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FC
R

D
 A

dvanced Fuels C
am

paign

n
D

evelop near-term
accident tolerant LW

R
fueltechnology

n
Perform

 research and developm
ent of long-term

 transm
utation

options

2

ATF
A
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Fuel D
evelopm

ent Life C
ycle

Irradiation
Testing

Perform
ance

A
ssessm

ent

C
eram

ic &
 

M
etallic 

Fuel and 
M

aterial 
Fabrication

Feedstock 
Preparation &

 
C

haracterization

Postirradiation
Exam

ination

Transient
Testing 
Potential

Fresh Fuel 
C

haracterization

A
dvanced 

Fuel 
D

esign

M
ulti-Physics 

M
odeling &

 
Sim

ulation 
(M

oose-B
ison-M

arm
ot)

O
ut-of-

Pile 
Testing

3

In-reactor 
Instrum

entation

R
eal-tim

e data output

A
ccess to results sooner

Interm
ediate data 

available

Typically 3-5 years

Longer for higher burnup experim
ents

Single data point at end of irradiation



In-R
eactor Test G

oals

Irradiation Experim
ent G

oals:

n
D

em
onstrate new

 fuel behavior
n

M
easure bulk fuel behavior, 

integral fuel perform
ance: 

m
acroscopic

scale
n

C
ollect sm

aller length-scale data 
for m

odeling and sim
ulation:

m
icroscopic scale

n
C

om
pare

new
 fuels to historic 

fuels database
n

Identify life-lim
iting phenom

ena

In-reactor Instrum
entation G

oals:

n
O

bserve “real-tim
e”

fuel behavior
n

Provide access to results before 
postirradiation exam

ination (PIE)
n

Inform
 decisions on continued 

irradiation or w
ithdraw

al based 
on perform

ance data
n

G
enerates interm

ediate
fuel 

behavior data

4



Fuel B
ehavior is C

om
plex

5

C
la

d
d
in

g
: sta
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e
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irca
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y

F
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n
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a
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b
b
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e
, K
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a
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b
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g
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In-Situ Instrum
entation C

onsiderations

Experim
ent Types

n
Static C

apsules
–

sim
p
le

st d
e
sig

n

–
m

o
st co

st-e
ffe

ctive

–
a
cco

m
m

o
d
a
te

 w
ire

le
ss 

in
stru

m
e
n
ts

n
Instrum

ented Lead
–

e
xte

n
sive

 d
e
sig

n
 a

n
d
 h

a
n
d
lin

g

–
a
cco

m
m

o
d
a
te

 w
ire

d
 in

stru
m

e
n
ts

n
Loop Experim

ents
–

co
o
la

n
t e

n
viro

n
m

e
n
t co

n
tro

lle
d
 

in
d
e
p
e
n
d
e
n
t o

f A
T

R
 co

o
la

n
t

–
a
cco

m
m

o
d
a
te

 w
ire

le
ss o

r w
ire

d
 

in
stru

m
e
n
ts

Instrum
ent Types

n
W

ired
–

o
n
ly in

 in
stru

m
e
n
te

d
 le

a
d
s a

n
d
 

lo
o
p
s

–
h
a
n
d
lin

g
 co

n
ce

rn
s

n
W

ireless
–

a
p
p
lica

b
le

 to
 a

n
y e

xp
e
rim

e
n
t typ

e

M
easurem

ent Types
n

State Point
–

e
n
d
 o

f irra
d
ia

tio
n
 

–
su

p
p
le

m
e
n
ta

l d
a
ta

, b
u
t lim

ite
d

n
R

eal Tim
e

–
p
ro

vid
e
s m

o
re

 d
a
ta

–
d
e
ta

ile
d
 h

isto
ry o

f lo
n
g
 

e
xp

e
rim

e
n
ts
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In-reactor Instrum
entation C

onstraints

n
Sm

all diam
eter experim

ents
–

Irra
d

ia
tio

n
 e

xp
e

rim
e

n
ts a

re
 u

su
a

lly re
p

re
se

n
ta

tive
 o

f p
ro

to
typ

ic re
a

cto
r fu

e
l p

in
 

d
im

e
n

sio
n

s ~
5

.8
-9

.5
 m

m
 (0

.2
3

0
-0

.3
7

4
 in

.) O
D

n
Sm

all in-reactor experim
ent locations

–
T

yp
ica

l A
T

R
 e

xp
e

rim
e

n
t p

o
sitio

n
s 1

5
-3

8
 m

m
 (0

.6
2

-1
.5

 in
.) ID

n
Stability and Survivability
–

In
stru

m
e

n
ts m

u
st su

rvive
 irra

d
ia

tio
n

 a
n

d
 fu

e
l e

n
viro

n
m

e
n

t w
ith

 n
o

 (o
r kn

o
w

n
) 

d
rift

–
In

stru
m

e
n

ts m
u

st su
rvive

 re
a

cto
r co

n
d

itio
n

s:
•

h
ig

h
 n

e
u

tro
n

 flu
x

•
h

ig
h

 te
m

p
e

ra
tu

re
/h

ig
h

 p
re

ssu
re

•
ch

e
m

ica
l e

n
viro

n
m

e
n

ts 

–
W

ire
d

 in
stru

m
e

n
ts m

u
st fit th

ro
u

g
h

 re
a

cto
r p

re
ssu

re
 ve

sse
l fe

e
d

th
ro

u
g

h
s (le

a
k 

tig
h

t)

n
Lim

ited space (feedthroughs) for w
ired instrum

entation
–

A
T

R
 lo

o
p

s a
re

 lim
ite

d
 to

 2
4

 le
a

d
s (5

-6
 in

stru
m

e
n

te
d

 ro
d

s p
e

r te
st tra

in
)

n
Total cost (fixed program

 budgets)
–

E
xp

e
rim

e
n

ts w
ith

 in
stru

m
e

n
te

d
 le

a
d

s a
re

 m
o

re
 e

xp
e

n
sive

 to
 d

e
sig

n
, b

u
ild

, a
n

d
 

o
p

e
ra

te

7



A
FC

 Irradiation Experim
ents in A

TR

n
D

rop-In C
apsule

–
O

utboard A
 Positions

–
M

e
ta

llic tra
n

sm
u

ta
tio

n
 fu

e
l 

e
xp

e
rim

e
n

ts

–
C

d
-sh

ro
u

d
e

d
 b

a
ske

ts filte
r th

e
rm

a
l 

flu
x

–
R

o
d

le
t in

sid
e

 S
S

 ca
p

su
le

 (sa
fe

ty 
b

a
rrie

r)

–
G

a
s g

a
p

 p
ro

vid
e

s p
ro

to
typ

ic 
cla

d
d

in
g

 te
m

p
e

ra
tu

re

–
Sm

all I positions
–

A
T

F
-1

 fe
a

sib
ility te

st

–
R

o
d

le
ts in

 in
d

ivid
u

a
l ca

p
su

le
s

(a
xia

l sta
ck o

f 5
)

n
Instrum

ented Lead
–

C
enter Flux Trap W

ater Loop 2A
–

A
T

F
-2

 d
e

m
o

n
stra

tio
n

 te
st

–
P

ro
to

typ
ic P

W
R

 co
n

d
itio

n
s

–
T

e
st T

ra
in

 w
/In

stru
m

e
n

te
d

 le
a

d
s

–
A

-p
rio

ri S
e

n
so

r Q
u

a
lifica

tio
n

 T
e

st 
(S

Q
T

)
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C
urrent Irradiation Test Instrum

entation

n
M

elt W
ires

–
A

T
F

-1

–
in

se
rte

d
 in

sid
e
 d

U
in

su
la

to
r p

e
lle

ts

n
Flux M

onitors
–

A
T

F
-1

 b
a
ske

t

n
SiC

 Tem
perature M

onitors
–

A
T

F
-1

 a
n
d
 A

T
F

-2
 e

xp
e
rim

e
n
ts

9

In-basket Flux W
ires

In-P
ellet M

elt W
ires

E
m

bedded S
iC

therm
om

etry disc

U
O

2 D
isc

C
onstraint

ring

S
pring to push 

S
iC

therm
om

etry 
flat w

ith clad disc
C

lad disc

S
iC

Therm
om

etry



A
TF Loop Instrum

entation

1
0

Fuel Test (Planned)
Param

eter
Sensor

Source

F
u
e
l 

Te
m

p
e
ra

tu
re

H
T

IR
-T

C
IN

L

G
a
s P

re
ssu

re
LV

D
T

/
B

e
llo

w
s

H
a
ld

e
n

F
u
e
l E

lo
n
g
a
tio

n
LV

D
T

H
a
ld

e
n

C
la

d
d
in

g
 

E
lo

n
g
a
tio

n
LV

D
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H
a
ld

e
n

C
o
o
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n
t W

a
te
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E

le
ctro

-
ch

e
m

ica
l

P
o
te

n
tia
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E
C

P
H

a
ld

e
n

N
e
u
tro

n
F

lu
x

F
lu
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W

ire
IN

L

C
o
o
la

n
t W

a
te

r 
Te

m
p
 –

C
o
re

R
e
g
io

n
T

C
IN

L

SQ
 Test Lead A

rrangem
ent

To
p
 T

ie
r

L
e
a
d
 S

h
e
a
th

 D
ia

m
e
te

r 
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e
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0
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3
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0
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6
3

0
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2
5

M
u
ltip

le
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D
T

 S
in

g
le

 
B

e
llo

w
s

6
  (2

 P
e
r 
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D

T
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1

LV
D

T
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in
g
le

 B
e
llo

w
s

2
  (2

 P
e
r 

LV
D

T
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1

LV
D

T
 S
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g
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 B
e
llo

w
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2
  (2

 P
e
r 
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D

T
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1
O

p
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l P
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ssu
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5
H

T
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 T
C

2
T
yp

e
 N

 T
C

1
T
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e
 N

 T
C

 w
ith

 T
A

C
1

U
ltra

so
n
ic M

u
ltip

o
in
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Te

m
p
 

1
M

P
F

D
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e
u
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n
 D

e
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cto
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L
e
a
d
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0
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3
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0
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e
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SQ
T Instrum

entation (Top Tier)

n
Sensors to be evaluated have potential advantages, but have not 
been dem

onstrated previously in-core
–

D
e
ve

lo
p
m

e
n
ta

l se
n
so

rs m
a
y b

e
 u

se
d
 in

 A
T

F
-2

 fu
e
le

d
 e

xp
e
rim

e
n
t if 

p
e
rfo

rm
a
n
ce

 is e
xce

p
tio

n
a
l

1
1



Flow
ing A

utoclave Test –
M

ock-up of 
SQ

T Prior to A
TR

 Insertion

n
W

estinghouse Electric R
esearch 

Laboratory –
C

hurchill, PA
n

C
ollaboration w

ith IFE / H
alden

n
A

ssem
ble m

ock-up test train at 
IN

L and ship to W
estinghouse 

n
A

TR
 / PW

R
 Prototypic O

perating 
C

onditions
n

Evaluate durability of sensors 
under high flow

/w
ater Tem

p 
conditions

n
Exam

ine C
hem

ical Interactions
–

C
ru

d
 b

u
ild

u
p

–
C

la
d
 co

rro
sio

n

–
F

o
rm

a
tio

n
 o

f d
isso

lve
d
 so

lid
s

–
P

la
tin

g
 o

n
 cla

d
 su

rfa
ce

s

1
2



H
alden LVD

T B
ased Instrum

ents

n
Perform

ance and robustness dem
onstrated over several years and irradiations

n
U

sed in test reactors w
orldw

ide
n

N
ot previously dem

onstrated in A
TR

 –
m

inor m
odifications are being im

plem
ented  for fuel 

and clad elongation m
easurem

ents
1
3



Fuel Extensom
eter: Pellet Stack G

row
th

C
ladding Extensom

eter: Pin G
row

th

n
Potential issues to be 
evaluated:

–
Irra

d
ia

tio
n
/te

m
p
e
ra

tu
re

 
re

sp
o
n
se

 o
f L

V
D

T

–
W

a
te

r in
g
re

ss a
n
d
 vib

ra
tio

n
 

d
a
m

a
g
e
 in

 M
IM

S
 ca

b
le

s

–
S

e
n
sitivity o

f L
V

D
T

/C
o
re

 
co

m
b
in

a
tio

n
s

n
C

hanges from
 H

alden
design for A

TR
 

application:
–

F
u
e
l E

xte
n
so

m
e
te

r:

•
T

yp
e
-1

0
 L

V
D

T
 fits a

ro
u
n
d
 

fu
e
l ro

d

•
C

o
re

 p
la

ce
d
 o

n
 e

n
d
 o

f fu
e
l 

sta
ck/n

o
 p

u
sh

ro
d

1
4

Linear variable
differential

transform
er (LVD

T)

M
agnetic core

Support for
m

agnetic core

End plug

Spring

Fuel stack

Test rig structure
Fuel rod upper
end plug

Plenum
 spring

Fuel pellets

C
ladding

Fuel rod low
er end plug

C
ore holder

Ferritic
core

LVD
T

Test rig structure
F

u
e
l E

xte
n
so

m
e
te

r
C

la
d
d
in

g
 E

xte
n
so

m
e
te

r



H
igh-Tem

perature Irradiation R
esistant 

Therm
ocouple: Fuel C

enterline 
Tem

perature

n
N

ear term
 developm

ent to address existing lim
itations:

–
L
a
ck o

f N
b
-1

%
Z

r a
va

ila
b
ility

–
A

ctiva
tio

n
 o

f h
a
fn

ia
 a

n
d
 a

va
ila

b
ility o

f n
e
w

e
r in

su
la

tio
n
 m

a
te

ria
ls

–
C

u
rre

n
t e

ffo
rt to

 im
p
ro

ve
 H

T
IR

-T
C

 w
ith

 n
e
w

e
r m

a
te

ria
ls (D

o
p
e
d
 N

b
, Y

ttria
)

1
5

H
T

IR
-T

C
s p

e
rfo

rm
e
d
 w

e
ll th

ro
u
g
h
o
u
t A

G
R

-
1
 irra

d
ia

tio
n
s (w

h
ile

 co
m

m
e
rcia

l T
C

s fa
ile

d
)

H
T

IR
-T

C
s p

a
te

n
te

d
 b

y B
E

A
 a

n
d
 d

e
p
lo

ye
d

In
itia

l e
va

lu
a
tio

n
s su

g
g
e
ste

d
 d

o
p
e
d
 M

o
/N

b
-1

%
Z

r th
e
rm

o
e
le

m
e
n
ts w

ith
 H

fO
2

in
su

la
tio

n
 a

n
d
 N

b
1
%

Z
r sh

e
a
th

s m
o
st su

ita
b
le

 co
m

b
in

a
tio

n
 fo

r H
T

IR
-T

C
s.  



U
ltrasonic Therm

om
eter:

Fuel C
enterline Tem

perature

n
Potential im

provem
ents over therm

ocouple:
–

V
e
ry h

ig
h
 te

m
p
e
ra

tu
re

 ca
p
a
b
ility

–
M

u
lti-p

o
in

t m
e
a
su

re
m

e
n
t

–
S

e
n
so

r m
a
te

ria
l se

le
cta

b
le

 fo
r e

n
viro

n
m

e
n
t 

a
n
d
 te

m
p
e
ra

tu
re

 ra
n
g
e

–
S

Q
T

 U
T

 m
a
y h

a
ve

 sin
g
le

 se
g
m

e
n
t

1
6

1
5
0
 m

m
 se

n
so

r w
ith

 1
5
 se

g
m

e
n
ts



M
icro Pocket Fission D

etector (M
PFD

): 
Environm

ental Tem
perature and N

eutron Flux

n
Three sensors in a single, com

pact 
package:

–
T

h
e
rm

a
l n

e
u
tro

n
 d

e
te

cto
r

–
F

a
st n

e
u
tro

n
 d

e
te

cto
r  

–
T

e
m

p
e
ra

tu
re

 d
e
te

cto
r

–
M

o
d
u
la

r d
e
sig

n
 m

a
y a

llo
w

 m
o
re

 
ch

a
m

b
e
rs

n
M

PFD
s use parallel plate fission cham

ber 
design

–
N

e
u
tro

n
 sig

n
a
l n

o
t b

a
se

d
 o

n
 fu

ll e
n
e
rg

y 
d
e
p
o
site

d
–

S
m

a
ll size

–
F

a
st re

sp
o
n
se

–
In

h
e
re

n
t b

a
ckg

ro
u
n
d
 ra

d
ia

tio
n
 d

iscrim
in

a
tio

n

n
Prototype evaluated in H

TTL furnaces and 
K

SU
 TR

IG
A

 reactor
–

T
e
ste

d
  to

  5
0
0
ºC

 fo
r 1

0
0
0
 h

o
u
rs

–
T

e
ste

d
 in

 a
 T

R
IG

A
 a

t 1
0

1
3

n
/cm

2-s

n
C

urrent effort to design for tem
peratures to 

800ºC
1
7



Therm
al

Diffusion
Distance

Therm
oacoustic (TA

C
) Sensor:

Fluid Tem
perature

n
Self-pow

ered via tem
perature differential

n
W

ireless: inform
ation carried by pure tone 

acoustic signal
n

Frequency of signal function of gas 
characteristics (com

position and 
tem

perature) and geom
etry of resonator

n
Potential uses:

–
F

lu
id

 te
m

p
e
ra

tu
re

 m
e
a
su

re
m

e
n
t

•
T

C
 in

clu
d

e
d

 fo
r te

m
p

e
ra

tu
re

 ve
rifica

tio
n

–
D

im
e
n
sio

n
a
l ch

a
n
g
e
s

–
P

o
ro

sity

–
F

lu
x m

e
a
su

re
m

e
n
t

–
R

e
a
cto

r co
n
d
itio

n
 m

o
n
ito

rin
g

–
P

o
w

e
r h

a
rve

stin
g

–
G

a
s co

m
p
o
sitio

n

1
8

T
++

d
k

To
1

T
++

Q
hot

T
+++

3
T
+4

2

Q
cold

T
++++

T-

Hot	Heat
Exchanger

Stack
Cold	Heat
Exchanger

Resonator

S
uccessfully 

dem
onstrated at P

enn 
S

tate B
reazeale

R
eactor S

ept. 2015



Luna Innovations Fiber O
ptic Sensor:

Pin G
as Pressure

n
Fiber optic pressure sensor significantly sm

aller than LVD
T based system

n
Fiber optics know

n to degrade –
outside core region for A

TR
 application

n
Extrinsic Fabry-Perot 
Interferom

etry
–

1
/1

6
 in

ch
 d

ia
m

e
te

r

–
1
.5

 in
ch

 le
n
g
th

–
D

e
m

o
n
stra

te
d
 to

 1
6
0
0
0
 

p
si

–
R

e
sp

o
n
se

 tim
e
 d

o
w

n
 to

 1
3
 

μ
s

n
O

ther sensors possible 
based on m

ethod:
–

T
e
m

p
e
ra

tu
re

–
D

im
e
n
sio

n
a
l ch

a
n
g
e
s

1
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SQ
T D

istributed C
ontrol System

 (D
C

S)

2
0

T
h
e
 D

C
S

 p
ro

vid
e
s d

a
ta

 a
cq

u
isitio

n
 a

n
d
 co

n
tro

l ca
p
a
b
ilitie

s 
a
sso

cia
te

d
 w

ith
 th

e
 A

T
F

-2
 S

Q
T

 g
a
s p

a
n
e
l a

n
d
 e

xp
e
rim

e
n
t a

s 
w

e
ll a

s th
e
 2

A
 e

xp
e
rim

e
n
t lo

o
p
. 



A
dvanced Fuels C

am
paign 

N
D

M
A

S D
atabase

n
E

stablished the A
TF S

hareP
oint site

n
C

reated a hom
e site for the program

n
C

reated a site-w
ide library for unrestricted docum

ents
n

C
reated sub-sites for D

evelopm
ent Team

s
n

E
ach site has a hom

e page and a docum
ent library

n
Q

ualification plans being developed for A
TR

, P
IE

, and TR
E

A
T

n
S

hould be available external to IN
L in FY

17.

ATF 
H

om
e

W
EC

H
om

e
G

E 
H

om
e

AREVA 
H

om
e

Library

Library
Library

Library

Search 
Page

ATR O
perating 

C
onditions

D
rop-off 

Library
U

nrestricted or 
team

 lim
ited

W
orkflow

 w
ith 

approval

21



A
TF-2 Test Train C

onceptual D
esign

2
2

In-pin ferritic cores 
can be used for 
periodic in-canal 
m

easurem
ents of 

clad and fuel 
elongation Tiers 1 -4



A
TR

 Loop C
ondition Sensors/C

ontrols

n
Therm

o-couples (TC
s) to m

easure inlet and outlet tem
peratures

–
ca

n
 a

d
ju

st w
a
te

r te
m

p
e
ra

tu
re

 “o
n
 th

e
 fly” d

u
rin

g
 irra

d
ia

tio
n
 te

stin
g
 a

s n
e
e
d
e
d

n
Flow

 m
eters to m

easure loop flow
 rates

–
ca

n
 a

d
ju

st w
a
te

r flo
w

 ra
te

 “o
n
 th

e
 fly” d

u
rin

g
 irra

d
ia

tio
n
 te

stin
g
 a

s n
e
e
d
e
d

n
In-line C

hem
ical sensors

–
H

2
, C

o
n
d
u
ctivity, p

H

n
W

ater “grab sam
ple” collected daily 

–
B

o
ro

n
 m

e
a
su

re
m

e
n
t d

a
ily; d

isso
lve

d
 m

e
ta

l co
n
stitu

e
n
ts m

e
a
su

re
d
 w

e
e
kly

n
Electro-chem

ical Potential (EC
P)

–
M

e
a
su

re
s co

n
ce

n
tra

tio
n
s o

f d
isso

lve
d
 o

xid
a
n
ts in

 lo
o
p
 co

o
la

n
t w

a
te

r

–
W

ill b
e
 u

se
d
 to

 m
o
n
ito

r fo
rm

a
tio

n
/d

isso
lu

tio
n
 o

f cla
d
 co

rro
sio

n

–
H

a
ld

e
n

re
a
cto

r h
a
s d

e
ve

lo
p
e
d
 a

 re
fe

re
n
ce

 e
le

ctro
d
e
 th

a
t is ca

p
a
b
le

 o
f w

ith
sta

n
d
in

g
 in

-co
re

 
co

n
d
itio

n
s –

h
a
s b

e
e
n
 su

cce
ssfu

lly u
se

d
 in

 H
a
ld

e
n

R
e
a
cto

r

n
C

ore region Therm
o-C

ouple
–

M
e
a
su

re
s co

o
la

n
t w

a
te

r te
m

p
e
ra

tu
re

 in
 th

e
 co

re
 re

g
io

n
 (in

clu
d
e
d
 in

 th
e
 A

T
F

-2
 te

st tra
in

)

–
A

T
R

 m
e
a
su

re
s lo

o
p
 in

le
t a

n
d
 o

u
tle

t w
a
te

r te
m

p
e
ra

tu
re

s o
n
ly

n
Test Train Flux w

ire
–

M
e
a
su

re
 n

e
u
tro

n
 flu

x in
 th

e
 te

st tra
in

 re
g
io

n

–
U

se
d
 to

 re
fin

e
 n

e
u
tro

n
ics ca

lcu
la

tio
n
s to

 su
p
p
o
rt b

u
rn

u
p
 p

re
d
ictio

n
s

•
ce

n
te

r flu
x tra

p
 flu

x is n
o
t co

n
tro

lle
d
 d

ire
ctly (4

 co
rn

e
r lo

b
e
s) a

n
d
 flu

ctu
a
te

s d
u
rin

g
 th

e
 cycle

 d
u
ra

tio
n

2
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A
TR

 In-C
anal M

easurem
ents

n
C

hange D
etection Softw

are 
(C

D
S) has the potential to 

identify changes in fuel rod 
surface features “in-canal” 
betw

een cycles
–

C
o
u
p
le

 C
D

S
 to

 ca
m

e
ra

 o
u
tp

u
t fo

r 
in

tu
itive

re
a
l-tim

e
 ch

a
n
g
e
 

in
fo

rm
a
tio

n
•

F
ra

ctu
re

 fo
rm

a
tio

n
 / p

ro
p
a
g
a
tio

n

•
C

la
d
 co

rro
sio

n
 / o

xid
a
tio

n
 

•
IR

 im
a
g
e
s -

fu
e
l ch

a
n
g
e
s (sw

e
llin

g
, 

cra
ckin

g
, g

ro
w

th
)

–
U

n
ce

rta
in

ty re
d
u
ctio

n
 in

 fu
e
l 

p
e
rfo

rm
a
n
ce

 m
o
d
e
ls b

y p
ro

vid
in

g
 

m
u
ltip

le
 d

a
ta

 p
o
in

ts fo
r a

 sin
g
le

 fu
e
l 

ro
d

n
In-Pin Ferritic C

ore / LVD
T

–
F

u
e
l / cla

d
 e

lo
n
g
a
tio

n

2
4

B
efore and A

fter Fuel P
late B

lister Im
ages 

U
sing D

C
S



Sum
m

ary

n
A

dvanced Fuels C
am

paign is currently using flux w
ires and m

elt w
ires in 

A
TF-1 experim

ents, LVD
Ts and therm

ocouples in loop experim
ents.

n
W

ireless therm
oacoustic

(TA
C

) sensor dem
onstrated in B

reazeale
R

eactor at 
Penn State Septem

ber 2015
n

Sensor qualification test w
ill dem

onstrate existing and new
 instrum

ents in 
A

TR
 conditions

–
O

u
t-o

f-p
ile

 S
Q

T
 m

o
ck-u

p
 te

st in
 flo

w
in

g
 a

u
to

cla
ve

 p
rio

r to
 A

T
R

 in
se

rtio
n

n
A

TF-2 loop experim
ent w

ill use dem
onstrated in-reactor instrum

ents to 
m

easure:
–

fu
e

l te
m

p
e

ra
tu

re

–
fu

e
l p

in
 in

te
rn

a
l g

a
s p

re
ssu

re

–
fu

e
l sta

ck e
lo

n
g

a
tio

n

–
fu

e
l p

in
 e

lo
n

g
a

tio
n

n
In-C

anal m
easurem

ent w
ill provide fuel perform

ance data betw
een cycles

–
F

u
e

l/cla
d

 e
lo

n
g

a
tio

n

–
C

la
d

 su
rfa

ce
 fe

a
tu

re
 ch

a
n

g
e

s

–
F

u
e

l g
ro

w
th

, sw
e

llin
g

, cra
ckin

g

2
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