Highlights: Groundwater Risk and NSZD

• Groundwater modeling is about changing risk vector over time –
soil may be PHC source to GW

• Soil modeling is about remediation - source removal

• Comprehensive groundwater (risk) model should incorporate 
stimulated and/or natural depletion

• Continuous, real-time data streams empower managers to:
• Make evidence-based decisions 

• Adapt management strategies to achieve site objectives in a more 
timely and cost-effective fashion.



Can Autonomous, High Data 
Density Sensors Save Time & 

Costs in Adaptive 
Management of Hydrocarbon 

Impacted Sites?

Thank you!

1(306)952-0403
stevemamet@ems-inc.ca

stevesiciliano@ems-inc.ca

https://ems-inc.ca/





Your roadmap for today

NSZD Overview

Continuous measurements
Methane

Site-specific stoichiometry

Soil Sense

Pedotransfer and
soil moisture

Site-specific NSZD and plumes





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 

Capillary
Fringe



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



Lari et al., 2019. Water Research 157: 630-646.

Why CH4 and why high data density?
• Early attenuation processes 

dominated by methanogenic 

degradation

• “Signal shredding”
• Lag between peak 

subsurface gas 

concentrations and peak 

surface efflux.



Soil Sense

Borehole

Packer

2”  slotted PVC pipe

Pre-packed sand

Pre-packed bentonite

Sensor packs



Soil Sense
Hardwired

Solar

Batteries



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



NSZDpoint = Jcorrected ∗ Molar Ratio

= 2.43 x 10−5 gCO2

m2s
∗ 0.3 ∗ 86400

= 0.63
gC6H6

m2d

Convert Flux to Hydrocarbon Depletion 
(GUIDANCE)

J = Dv
eff dC

dZ corrected

J = 3.8 x 10−7 m2

s
∗ 64

gCO2

m3m
J = 2.43 x 10−5 gCO2

m2s

2C6H6 + 15O2→ 12CO2 + 6H2O

Molar Ratio =
78.11

gC6H6
mol

44.11
gCO2
mol

∗ 2 molC6H6

12 molCO2
= 0.3

Convert to g – Representative Hydrocarbon

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 



12 sites

76 Soil Senses

228 Sensor packs

>100,000,000 data points!

Site Wide Activity

Localized Activity

Low High

NSZD

NSZD 
Site Variability



AutumnWinterSpring

Site Wide Activity

Localized Activity

Summer NSZD 
Site Variability

12 sites

76 Soil Senses

228 Sensor packs

>100,000,000 data points!



NSZD Seasonality

NSZD peaks in 

either winter/spring 

or summer/fall

Site Wide Activity

Winter/Spring Summer/Autumn



Typically stable over seasons

• Active site

• Additional sensor install and 

equilibration

• Site with high-water table and 

fall ice-up.

Plume volume



How do sites compare?



Continuous Site Monitoring

Water savedMoney saved Carbon saved Product 

reduction

• Sensors continuously monitoring your 
site showing the most relevant metrics 
in a browser or on your phone

• Cloud-stored data allows users to 
automatically generate traditional 
reports for regulatory compliance.



• The goal is to make managing and prioritizing multiple 
sites as convenient as possible.

Managing Multiple Sites



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!
• modflow

• Data assimilation

• AgTech.



Thank you!

stevemamet@ems-inc.ca
https://www.ems-inc.ca/





Data Assimilation – Double Pendulum Example

 Small differences in parameters 

or initial conditions propagate 

into large intractable errors in 

model output

 Data Assimilation uses 

observations/measurements to 

update models to prevent them 

from diverging.
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 Small differences in parameters 

or initial conditions propagate 

into large intractable errors in 

model output

 Data Assimilation uses 

observations/measurements to 

update models to prevent them 

from diverging.

Data Assimilation – Double Pendulum Example



Data Assimilation

• Data Assimilation is utilized in a large 
number of  fields including weather 
prediction, self-driving cars, missile tracking, 
nuclear power, and GPS

 EMS’ sensor data leverages Data Assimilation to improve 
estimates of  plume-maps, biodegradation, and soil gas 

profiles.
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