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Natural Source Zone Depletion Explained
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Figure 7: Conceptualisation of LNAPL NSZD processes (from APl 2017)
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Concentration Gradient Method
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3 3. Theoretical stoichiometric conversion: benzene-CO;

Anoxic 2CeH5.+ 150, — 12C0O; + 6H,0
zone 2CsHs* 2%(12.011 g/mol*6 + 1.008 g/mol*6) = 156.223 g/mol
R 12C0,: 12%(12.011 g/mol + 15.999 g/mol*2) = 528.096 g/mol

When 156 g of CsHs are consumed, 528 g CO; are produced
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Why CH, and why high data density?
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Fig. 1. Some of the major processes and parameters in NSZD.
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Soil Sense

Bentonite

Gas permeable
membrane

Sealing plate
heat shrink

Bentonite

Hermetically-sealed
feedthrough

Sealing plate

O-rings

Hermetically-sealed
feedthrough

T Three solid-state sensor packs that provid
constant soil feedback to EMS/client
T Continuously estimate within-soil
hydrocarbon vapourscarbon dioxide,
methane, oxygentemperature, barometric
pressure, anglative humidity
t Features
1+ NDIR technology
1+ LoRa, LTEM, Satellite enabled
T Fits into existing boreholes
t Flush mount for active sites where
Solar is not an option
T Continuous remote data access
T Single setup cost, no maintenance
T Soil Sense estimakeslogical activity and
hydrocarbon concentrationsvery 30-mins

T Transmit data via LoRa gateways linked to &

cellular or satellite networks

T Can be used in remote areas (solar power
developed areas (long-life batteries), with
yearly servicing.




Soil Sense

Urethane Board Centralizer T/P/RH Internal O-Ring




Low sampling frequencydint-in-time Is the
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Soll Sense collects 48 measurements per day

NSZD (g m2 day™)
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Multimodeling with Pedotransfer Functions.
Documentation and User Manual for PTF Calculator
(CalcPTF)

Version 3.0
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dance values
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CO, (moles day ™)

CONVERT FLUXTO HYDROCARBON DEPLETION
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CONVERT FLUXTO HYDROCARBON DEPLETION
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NSZD through space

+ NSZD estimates
Incorporate methane and
paired CQproduction/Q,
consumption

T More representative
estimates of biological
activity.
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228 Sensor packs
92,662,066 data points!

12 sites
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How do sites compare?

Plume volume (m3)
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Where are we now? Che

FHigh density continuous measurements bO
TDiurnal and seasonal nuances, site-driven variation
1CH, may make up the bulk of NSZD in some sites

1Soil moisture
TImplications for fluid transfer and PHC distributions

}Site-specific estimates
I Theoretical stoichiometry may not represent site processes

1Stay-tuned for next year!
tFEA
tBayesian prediction networks
tAgTech
tWinter is coming.




SUSTAINABLE DEVELOPMENT
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Pyroelectric Infrared Detectors in Soil Sense



CONCENTRATION GRADIENT METHOD (t@QEMSSIC SITE

Background Source 1 Source 2
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Depth (m bgs)

Adapted from CRC CARE 2018



Concentration Gradient method ("CGM'glassic
site
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CGM 2 Step 1: Calculate Flux from
Soll

Source 2
. glife
v(Gi
P J 18.3% - 0.3%
STHUNOTIE S e
— | LPSDF &z
(Chrrooribes 5 oy WY

© FRUUH " GPSDF g EDFNJURXQG
(6] FrovntEiersorfdd Q

( iFRUUH:-H—é‘— -‘]&2 -1 &2

Adapted from CRC CARE 2018



CGM?2Step 2: Convert Flux to Hydrocarbon

Depletion(GUIDANCE)
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Adapted from CRC CARE 2018



EMS Soll Sense

Every 30 Minutes
All day, every day

Direct Hydrocarbon Detection
T IR Active Hydrocarbons

Hydrocarbon Depletion
¥ CO, CH,, O,

Environmental Data
t Temperature, Relative
Humidity, Pressure



50il Sense

EMS SOIL
SENSE

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.



Vertical placement parameters
Design flexibility

Waterproof

T Sensor packs can survive being
submerged in areas with a fluctuating
water table.

|ldeal Design

T Sensor Pack 1 near surface

T Sensor Pack 3 above LNAPL

1 Sensor Pack 2 mid way between 1 & 3

Site Variability
+ Borehole permeability
T 1 and 2 D modelling of gas fluxes
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