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Snow Pillow Limitations

Fluid based measurement

Environmental concerns

Vulnerable to damage

Weighing based principle



Users 
requests

No fluid

Transportable
Helicopter, mule, truck, carry

1-day installation

Robust 
10-15 years of low maintenance measurements

Simple system integration



Build a reliable, accurate, durable, 
fluidless snow water content sensor.

GOAL



Dual Sensor Development

FSP - Fluidless Snow Pillow
• Removes fluid

• Familiar measurement principle

• Lower cost

CRD - Cosmic Ray Detector
• Eliminates existing limitations

• High confidence in measurement principle

• Potentially a longer period before turnkey

AH5
AH4



Slide 6

AH5 animate
Anne Heggli, 11/3/2017

AH4 attenuation to detector
Anne Heggli, 11/3/2017



Snow Pillow Limitations

Fluid based measurement

Environmental concerns

Vulnerable to damage

Weighing based principle

FSP & CRD

FSP & CRD

FSP & CRD

CRD



Full Prototype 
Testing
YEAR 1 OBJECTIVES

2016 ‐ 2017





FSP9 FSP5
Measu rement   a rea :   9   s q .   F t .   ( 2 . 7   m ² ) 9   s q .   F t .   ( 2 . 7   m ² )

To ta l   su r fa ce   a rea : 8 1   s q .   F t .   ( 2 4 . 7   m ² ) 2 5   s q .   F t .   ( 7 . 6   m ² )

S ide  pane l   bu f fe r : 3   f e e t   ( 0 . 9 1   m ) 1   f o o t   ( 0 . 3   m )

FSP5
FSP9

SNOTEL
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SWE  Comparison Winter 2016-17
FSP5, FSP9, SNOTEL & Manual Measurements

Rain on Snow

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



Cosmic Ray 
Detector
YEAR 1 OBJECTIVE B



Passive cosmic rays scatter 
constantly through our atmosphere.



Attenuation correlates 
to water content

Reference

Ground



Cosmic Ray 
Detector (CRD)
•Improved enclosure design
• Aluminum housing
• Gasketed housing
• IP68 Marine Grade Cable Gland

•Digital output – Ethernet port

•No – Low Maintenance



Testing for 
Accuracy
Tested under 66 inches 
(~1700 mm) of water
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B: Second year of FSP data & full winter 
of CRD data

YEAR 2 OBJECTIVE



Winter    
2017‐18

•Comparison of:
• FSP5 & FSP9
• CRD
• SNOTEL - Snow Pillow
• Snow Cores

Reference

Ground

FSP5
FSP9



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

mm inch

250 9.8

500 19.6
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1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7









March 19, 2018
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Test Field Distribution Snow Distribution March 19-28 2018

Snow Depth Snow Depth at CRD Tower SWE Estimated SWE at CRD Tower

SWE
688 mm

27 in
489 mm

19 in

Depth

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

13 days of 
max temp 
above 10 C

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

13 days of 
max temp 
above 10 C

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

137 mm 
(100% snow)

47 mm precip
100% snow

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

12 mm precip 
80%  rain

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

29 mm precip 
75%  rain

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



SWE  Comparison Winter 2017-18
FSP5, FSP9, SNOTEL & Manual Measurements

155 mm precip 
100% snow

mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



mm inch

250 9.8

500 19.6

1000 39.4

1500 59.1

2000 78.7



THANK YOU!


