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History

2003 -US DOE Brookhaven National Laboratory
Dr. Lucian Wielopolski

* First proceedings article — 2003

 Proof of Concept Experiments — 2005

* First journal article — 2008
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General Principal of the INS method

Neutron interaction with an atomic nucleus

Y—rays due to Inelastic

* _— Neutron Scattering

Qo — — —, Y-raysdue to Thermal
Neutron Capture

\

: Delay Activation Y—rays
Neutron Nucleus Excited Y
Nucleus

Each kind of nucleus and process produces gamma-rays of a particular energy
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Main Components and Instruments for MINS System

MP320 Neutron Generator (DT) Nal Gamma Detector Gamma Neutron Detector
Spectroscopy

Electronics
XIA Vega Board

Dimensions: 28 cm x 46 cm x 15 cm Crystal dimensions:

\ Carbon Asset

SOLUTIONS




MINS System for Soil C Analysis in Agricultural Fields

Field System Geometry and
System Design with GPS

Pllag.
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General Geometry of Neutron Stimulated Gamma Spectroscopy
for Soil C Analysis

Measurement Geometry Analyzed Soil Volume (mc simulation)

Neutron Generator Shielding Gamma Detector

Source

—10 Signal

2 acquired:
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é 30 90%(green),
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99% (blue)
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Doron, 0., 2007. Simulation of an INS Soil Analysis System,
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USE PFTNA Technique
Pulsed Fast Thermal Neutron Analysis (PFTNA)

Measurements in Time Separation Mode: i Soil Spectra Example
in microsecond range using split electronics o ‘ o v
Fast Neutrons INS Prompt  Delayed Fast Neutrons - INS
(14MeV) Gammas Gammas Gammas (14MeV) 10° Soil spectrum
< Yo
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(INS+TNC+DA) — (TNC+DA) spectra

1000

Gamma ray yield, cps/ch(9keV)

2 -

L= & M gy ~ Cow
1 L Ll 1 1

Separation of carbon peak area at 4.44 MeV

“Silicon” peak

_1.78 MeV

Part of peak
related to Si in soil

net INS spectrum =

Each peak in the spectrum consist of:

28 S'.
1828 4 50 Mev

Net INS spectrum, Sum 3 det - part related to the element of interest,

- part from system background, and
NN )AL —= 170 - part from overlapping peak(s) of
NN )5551 | other soil elements

“Carbon” peak
4.45 MeV

Part of peak
related to Cin soil

Part of peak related to ~ Si cascade transition
Si cascade transition coefficient, k,=0.0547

Energy, MeV
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Comparison of MINS and Dry Combustion Analysis

Aerial view of surveyed field showin site divisions Dry combustion analysis processing scheme
yellow markers are locations of PFTNA measurements and sample collections

Probing scheme

Squareside 50cm §

Separate analysis of Soil Depth Increments Required
Separate sampling for soil Bulk Density Required
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Verification of MINS for Soil C Analysis
of 30 cm soil layer (static mode)

Deming Regression Plot Bland-Altman Graph
0.4 —
0.8 NE
S Jarque-Bera Test
" 5 e for Normality
S 06 2 o °
- s o ©°, S
£ - 2558 % . JBStatistic =1.28
= Ll é » ® e * . . Critical value = 3.35
§ 0.4 T Tz | . o '.' o at 0.05 significance level
® 1 g °
g II. 7 = o o
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E 02 s I 1 % 02 -mmmmmmm e S e
g / ® Experimental data with error bar é
—— Deming regression line y=-0.061 + 1.18 x E
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Verification of MINS for Soil C Analysis
of 30 cm soil layer (scanning mode)

Scanning pass

" Points.for chemical

< analysis sampling

Seprage ©denzity n 0-30 cm layer, gGiernd

E

=
=
=1

Prediction bands. far FFTRA and Chemical anatysis
for carbon content expressed in average C density in 0-30 crn sol layer

Prediction band for PFTHA

+/- 0.0040 gClem3 (p=0.05)

—— Chemical snayysis, 77 sampies, goicm3 Prediction band for Chemical analysis
-- - B Averegs = 00136 m .0008 gSiemd +-0.0074 gC/cm3 (p=0.85)

—— PFTHA, 15 passes, glicmd
== = PFThA Awerage = 00153 & 00009 pSiomd
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Accuracy Study
E.V. Smith Experiment Station Whole Field Site

* 30-acre field study site was established at the Auburn University E.V. Smith Research
station and grid sampled with 196 sample grid point core sampling scheme (one
core/grid site) to establish a known soil C density.

* Each core was divided into 10 cm depth increments down to 30 cm (3 samples/core).
Soil bulk density was determined on each soil core.

* At each gride site soil moisture and soil C density was independently determined using
a Troxler soil moisture and density meter.
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Custom Soil Resource Report
Soil Map

Riverview silt loam, 0 to 1
percent slopes, occasionally
flooded

Toccoa fine sandy loam, gently
undulating, occasionally
flooded

Results

Core Soil C =21.8 mg C/cm?

Ball] Mg :mqw-wﬂf'% waliid & This sexls.

‘=eEm ==

‘\ Carbon Asset

SOLUTIONS




50 _ Results of MINS and DC measurements of carbon content

3
expressed in average C density in 0-30 cm soil layer, mgC/cm
g y
E 40 - - .
g Prediction band for MINS f_’/r_eg |gt|rcr)]n gz;:;o{ [fg gg)a v
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§ 10 — — DC analysis, 156 samples, mgC/cm3
= ---- DC Average = 21.8 £ 0.7 mgC/cm3
—— MINS, 11 passes, mgC/cm3
---- MINS Average = 21.1 £ 1.1 mgC/cm3
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Accuracy Study
E.V. Smith Experiment Station Whole Field Site

Soil Sampling Accuracy = +/- 0.7 mg C/cm?
MINS Accuracy = +/- 1.1 mg C/cm?

Predictive Band Soil Sampling = +/- 9.0 mg C/cm?
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Core C =16.0 mg C/cm?

0.30- MINS C =15.2 mg C/cm3
s
~—~ 0.25- /oc%.
D s .
S Bootstrap Accuracy analysis
£ 0.20 - B indicates that a soi1l sampling of
% this 40-acre field needed 20 sites

0.15 - differenmtw\xa\

soil scanner and

25 Tocl
soil core methods %ﬁ(ms\‘\‘
0.10 -

1 2 3 4 5
number of cores per sampling location

with 2 cores per site to match
MINS scan accuracy.

absolute difference from true mean
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MINS commercial status 09/24

Technology Licensed to SGS Methodology Validation Certificate
Carbon Assets Solutions or CAS e o 2o
ISO standard for a MRV certified carbon credit ey s g SGQ
Global launch at AIM4C Washington DC Carbon Asset Solutions Ltd
USDA ARS awards for Technology Transfer, T
REE Under Secretary Award o e e,
Commercial deployment USA, Canada, e
Australia L I

Tnis Validafion is vaid from 02 May 2023 until 02 May 2024 and remains valid subject to
satisfactory surveilance assassment.
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Methodology of MINS scanning measurements

Polygon creation

Path planning Data point recording Average Weighted center spectrum of polygon

2 of spectra in polygon
number of points in polygon

3
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Soil carbon map examples

100 m N
Carbon Volume [tunsfacre}A
Range relative to
Farmar: BDA this field: 16.79 - 29.53 Carbon Volume (tnnsfacre)
Field: BDA-3B Il Low

Area: 31.56 acres
Field Carbon Average:
24.12 tonsfacre

Range relative to
Farmer: BDA thie field: 17.66 . 29.58
Field: BDA-Biglake SW B Low
Area: 24.99 acres
Field Carbon Average:
23.25 tons/facre
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Cost of Soil Analysis

Average cost for lab analysis USA
$21 USD/ sample

300 acres farm @ 100 samples
$12,340

$48/ acre

Cost for the MINS analysis < $10/acre
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MINS Key Benefits

Accurate

« +/- 0.9 mgC/cm?3 95% confidence level

« Highly increasing result representativity due to massive increase in sample volume
In situ

« 3-dimensional measurement without soil disturbance

* No lab samples or secondary field calibration

* No additional bulk density measurements

Instant results

» Digital results direct to cloud based data management using Microsoft Azure
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CAS Business Model

» Approach 1 — Enroll the farm/project in the CAS carbon
monetization program CAS Soil Carbon Methodology.

No cost to farmers

The farmer would store carbon through regenerative Ag practices, and the ‘additional’ carbon that is
measured in the soil would be sold as a carbon credit, with farmer receiving 60% of the total sale price
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