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Project O
verview

 

�
G

oal, and O
bjectives 

x
D

evelop and test high tem
perature capable M

icro-P
ocket Fission 

D
etectors (H

T M
P

FD
s), w

hich are com
pact fission cham

bers capable of 
sim

ultaneously m
easuring therm

al neutron flux, fast neutron flux and 
tem

perature w
ithin a single package. 

 

O
ctober 18, 2017 

E
nhanced M

icro-P
ocket Fission D

etector (M
P

FD
) for H

igh Tem
perature R

eactors 

 

M
icro-Pocket Fission D

etector Theory of O
peration 

M
icro-Pocket Fission D

etector D
iagram
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verview

 

�
N

EET Participants 
x

Troy U
nruh; Idaho N

ational Laboratory 
x

D
ouglas  M

cG
regor, M

ichael R
eichenberger and S

arah S
tevenson; 

K
ansas S

tate U
niversity 

x
Jean-François V

illard;  C
om

m
issariate a l’energie atom

ique 
 

O
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E
nhanced M

icro-P
ocket Fission D

etector (M
P

FD
) for H

igh Tem
perature R

eactors 
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Project O
verview

 

�
Schedule 

O
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E
nhanced M

icro-P
ocket Fission D

etector (M
P

FD
) for H

igh Tem
perature R

eactors 
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A
ccom

plishm
ents 

�
FY17 M

ilestones, D
eliverables and O

utcom
es 

x
C

om
plete electroplating and am

plifier developm
ent 

at K
S

U
 (M

4), 7/7/2017 
x

R
eceive high tem

perature M
P

FD
 com

ponents from
 

K
S

U
 for assem

bly (M
3), 3/31/2017 

  

 

O
ctober 18, 2017 

E
nhanced M

icro-P
ocket Fission D

etector (M
P

FD
) for H

igh Tem
perature R

eactors 

 

M
PFD

 electronics layout 
M

PFD
 electrodeposition equipm

ent  
Pre-Am

p/Am
plifier specifications 
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A
ccom

plishm
ents 

�
FY17 M

ilestones, D
eliverables and O

utcom
es 

x
A

ssem
bly and deploym

ent 
–

E
valuate H

T M
P

FD
 for tem

perature characterization 
(M

3), 3/30/2017  
–

E
valuate H

T M
P

FD
 for flux characterization (M

2), 
7/30/2017  

  
 O

ctober 18, 2017 
E

nhanced M
icro-P

ocket Fission D
etector (M

P
FD

) for H
igh Tem

perature R
eactors 

 

H
T M

PFD
 for M

ITR
 under fabrication 
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A
ccom

plishm
ents 

�
FY17 M

ilestones, D
eliverables and O

utcom
es 

x
A

ssem
bly and deploym

ent 
–

E
valuate H

T M
P

FD
 for tem

perature characterization 
(M

3), 3/30/2017  
–

E
valuate H

T M
P

FD
 for flux characterization (M

2), 
7/30/2017  

  
 O

ctober 18, 2017 
E

nhanced M
icro-P

ocket Fission D
etector (M

P
FD

) for H
igh Tem

perature R
eactors 

 

X-ray (left)  and 3D
 C

T (right) im
ages of M

PFD
 show

ing w
ire connections 

M
icro-focus 3D

 C
T scan of M

PFD
 

M
PFD

 com
ponents prior to final assem

bly 
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A
ccom

plishm
ents 

�
FY17 M

ilestones, D
eliverables and O

utcom
es 

x
  TR

E
A

T deploym
ents (TR

E
A

T funded) 
–

P
re/P

ost TR
IG

A
 pulse analysis 

–
S

O
W

 for K
S

U
 support in experim

ents and m
odeling 
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E
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icro-P
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etector (M
P

FD
) for H

igh Tem
perature R

eactors 

 

M
C

N
P Transient M

PFD
 in experim

ent 

M
PFD

 coating pre/post TR
IG

A pulse im
ages 

TR
EAT SO

W
 w

ith K
SU

 

M
PFD

 3D
 surface m

ap and im
age (pre-transient)  
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�
FY17 M

ilestones, D
eliverables and O

utcom
es 

x
  Fission m

aterial characterizations underw
ay 

–
Idaho S

tate U
niversity (IS

U
) M

S
 student (funded by TR

E
A

T IR
P

) 
•

A
lpha counting 

•
B

ack-to-back fission cham
ber com

parisons 
•

3D
 confocal laser scanner 

•
IS

U
 reactor m

easurem
ents 

 

 

A
ccom

plishm
ents 

O
ctober 18, 2017 

E
nhanced M

icro-P
ocket Fission D

etector (M
P

FD
) for H

igh Tem
perature R

eactors 

 

3D
 laser scans of M

PFD
 (fissile) surface roughness 

M
PFD

 fissile deposit characterizations 
in AG

N
-201 

B
TB

 fission cham
ber for M

PFD
 

characterization 
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�
FY17 M

ilestones, D
eliverables and O

utcom
es 

x
Issue “E

nhanced M
icro-P

ocket Fission D
etector for H

igh Tem
perature 

R
eactors - FY

17 Final P
roject R

eport, IN
L/E

XT-17-43397” (M
2), 

9/28/2017 
x

A
dditional papers and presentations of the H

T M
P

FD
 technology 

 
 

 

A
ccom

plishm
ents 

O
ctober 18, 2017 

E
nhanced M

icro-P
ocket Fission D

etector (M
P

FD
) for H

igh Tem
perature R

eactors 
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O

ctober 18, 2017 
E

nhanced M
icro-P

ocket Fission D
etector (M

P
FD

) for H
igh Tem

perature R
eactors 

 C
rosscutting A

ccom
plishm

ents 

�
A

ccident Tolerant Fuel (A
TF) D

eploym
ents 

x
ATF-2 Sensor Q

ualification Test in ATR
 Irradiation  

–
H

T M
PFD

 (Irradiation funded by ATF-2) 
–

In ATR
 for one cycle (~59 days) 

–
Irradiated w

ith other advanced sensors 
 H
T M

PFD
 laser w

elding (before/after) 

M
PFD

 splice and draw
ing details 

C
om

pleted H
T M

PFD
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O

ctober 18, 2017 
E

nhanced M
icro-P

ocket Fission D
etector (M

P
FD

) for H
igh Tem

perature R
eactors 

 C
rosscutting A

ccom
plishm

ents 

�
A

dvanced G
as R

eactor (A
G

R
) D

eploym
ent 

x
AG

R
-5/6/7 Irradiation in ATR

 (funded by AG
R

) 
–

H
T M

PFD
 w

ith Type N
 therm

ocouple 
–

Irradiation for entire test (~3 years)   
–

Irradiated w
ith other advanced sensors 

–
Installed in test train, irradiation in FY18 
 

  
 

H
T M

PFD
 m

aterial certification shipm
ent and results  

H
T M

PFD
 draw

ing for ATF-2 and AG
R

 5/6/7 

H
T M

PFD
 in AG

R
 5/6/7 test train.   



13 
O

ctober 18, 2017 
E

nhanced M
icro-P

ocket Fission D
etector (M

P
FD

) for H
igh Tem

perature R
eactors 

 C
rosscutting A

ccom
plishm

ents 

�
N

uclear Energy A
dvanced M

odeling and Sim
ulation (N

EA
M

S) 
D

eploym
ent  

x
A Transient R

eactor Physics Experim
ent w

ith H
igh-Fidelity, 3-D

 Flux 
M

easurem
ents for Validation and Verification 

–
Kansas State U

niversity led: D
r. Jerem

y R
oberts 

–
U

niversity of W
isconsin-M

adison reactor 
–

Specially designed M
PFD

 w
ands deployed for steady state and transient 

response 
  

 

M
PFD

 w
ands (left) and  locations in U

niversity of W
isconsin-M

adison reactor (right) 
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C
rosscutting A

ccom
plishm

ents 

�
R

adiation H
ardened R

eadout C
ircuit D

esign for H
igh 

Tem
perature M

icro-Pocket Fission D
etectors O

perating in H
arsh 

Environm
ents 

–
International N

uclear E
nergy R

esearch Initiative (I-N
E

R
I) betw

een U
nited 

S
tates of A

m
erica and the R

epublic of K
orea 

–
IN

L and K
A

E
R

I  
–

K
ickoff m

eeting at IN
L, progress m

eeting at N
P

IC
-H

M
IT 2017 

–
C

ircuit design sent to m
anufacturers to m

ake a chip 
 

 

R
adiation hardened pre-am

plifier  
design for H

T M
PFD

 
2017 K

ickoff m
eeting at IN

L 
U

S R
O

K
 I-N

ER
I proposal 

O
ctober 18, 2017 
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C
rosscutting A

ccom
plishm

ents 

�
TR

EA
T Integrated R

esearch Project (IR
P) 

x
C

om
putational & Experim

ental Benchm
arking for Transient Fuel Testing  

–
O

regon State U
niversity led: D

r. W
ade M

arcum
 

–
M

ITR
 irradiation test 

–
2 w

eek irradiation testing cam
paign 

–
H

T M
PFD

 Irradiated at M
IT in July 2017 

  
 

M
PFD

 testing at M
IT R

eactor w
ith 

IN
L intern  

M
IT reactor core 

O
ctober 18, 2017 
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C
rosscutting A

ccom
plishm

ents 

�
Fission C

ham
ber characterization at C

EA
 C

adarache and IN
L 

x
M

IN
ER

VE reactor calibrations (C
E

A
/D

O
E

 collaboration W
G

 3.5 In-P
ile 

Instrum
entation)  

–
Intern from

 IN
L/Kansas State U

niversity 
–

M
PFD

 received at C
EA in M

ay 2017 
–

Initial calibrations com
pleted June 2017 

  
 

H
T M

PFD
 for C

EA calibrations 
C

EA and IN
L researchers at 

M
IN

ER
VE reactor (France) 

O
ctober 18, 2017 

H
T M

PFD
 pulse from

 C
EA calibrations 
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Technology Im
pact 

O
ctober 18, 2017 

E
nhanced M

icro-P
ocket Fission D

etector (M
P

FD
) for H

igh Tem
perature R

eactors 

 

�
Advanced sensor for D

O
E-N

E program
s requiring real-tim

e flux 
detection 
x

N
eutron sensitive (B

O
TH

 fast and therm
al) 

x
Tem

perature sensitive w
ith integral high-tem

perature therm
ocouple 

x
C

om
pact size 

x
R

adiation resistant   
x

H
igh tem

perature and pressure com
patibility  

x
H

igh accuracy, high resolution  
x

Flexibility (variable geom
etries, sensitivities, lifetim

es and detector responses) 
x

Fast response 
x

Long lifetim
e 

�
State-of-the-art sensor positions U

.S. for leadership in irradiation 
testing   
x

M
inim

izes flux perturbation associated w
ith typical real-tim

e in-core sensors  
x

E
lim

inate uncertainty w
ith transient correction factors 

x
H

igher fidelity data for m
odeling and sim

ulation of m
aterials and fuels

1 
x

P
erm

its 3D
 m

odeling and triangulation of data for validation
1 

[1] J. R
oberts, et al. , “FY

15 N
E

U
P

: A
 Transient R

eactor 
P

hysics E
xperim

ent w
ith H

igh-Fidelity, 3-D
 Flux 

M
easurem

ents for V
alidation and V

erification” 
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C
onclusion 

O
ctober 18, 2017 

E
nhanced M

icro-P
ocket Fission D

etector (M
P

FD
) for H

igh Tem
perature R

eactors 

 

 
�

A
ll H

T M
PFD

 project m
ilestones com

pleted successfully and on 
schedule 
 

�
H

T M
PFD

 w
ill continue to be deployed by several D

O
E-N

E 
irradiation testing program

s 
 

�
R

adiation D
etection Technologies (R

D
T) developing a H

T M
PFD

 
com

m
ercialization strategy under a Sm

all B
usiness Innovative 

R
esearch Phase I Project, “A

dvanced M
anufacturing of M

icro-
Pocket Fission D

etectors” 
 


