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» The History Channel
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» The History Channel

Thermal neutrons
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» The History Channel
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» Stationary Instruments
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> URANIS

In collaboration with Martin Schrén, UFZ Leipzig

7 | URANOS - The Cosmic Neutron Soil Moisture Simulator ol = =

ESame o il

Computational Parameters Detector Setup Export & Display Birds-eye Range View  Spatial View

Layers are arranged in the vertical direction, representing different materials or 2D gridded patterns

Soil Maisture [Vol%g] Layers
| 6%
Position Height Material Matrix Load Minimal Config

Air Humidity 1 -1000 920 1
| 7 2 -80 30 11 =

S -50 48 1 .
Atmospheric depth [gfcm?] 4 -25 05 11
I 1020 5 -2 2 u

8 0 3 2 Source Layer P

Detector Layer 4

Ground Layer 6
Topological presets (water, land)

- ene Material Codes
! River, width [m] 10
' o D Use layer maps
") Coastat x [m] V]
View layer maps
*) Island, diameter [m] 10
Load 5
! Lake, diameter [m] 10 oa ave

100 1000




» URANOS Buildup

In collaboration with Martin Schrén, UFZ Leipzig

] source
spectrum

generation

B B el st scale]
.

meV 1eV 1 GeV

] detector
efficiency

track
detection

surface rx/\o /

~ track
interface
contact

TTe—

i e I e s s R s iy ey R e i
TmeV 1eV 1 GeV

B B e, st scale]
.

soil

nuclear sca‘l[‘:?é:rl'(ng
evaporation 1 '
P centers Custom layers

of arbitrary
size and material




» URANOS Buildup

In collaboration with Martin Schrén, UFZ Leipzig
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» URANOS Buildup

In collaboration with Martin Schrén, UFZ Leipzig
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» URANOS Buildup

In collaboration with Martin Schrén, UFZ Leipzig
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» URANOS Modeling
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» URANOS Modeling
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» URANOS Modeling
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» URANOS Modeling
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» URANOS Modeling
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» URANOS Modeling
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» CRNS timeseries
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» 2015 WWR paper

@AGU PUBLICATIONS

Water Resources Research

RESEARCH ARTICLE  Footprint characteristics revised for field-scale soil moisture
10100272015 WROT7169 monitoring with cosmic-ray neutrons

M. K&hli and M. Schrén contributed M. Kohlil, M. Schron2, M. Zreda3, U. Schmidt, P. Dietrich?, and S. Zacharias?
equally to this work.

'Physics Institute, Heidelberg University, Heidelberg, Germany, “Department of Monitoring and Exploration Technologies,
Key Points: UFZ—Helmholtz Centre for Environmental Research, Leipzig, Germany, *Department of Hydrology and Water Resources,
« Neutron transport modeling revised University of Arizona, Tucson, Arizona, USA
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» 2015 WWR paper
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» 2021 Intensity Relation

Our proposition: the universal transport solution (UTS)
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» CRNS timeseries Stanta Rita

Uranos simulation of Hydrus1D completed soil data
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» CRNS timeseries Stanta Rita

Uranos simulation of Hydrus1D completed soil data
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» CRNS timeseries Stanta Rita

Uranos simulation of Hydrus1D completed soil data
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» Stationary and Roving

In collaboration with Martin Schrén, UFZ Leipzig
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» Stationary and Roving

In collaboration with Martin Schrén, UFZ Leipzig
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» Stationary Instruments
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» Tubes and Frontend Electronics

Type"  Costs™  Abs. Eff.™

3He 2500 € 60 %

10BF, 1500 € 20 %

108,C conv 1000 € 12%

*Proportional counter tubes examples of different sizes to match
similar instrument performances. Commercial tubes He: 2"x 12",
BF;: 2”x 30". Conventional sputter-coated B,C tube 2.3"x 47",

“Costs for a proportional counter, for He mainly the gas filling,
for BF; (hazardous) 1000 € for the tube, others 300 €.

"“thermal neutron absorption efficiency.




» Tubes and Frontend Electronics

. o Printed neutron converters
Type Costs Abs. Eff.

3He 2500 € 60 %

Blade coater

oty !
In H,0

10BF, 1500 € 20 %

108,C conv 1000 € 12%
60 mm/s; 40°C Drying 40°C
SLiF printed 700 € 12%
Sample preparation
10B,C printed 400 € 1% ,

*Proportional counter tubes examples of different sizes to match
similar instrument performances. Commercial tubes He: 2"x 12",
BF;: 2”x 30". Conventional sputter-coated B,C tube 2.3"x 47",

Cj
“Costs for a proportional counter, for He mainly the gas filling,

In H.0 60 mm/s; 60°C Drying 60°C
for BF; (hazardous) 1000 € for the tube, others 300 €. 2

"“thermal neutron absorption efficiency.
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» Data Logger

*  Low temperature dependence

* Display: RL, p, event info

*  High resolution for environmental variables
*  Battery/voltage monitoring

. Multi-purpose RJ45 Connector

* SDcard

*  SDI-12 / RS485 implementation

«OPC lsp UART [ GSM modem
Sensors H SDI-12 Arduino UART — GPS modem =)
DUE Q
TPRh H |7¢ UART — loT modem g
diff. I’'C RTC SPI— SD card




» Data Logger

*  Low temperature dependence
Real-time data interface * Display: RL, p, event info
*  High resolution for environmental variables
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» CRNS Networks
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» The ADAPTER Network

Devices with
NB-loT modems

In collaboration with

Patrizia Ney
Fz Julich
Physikalisches Institut, Universitat Heidelberg




» The ADAPTER Network ‘9
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» Telemetry Integration
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» SOMMET: Standardization
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» Multiple scales of SOMMET

Comparison and harmonization of soil moisture measurement methods at multiple spatial and temporal scales

- Comparison of methods, their constraints and different spatial and temporal characteristics

- Development of an approach to harmonize point scale, field scale and remote sensing

Point-scale in situ measurements Cosmic-ray neutron sensing Satellite remote sensing
Example: Time series of a single sensor Example: Daily average soil moisture Example: Sentinel-1 surface soil
at catchment scale volumetric water content product

Dataviewer Station: Lochheim from: 2010/11/18 to: 20111118 . -
' 4 A \ 2
2011105122 06:00 i 3 . B g O mean
o I
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[International Soil Moisture Network] [Heistermann, HESS 25 (2021) 4807] [Balenzano et al., Data in Brief 38 (2021) 107345]




» Sl-traceable measurements

- Calibration facilities for point scale sensors

- Primary measurement methods and transfer standards

- Provide a traceability scheme to CRNS
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Pathways to CRNS:
MI I evolving detectors and neutron modeling

CRNS as an emerging technology platform

Land

1318

Physikalisches Institut
Heidelberg University
Germany




Pathways to CRNS:
MI I evolving detectors and neutron modeling

CRNS as an emerging technology platform

* Independent modeling and simulation results

Land

1338

Physikalisches Institut
Heidelberg University
Germany




Pathways to CRNS:
MI I evolving detectors and neutron modeling

CRNS as an emerging technology platform

* Independent modeling and simulation results

* Solutions for detection systems
— Independent, non-invasive sensor operation and low maintenance

Land

1338

Physikalisches Institut
Heidelberg University
Germany




Pathways to CRNS:
MI I evolving detectors and neutron modeling
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Pathways to CRNS:
MI I evolving detectors and neutron modeling

CRNS as an emerging technology platform

* Independent modeling and simulation results
* Solutions for detection systems

— Independent, non-invasive sensor operation and low maintenance
» Different Networks (COSMOS, UK, EU, Germany) - different telemetry
solutions (loT-Integration / LTE / LoRa)

e SOMMET (PTB): Sl-traceable standardization of soil moisture
measurements
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