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Project O
verview

 

�
M

otivation: N
uclear Energy O

EM
S ID

’d a high priority need for a 
liquid flow

 sensor to m
onitor reactor coolant flow

 
�

O
bjective: D

evelop a coolant flow
 sensing system

 
•

Build upon prior Sporian-O
EM

 collaboration for liquid and gas flow
 sensors 

•
Harsh environm

ent operation: 350°C; 2500 PSIG; 0.9 m
/s liquid flow

; borated 
w

ater; irradiation (~8E+20 n/cm
2 fluence over the 60-year life of the reactor) 

�
Task schedule in Phase II: 
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Technical A
pproach 

�
B

ased on established anem
om

etry m
ethods 

�
B

uild upon prior Sporian developm
ent of liquid and gas flow

 
sensors 
•

Leverage S
porian’s previous experience in high tem

perature sensor 
m

aterials, packaging, and design 
�

Focus on m
aterials, 

packaging, and testing 
•

B
orated w

ater 
•

Irradiation effects 
•

M
edia isolation (i.e., 

high-pressure sealing) 
•

D
em

onstration and 
calibration 
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Phase I R
esults 

�
M

aterials Testing 
•

M
aterial screening by gam

m
a spectroscopy 

•
S

oak in 300°C
, 1600psig borated w

ater 
�

Prototype D
evice D

esign and Testing 
•

FE
A

 to m
axim

ize sensitivity 
•

A
ctive device irradiation test (1E

+18 n/cm
2 fast) 

•
Flow

 testing - 1600psig, 315°C
 w

ater 
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Phase II R
esults 

�
Task 2 M

ilestone:  2
nd-generation device designs and processes 

developed, and prototype sensor & packaging hardw
are constructed 

•
B

orated w
ater corrosion/com

patibility 
•

Irradiation insensitivity 
•

M
edia isolation 

•
E

lectrical interconnect reliability 
 

 

 

P
hase I P

rototype 

P
hase II, Task 2 P

rototype 

M
etal M

igration Through P
orous C

eram
ic 



6 

Phase II R
esults 

�
Task 3 M

ilestone:  O
perational, 1

st-generation, integrated 
electronics platform

 that can be used to support parallel and 
subsequent testing and prototyping efforts  
•

A
nalog and digital versions 
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Phase II R
esults 

�
Task 4 M

ilestone:  Experim
ental results from

 testing of  
2

nd-generation designs and prototypes 
•

100’s of hours in S
porian flow

 loop (50°C
, 1 atm

, 3 ft/s m
ax) 

•
Therm

al soak, shock, cycling 
•

100 hours in 300°C
 pressurized w

ater 
•

E
lectronics verification 

W
ater Flow

 
Test Loop 

Therm
al C

ycling &
 S

hock  
Test S

ystem
 

H
igh-tem

p, H
igh-pressure 

W
ater Test S

ystem
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Phase II Future W
ork 

�
Task 5 (A

ug 2017 – M
arch 2018): R

edesign based on test results 
•

R
eliability 

•
O

ptim
ize signal:noise 

•
D

esign for m
anufacture 

•
A

pplication-specific packaging 
 

    
�

M
onth 16 M

ilestone: 3
rd-generation device designs 

�
M

onth 20 M
ilestone: 3

rd-generation device prototypes 
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Phase II Future W
ork 

�
Task 6: R

igorous lab-scale testing of 3rd-generation prototypes. 
•

S
ensors, packaging, and fully integrated electronics 

•
P

artially coupled tem
perature, pressure, and flow

 testing (in-house) 
•

Fully coupled tem
perature, pressure, and flow

 testing (external test 
facilities) 

•
A

ctive device irradiation 
•

S
teps tow

ard nuclear qualification 
   

�
M

onth 24 M
ilestone:  

R
igorous experim

ental results  
show

ing the application suitability of 3
rd-gen designs and prototypes. 

A
M

S
 flow

 loop – transition from
 1.7 to 2.6 fps 
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Technology Im
pact 

 
�

C
ontribute to understanding of coolant dynam

ics 
 

�
Im

proved reactor efficiency and safety 
 

�
B

enefits of Sporian’s design 
•

S
ingle vessel penetration 

•
M

inim
al flow

 restriction 
•

S
uitable for large non-pipe flow

 channels 
•

H
igh accuracy 

•
D

iversity 
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C
onclusion 

 
�

N
ew

 need for flow
 sensor in passively safe reactors 

 
�

Sporian developing novel coolant flow
 sensor 

 
�

Status:  3
rd generation product design 

 
�

Phase II ends July 2018 

S
porian M

icrosystem
s, Inc. 

Jon Lubbers  
303-516-9075 x16, jlubbers@

sporian.com
 


