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O
verall O

bjective

�
Technologies for increased situational 
aw

areness of advanced reactor 
com

ponent condition and m
argins to 

failure, enabling proactive operations 
and m

aintenance 
•

S
ensors and m

easurem
ent technologies for 

in-situ m
onitoring of hard-to-replace 

advanced reactor passive com
ponents

•
D

iagnostic technologies for assessing 
m

aterial and com
ponent condition

•
P

rognostic health m
anagem

ent (P
H

M
) for 

predictive estim
ates of probabilities of failure
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Previous R
esearch A

ddressed 
Statistical Tools for D

am
age 

Prognostics
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A
ssessm

ent of rem
aining life for passive com

ponents requires nondestructive 
m

easurem
ent of prognostic indicators (signatures that are sensitive to m

aterial 
dam

age condition) and the ability to m
onitor com

ponents over tim
e.
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M
easurem

ent Technologies for 
Prognostic Indicators...
O

bjectives

�
Identify in-situ m

easurem
ent technologies that support early detection 

of degradation m
odes of interest to advanced reactors, especially in 

inaccessible and hard-to-replace com
ponents 

�
C

om
plete design and fabrication of necessary sensors for in-situ 

nondestructive evaluation (N
D

E) of com
ponents 

�
Evaluate sensitivity of selected in-situ N

D
E m

easurem
ent 

technologies to selected advanced reactor (A
R

) passive com
ponent 

degradation m
odes

�
A

ssess diagnostic and prognostic ability from
 N

D
E m

easurem
ents for 

selected advanced reactor passive com
ponent degradation m

odes
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Technology Im
pact

�
Enhanced asset condition aw

areness and early w
arning of loss 

of integrity by m
easuring key indicators of degradation

•
E

arly w
arning of potential degradation in inaccessible passive 

com
ponents leading to failure in advanced reactor environm

ents
�

G
reater understanding of precise plant com

ponent conditions, 
leading to im

proved estim
ates of m

argins to failure
•

O
ffset lim

ited know
ledge of physics of failure m

echanism
s for m

aterials in 
advanced reactor environm

ents 
�

R
educe labor dem

ands arising from
 current requirem

ents for 
periodic equipm

ent surveillance and inspection 
•

E
nhance affordability and safe operation of A

dvanced R
eactors over their 

lifetim
e

�
Enable condition-based m

aintenance activities, w
hich support 

lifetim
e degradation m

anagem
ent and a science-based 

justification for extended plant lifetim
e
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Technical A
pproach

�
Focus: In-situ sensing to detect and characterize 
cracking

in hard-to-access and hard-to-replace 
SFR

 passive com
ponents (m

ostly prim
ary system

 
com

ponents), com
plem

enting and in som
e cases 

replacing periodic in-service inspections

�
Sim

ulation m
odeling: Initial assessm

ent of 
m

easurem
ent capability and deploym

ent options

�
Sensor and instrum

entation design and evaluation
•

Leverage existing w
ork w

here applicable

�
Sensitivity and reliability estim

ates based on 
laboratory m

easurem
ents

•
Lim

ited sim
ulation studies to augm

ent laboratory studies
•

Q
ualitative and quantitative assessm

ent of diagnostic and 
prognostic capability
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N
D

E M
ethods C

onsidered

�
G

enerally w
idely applied for ISI in 

nuclear pow
er and other applications

�
M

odifications necessary to support 
advanced reactor needs

�
A

coustic
•

Linear and nonlinear ultrasonics
•

B
ulk and guided m

odes of operation
•

A
coustic em

ission
�

Electrom
agnetic

•
E

ddy current
•

M
agnetic B

arkhausen
�

O
ptical
•

LD
V

 for vibration m
onitoring
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Im
m

ersion

C
ontact

Sim
ulation Studies Provided K

ey 
Insights on Prognostic Indicators

�
Potential for highest sensitivity 
from

 contact probes using bulk 
w

ave inspection
•

Im
m

ersion system
s lim

ited in ability to 
detect and size cracking

•
G

uided w
aves: sensitivity m

ay be a 
challenge

�
Potential for prognostic capability 
on crack grow

th in SFR
 

environm
ents using ultrasonic 

m
easurem

ents 
•

Tem
perature effects on detection and 

prognostic ability appear to be lim
ited

•
S

tudies indicate other factors 
(orientation, grain structure, presence 
of N

a, etc.) have greater effect

Specular Am
plitude

Tip Am
plitude

G
uided W

ave
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H
arm

onics in U
ltrasound m

ay Provide 
A

dditional Sensitivity to Earlier Stages 
of D

egradation

�
Sensitive to m

icrostructural 
changes due to degradation
•

P
recipitates size and num

ber 
density

•
D

islocation loop density

�
Interpretation of m

easured 
response challenging and is 
an open question

�
U

se in rem
aining life 

assessm
ent w

ill require 
long-term

 m
onitoring

M
odel P

redictions

M
easurem

ent D
ata
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Parallel In-Situ Sensor D
esign and 

Fabrication Pathw
ays Leverage Prior 

R
esearch

�
N

EU
P: H

igh tem
perature piezoelectric sensors and 

in-field fabrication m
ethods

�
N

EET: Piezo m
aterial survivability under irradiation

�
AR

T: U
nder-sodium

 view
ing

�
PN

N
L LD

R
D

: N
ew

 piezoelectric sensor m
aterials

�
M

aterials selection and design m
odifications found 

to be necessary to account for higher tem
peratures 

and structural com
ponents requiring m

onitoring

C
o
u
rte

s
y
 D

r. C
. L

is
s
e
n
d
e
n

a
n
d
 D

r. B
. T

ittm
a
n
n

(P
e
n
n
 S

ta
te

 U
n
iv

e
rs

ity
)

Pulsed laser deposition (PLD
)

Piezoresponse
Force M

icroscopy

C
o
u
rte

s
y
 D

r. T
. K

a
s
p
a
r 

(P
N

N
L
)

C
o
u
rte

s
y
 D

r. J
. D

a
w

(IN
L
)
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Field-Fabricated Transducers

�
R

esearch conducted at Penn 
State (D

r. C
. Lissenden

and D
r. B

. 
Tittm

ann)
�

Transducers “painted on” 
specim

ens
�

Enable in-situ m
onitoring, though 

m
ethods for environm

entally 
sealing probe m

ay be needed
�

Initial tests conducted on sensor 
survivability at high tem

perature

U
ltrasonic data for B

iT
R

ing Transducer

R
ing Transducers
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C
ontact Probe for Inspection and 

M
onitoring: M

aterials C
om

patibility 
and Survivability Tests 

S
elected M

aterials perform
 w

ell at tem
perature; D

esign m
odification 

for addressing potential therm
al cycling issues.
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N
ext Steps

�
C

om
plete fabrication and testing of transducers

•
E

valuate design using long-term
 tests (hold at 

tem
perature, therm

al cycling) and in-sodium
 testing 

�
C

om
plete reliability assessm

ent for inspection 
m

odes for in-sodium
 and ex-sodium

 
com

ponents

�
A

ssess prognostic ability from
 m

easurem
ents 

for cracks and other degradation m
echanism

s
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Sum
m

ary

�
R

esearch
focused

on
addressing

high-im
pacttechnicalgaps

for
assessing

passive
com

ponentcondition
in

advanced
reactors

•
S

ensors
and

m
easurem

ent
param

eters
for

in-situ
m

onitoring
of

critical,
hard-to-replace

passive
com

ponents
in

advanced
reactors

•
S

im
ulation m

odeling and experim
ents being applied to assess 

m
easurem

ent reliability and prognostic ability
�

O
utcom

es enable
•

Tools for early w
arning of potential degradation in inaccessible passive 

com
ponents leading to failure in advanced reactor environm

ents
•

M
ethods to assess passive com

ponent reliability w
hile com

pensating for 
lim

ited know
ledge of physics of failure m

echanism
s in advanced reactor 

environm
ents

�
O

utcom
es support

•
Im

proved reliability and econom
ics for advanced reactors
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