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Motivation

Advanced Instrumentation Needed
to Grow ATR Missions

Goal — Provide ATR users real-time
measurement of key parameters
during irradiation

 Advanced ATR instrumentation
needed to grow nuclear program
support.
— Naval reactors
— DOE (NGNP, FCRD, ATR NSUF)
— LWR industry

* Real-time measurement of key
parameters during irradiation:
— Potential for more accurate data
— Avoids disturbing phenomena of
interest during post-test exams
— Reduces costs




Motivation

“.despite over 50 years of use, many life-limiting

AT = problems..” - Donald Olander
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Irradiation Effects

Densification High Burn-up Structure

Fuel-Cladding Contact
Fission Product Swelling

PWR Uniform Corrosion
Fission Gas Bubbles

Thermal Stress
Cracking

"y I AAE

Coolant Effects

Sudden Increase
in Porosity

BWR Nodulr Corrosion

Real-time, high resolution/accuracy data
provide insights needed to resolve data




Background

In-Pile Instrumentation Must Meet
Several Design Requirements
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* Reliable

« Accurate

« Miniature

* High temperature resistant
« Corrosion resistant

 Neutron / gamma ‘resistant’

* Non-intrusive

e “Low” cost




Background

Remote Sensor Types

: . las ;
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Intrinsic: effects of measured quantity on signal being
transmitted take place in sensor

Extrinsic: fiber/waveguide/wire carries signal, but
signal change occurs outside sensor

Environmental

Infrared Pyrometer <( Signal
Interferometer 6

Examples: Fiber optic
‘\N temperature sensors
Environmental

Signal




Background

“‘i\. > Remote Sensor Types (continued)
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Point sensor:
Measurement occurs only
at sensor location.

Multiplexed sensor:
Multiple localized sensors
are placed at intervals along
fiber length.

Distributed sensor:
Sensing distributed along
length of fiber.

Signal Sensing
Processor Element

-

Output, M(t)

Signal
Processor

-

Output, M(t,z)

Signal
Processor

-

Output, M(t,z)



Background

me=o s\ High Temperature Test Laboratory Capabilities
ATRSN Facilitate In-pile Instrumentation Development
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» Specialized fabrication capabilities,
evaluation equipment, and trained
staff available at INL’s High
Temperature Test Laboratory (HTTL)

« HTTL-developed products
and capabilities already
attracting new customers

Y Pushrod
Dilatometer
Laser Flash
Thermal Property System
Analyzer

Differential Scanning
Calorimetry System



Background

HTTL-Developed Products and Capabilities
Provide New Resources for ATR Users

Flux sensor evaluations and micro-pocket

fission chamber development with CEA and ISU Ay o High-temperature LVDT
== development and
AGR-L Test hdede e e s T evaluation with IFE/HRP
) /- block |
Capsule installed 7
in ATR with INL
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inATR-C

HTIR-TCs
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and encoder Guide tube
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DTopofccue supply
Power supply ?- .

and voltageadrop
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stepper momr,# 1 and slider

Outer shim
control
cylinder

18500174

Creep testrig
development
and evaluation
with IFE/HRP
and KAERI

gi\\

Ismraceahle ', ~Tube furnace
and controller

- Probe TC
cunnectsons

!"

Thermal conductivity probe development
with MIT, UC-Berkeley, and USU

Silicon carbide
temperature monitor
used in ATR static

4-pack of melt wires encased in quartz tube, to
capsule tests

be used in ATR static capsule tests




Strategy

Several Instrumentation Enhancements

Avallable for Various ATR Test Locations

Cross section of ATR vessel

Static Capsule

Gas supply

PWR Loop

'|| .‘rr'-.«‘.;'LoupUhsure
Vi =Mge, '@ Plugs

N

Loop Inlet Eﬂ-‘d
Ouilet Piping

Static capsule

Pressure boundary
Specimen container

Specimens

Ceramic insulators
separating temperature|
ranges

Static capsule cross section

Instrumented Lead

To fission
product
manitor
Instrumented
lead

Reactor core

Control station

Lina

Prassurizar
I
Heaters  /

Parameter Proposed Advanced Technology
Static .
Parameter CRapsu!eI ::'es;; Ex!:;R) ATR Technology Ava";:;ita;rgther Developmental
abbit
Temperature e Melt wires (single) * Wireless (range)
 Paint spots (single) * Ultrasonic
v v v  SiC Temperature thermometers
Monitors (range)
J J e Thermocouples (Type N, e Fiber Optics
K, C, and HTIR-TCs)?
Thermal e Out-of-pile examinations e Degradation using ¢ Hot wire techniques
Conductivity R ) signal changes in
thermocouples
Fluence J N d e Flux wires (Fe, Ni, Nb) o Activating foil
(neutron) dosimeters
o Self-Powered Neutron e Moveable SPNDs
N N Detectors (SPNDs)
e Miniature fission
chambers
Gamma J J e Gamma thermometers
Heating
Dimensional N V Y o Out-of-pile examinations
e LVDTSs (stressed and o Ultrasonic
J b unstressed) Transducers
« Diameter gauge e Fiber Optics
Fission Gas e Gas Chromatography e LVDT-based pressure e Acoustic
(Amount, N N o Pressure sensors gauge measurements with
Composition) o Gamma detectors high-frequency
e Sampling echography
Loop Pressure « Differential pressure
J transmitters
e Pressure gauges with
impulse lines
Loop Flowrate Il e Flow venturis
» Orifice plates
Loop Water J o Off-line sampling
Chemistry /analysis
Crud e Out-of-pile examinations « Diameter gauge with
Deposition \ neutron detectors and
thermocouples
Crack Growth J e Direct Current Potential
Rate Drop Technique

2Type C thermocouple use requires a “correction factor ” to correct for decalibration during irradiation.



Temperature-Melt Wires

mé= N Melt Wires Inexpensive Approach for
AT Estimating Peak Test Temperature
National Scientific User Facility
m

INL qualified supply of melt wires encapsulated in quartz for
irradiation testing:

— Range of melting temperatures (100-1000 °C)

— Low neutron capture cross-section

— Easily handied

— Visible deformation T R
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Temperature-SiC Monitors

gy Single SiC Monitor Offers Detection for
N Temperature Range In Static Capsules
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Electrical Resistivity (ohm-cm)
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Isochronal Anneal Temp. (°C)

1x1x10 mm

ATR static capsule temperature detection
previously limited to single temperature
sensors (paint spot, melt wires, etc.)

Post-irradiation annealing of SiC to detect
peak irradiation temperature used since
1960

— Heating above peak irradiation
temperature reduces irradiation-induced
lattice expansion (swelling from defect
and void formation)

— Swelling reduction detected by changes
in length, density, thermal diffusivity and
resistance

ORNL evaluations indicate more accurate
peak irradiation temperature detection with

— fully dense, CVD SiC
— resistance change measurements




Temperature-SiC Monitors

HTTL Developed Viable Approach for
Measuring Resistivity of SIC Monitors

« Small (1 mm x 1 mm x 10 mm) monitors of high
density CVD SiC

* SiC monitors heated for 30 minutes in furnace
with NIST-traceable thermocouples

» Specialized fixturing developed for
resistance measurements

* Measurements made in constant
temperature chamber at 30 ° C

» High accuracy (9 digit)

Constant
temperature
chamber

Annealing
furnace interior

Vent hood

to HEPA filter electronics
) 8'x8'x8'
Annealing stainless steel
furnace enclosure 12
: LO 3097
o e . o ORNL -
Alumina tubes Specialized fixture z * INL
with argon for resistance 2 .
flow channels measurements g 14
i - inside chamber 5
Alumina tube containin §
NIST-traceable T g
b= oo
Measurement — % 10} o o, B B% e nuunu"uu
electronics £ g )
o
=
SiC temperature monitor
3 0 100 200 300 400 500 600 700 80C

» INL approach agrees within 5% of ORNL results ochronal anmeating tomoerature -C)
 Thermocouple comparisons indicate accuracies of 20 °C
» Similar accuracies for wide range of temperatures

200 - 800 °C) and doses (1.1 to 8 dpa




Temperature — HTIR-TCs

mk=> 2\ Thermocouples are an Established
AT Easy-to-Use Measurement Method
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/—Thermoelement wires
y ISy rrd T IIT e i i yrd '
// X /L/
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/ Iwire i
< wire 1
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a =
Sheath <
-

Thermocouples —
» Simple construction

Thermal Gradient

Insulated junction

0
* Easily understood 1 Potential Gradient V+
» Low-cost signal processing

éheath
L;c, AU

Design Options:
* Material selection
» Fabrication method

Insulation



Temperature — HTIR-TCs

High Temperature Thermocouples Needed to
Support Fuels and Materials Irradiation Programs

1300

ATR
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1100
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© 1080
Drift exceeds 100 °C in Type N and K — g
thermocouples within 200 hours » £ 100
E 1020
Drift of nearly 100 °C in Type C thermocouples — 1000 | §
in fluences exceeding 102 n/cm? - g
0.1 0.35 0.6 0.85 1.1 1.35 1.6 1.85
Commercial thermocouples degrade e e
at temperatures above 1100 °C or IO

transmute during irradiation. V 4 AN | |




Temperature — HTIR-TCs

Initial HTIR-TC Development Considered High
Temperature Material Compatibility, Ductility, and
Resolution

B 25
4 R ; _ ;
she At o Selected KW-Mo p ; ; 5
” 0 . B .
Al,0;.insulation and Nb'1 @Zr 20 o T T T ]
combination : : :
. has suitable T s ST IO SRR
- t) resolutionup to ¢ : : :
l! 7 atleast1700°C & | Ny S S
g4 : S : : z
Zr-4 thermoelement wire M sho A IIIIIIIIIIIIIII |
'
o j ;

0 500 1000 1500 2000

Al,O, attacks wire and sheath Temporature (°C)

after heating at 1300°C

Selected materials
resist interactions
after heating at
1600 °C

HfO,
insulation

KW-Mo thermoelement wire

N

o Selected KW-Mo ductile
S bl A’is:y after heating at 1600 °C >

Evaluations suggest doped Mo/Nb-1%Zr thermoelements with HfO,
insulation and Nb1%Zr sheaths most suitable combination for HTIR-TCs.

Mo ductility




Temperature — HTIR-TCs

>\ Subsequent HTIR-TC Development Included
Long Duration and Radiation Testing
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Long duration laboratory testing show HTIR-TCs

superior to commercial TCs at high temperatures
AGR-1 Test
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HTIR-TCs performed well throuémﬁmout AGR-1
HTIR-TCs patented by BEA and soon | jrradiations (while commercial TCs failed)
to be deployed in MITR and HBWR |




Temperature — Ultrasonic Thermometer

A\ Ultrasonic Technology is Widely Used in
S Industry for Non-Destructive Evaluation
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Advantages

 Small Size: Waveguide may be smali
diameter wire

* Multiple parameters can be sensed
 Many methods of sending/sensing signals

« Virtually any low attenuation material may
I be used to carry signals

Resistant to harsh environment
 Well developed technology for

| Pulser/Receiver

Initial Pulse

Back Surface
Echa

Crack

Echo

Prezocleciri industry/medical applications
m « Low cost transducers
Specimen Issues
\\“ + Complicated signal processing
' _ « Lack of transducer testing in neutron
“\‘ RO radiation environment

 Possible signal attenuation at pressure seals

\\\'\

10-GAS0001-59




Temperature — Ultrasonic Thermometer

Ultrasonic Thermometer Offers Potential for

- g Improved Accuracy and Temperature Profiling
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Pulse Oscillo- Start/stop
generator scope counter
1 1 1
Amplifier
' - t t

Sensor

Excitation pulse: W /—*V‘M

10.BAS0D01-42

Small Diameter
— Down to 0.010”
* Minimal Impact On Sample

— Minimizes Wave Dispersion/Mode
Conversion

Very High Temperatures

— Previously Tested to ~3000 °C
Suitable for Harsh Conditions

— High Temperature

— Radiation

— Corrosive Environment

High Resolution

— Multi-Segment Design
High accuracy (e.g., 1% or better)
High durability

=0




Temperature — Ultrasonic Thermometer

>\ Ultrasonic Thermometer Offers Potential for Improved
" Accuracy and Temperature Profiling Continued
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Lead-In Waveguide
Exitation Pulse |
1.5 (

O Titanium A Niobium 4

O Stainless Steel 302 ¢ Molybdenum 1

¢ Platinum e Tungsten

A Rhenium B 2% Thoriated /Hold Down Spring
14 Tungsten .

/ Test Capsule

Multi-Segment
Ultrasonic
Thermometer

T —

Notch Reflections —

Acoustic Delay Time Normalized
to Room Temperature

> Fuel Pellets

End Reflection

0 500 1000 1500 2000 2500 3000

Temperature, °C 10-GAS0001-64-4

T—— Spacer




Temperature-Fiber Optics

Fiber Optic Sensor Measurements Based On Changes
In Light Intensity, Spectrum, Phase, or Polarization

Advantages

« Small Size: ~20 fibers in single 1/16” diameter
tube

* Multiple parameters sensed simultaneously
* Distributed sensing

* Resistant to harsh environment

« Unaffected by electromagnetic interference
 Low cost

Issues

* Fiber darkening due to irradiation

* Temperature limited (~700°C,~1000°C with
appropriate clad)

core * Optical path issues (extrinsic measurements
£ require re-coupling light back into the fiber)

Unguided Guided
Ray \ Ray .

Acceptance
cone

* Pressure boundary seals/fiber protection

Cladding 0 -
Y « Complex signal processing
e




Temperature-Fiber Optics

Fiber Optics Offer Point, Multiplexed, and
Distributed Options for Temperature Detection

ATR™

National Scientiiic User Facility

Distributed measurement using stimulated scattering

-Raman  -> temperature distribution , chemical composition,
dispersive spectrometer (ex : monitoring primary coolant circuit)
- Brillouin -> temperature / deformation, interferometer

Point measurements
Optical Pyrometry

Unstressed fiber l}kl R TS Y o Hot sample
Optical head IR emission
= "l
Stressed Fiber Sp_e‘dral Wavelength T H i
ressed FIer [ it .AJ e T Figures from CEA\Villard ATR-NSUF 2010 Presentation
Distributed measurements
Bragg gratings Bragg gratings - temperature, deformation, pressure, etc.

Fiber strain causes shift P —)

in reflected wavelength |




Thermal Conductivity

=<~ » 1woApproaches Investigated for
rrieesy s In-Pile Thermal Conductivity Detection
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Power supply

Voltmeter

E
g_ o Burnup B T
:-%" MWc\!a‘ngOz E
g 4 X E | — Thermocouple wi
2 B
8 @
T 3 s
E E | — Thermocouple junction
2 =
| T 2
.
] \_J 1 y * = *
Thermocouples 0 200 400 600 800 1000 1200 1400 1600 Time — -

Heater wire
Temperature, °C 08-GAS0026-21-1 /
/ terial

Fuel rod y.1 2 ’ L, \
= f.ArT k=Qu) IH(A%(TZ—E [

h'd

10-GAso0n1 12

Multiple Thermocouple (MTC) : Transient Hot-Wire Method (THWM) Needle Probe:
- Adaptation of IFE-HRP method - Adaptation of ASTM method
- Steady-state measurement - Transient measurement




Thermal Conductivity

THWM Needle Probe Designed to Overcome
Obstacles Associated with In-Core Applications
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Cross-section A-A

Unique combination of materials, geometry, and
fabrication techniques make THWM needle probe
more suitable for in-core applications

* Minimize sensor geometry/influence
* Maximize fuel hot-wire heating

+ Ex-capsule/ex-vessel transition to 4 wires for
power supply and detection

« Thermocouple-like construction with high
temperature materials that remain ductile while

e i resisting transmutation and materials
interactions

* Multiple combinations of materials possible;
HTIR-TC included for high-temperature detection

\ / during irradiation
A B

o High temperature insulation —l Heater wire —l Thermocouple |
IDR filed on unique <
probe design 2 @ | - T
Sheath AJ Thermocouple J To DAS for thermocouple readout ;

junction B

Innovative research on THWM thermal conductivity —
probe subject of MOUs with IFE/HRP and CEA AN | V]




Thermal Conductivity-Results

AN THWM Values Consistent with Published Values for
AT L Range of Materials and Temperatures

National Scientific User Facility
25 T T T T T
——Reference Thermal
L Material Conductivity % Diff
ateria . o DI
o 20 304 Stainless Steel - (W/m-K)
E Max. Error =10% INL Reference
=
25k Acrylic 0.21 0.20 5.0
= Inconel 600
3 | Max.Eror=7% Delrin 0.33 0.34 2.9
o
“10 | 6-4-Titanium -
£ Max. Error =8% Fused Silica 14 14 0
o
= 5 | i Titanium-6%Al-4%V 7.3 7.2 1.3
Fused Silica
Max. Error = 6% Inconel 625 10.3 9.9 3.7
o 0 100 200 300 400 500 600 304L Stainless Steel 15.9 15.3 3.5
Temperature, °C
Elevated Temperature Results Room Temperature Results

Material thermal conductivities selected to bound possible fuel thermal conductivities




Thermal Conductivity-Results

Long Duration Test High Temperature Testing
Confirms THWM Needle Probe Stability

e

ATR\®
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720 T T T T T 18 T T T T
700 - . —
16 foue=™ / e
& 680 L Furnace Temperature Increased | Probe 1
@ From 600 °C to 700 °C w
iy E
i = 14 | .
2 660 - o
= o
T 2 Furhace Temperature Increased
L3
EL 6840 . o 12 From 600 °C to 700 °C
ﬁ Furhace E
a0 | Probez Srone |
\ I Probe 3
\ I -"] I \\ ’_ -
i [ =
600 / 7 Probe 2 \ \
Probe 3 Lanan™"
530 | | | | | 1 b} 1 1 1 1 1 1
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 1400
Elapsed Time, hrs Elapsed Time, hrs

Less than 1% drift or insulation resistance degradation in 1000 hour test at 600 °C
(evaluation temperature selected to be consistent with conditions for MITR irradiation).




JEDZhetry - LVDT

JED4

ATR

Initial Efforts for In-Pile Geometry Detection
Focus on Nearer-Term LVDT Technology

National Scientiiic User Facility

High permeability magnetic shell
Secondary coils

Coil former
Signal cable

Sample Core
Primary cail

e Core posiion —-
=

Ue-GATﬂz&- 10-3

- 100 ~a—% of full rango—e- + 100

Parameter

Total LVDT Displacement (stroke), mm
Resolution, mm

Sensitivity, V/im

Maximum operating temperature, K
Normal operating pressure, MPa

Peak thermal flux, neutrons/cm?2s2
Thermal fluence, neutrons/ cm?22

Fast flux, E > 1 MeV, neutrons/cm?2s@
Integrated fast fluence, E > 1 MeV, neutrons/cm?2
Gamma flux, y/cm?22

Integrated gamma exposure, y/cm?22
Maximum LVDT Diameter, mm
Maximum LVDT Length, mm

Test environment

ATR Specification

>+25
10-2

>50

773
0.101-15.5
1.8 x 10"
8.5 x1021
1.2x 10"
5.7 x1021
1.1x 10"
5.2 x10%2
<25.4
63.8

Water and Inert Gas
(Neon, Helium)

a. Peak values based on 24.3 MW center lobe power. Fluence is based on 2
years of operation at 75% utilization. These conditions are expected to bound

anticipated test conditions.
b. Smaller diameter and lengths preferred.




Slide 26

JED2 What is DNB (in notes)?
JED, 6/7/2011

JED4 Were LVDTs used in LOFT for DNB? How? | have seen references to LDVs (Laser Doppler Velocimeters), but not LVDTs. | know

LVDTs are used for a lot of things, but | don't understand how this works.
JED, 6/7/2011



Geometry - LVDT

AT

LVDT Enhancements Needed Prior to
Deploying in ATR Conditions

National Scientiiic User Facility

Muffle tube Connector rod Thermocouple Tube furnace

SS capsule

Signal conditioner

=

Dala acquisition system

CPU

Micrometer

Calibration and
Curie temperature
evaluations

Curie effect may alter LVDT
output by as much as ~60%

over limited temperature
range (*2 °C)

Connector
rod collar

extension

Connector rod

—0— Heatup 03

%70

380

390
Temperature (°C)

400

410

Tube furnace:

S8 capsule

Thermocouple Hard extension cable

Vendor A LVDT

Vendor B LVDT

Signal conditioner

Long duration
evaluations

CPI

=

Data acquisition system

Initial INL long duration
high temperature LVDT evaluations
exhibited instability after 700 hours

Elepaad time )
INL evaluations of optimized
IFE/HRP LVDTs indicate exceptional
high temperature stability
T T T T T T T T

t | —H&— hrp1133ag
—4A— hrp1134ag

400 1000




Geometry - LVDT

LVDTs Offer Potential for Real-Time Creep
Measurements

Test rig facilitates creep testing in PWR coolant loop

+ External pressure contracts bellows applying load to specimen

* Real time elongation detected using IFE/HRP LVDT

+ Fixture design completed in FY09, autoclave testing completed in 2010

+ Stainless steel and copper results verify creep test rig accuracy within 1%

_—— Signal
3 cables

cables

GASON 1T

m| Measured Length (mm)
. Frame Specimen % Diff
& LVDT Micrometer
Bellows
ot SSX 29.16 29.25 0.31
‘ SS01 29.85 30.05 0.65
— Bellows
Tonste = s SS02 29.67 29.85 0.61
= SS03 29.90 29.95 017
ﬁ _— Tensile
o »E iSREmen SS04 29.83 29.93 0.33
' Cu01 30.32 30.36 0.13
Initially- = Enhanced
proposed Creep Test CU02 3021 3032 036
creep test rig = Rig for Cu03 28.98 29.24 0.90
evaluated in deployment
HTTL L L in ATR PWR Cu04 28.55 28.64 0.31
Autoclave n‘... Loop

Design to be finalized for ATR PWR
loop deployment




Geometry — Ultrasonic Transducers

& 2\ Ultrasonic Techniques Offer Several Advantages for
ATR ™ Real-time Detection of Geometry Changes

National Scientiiic User Facility

Stainless steel
wave guide ()
| <—— Brass coupling

Sample — <— Remendur guide

< Magnetostrictive
transducer

1A 201

Possible advantages include more compact, higher temperature, more
accurate, multi-dimension methods




Geometry — Ultrasonic Transducers

Completed Laboratory Testing of Ultrasonic
Components and Analysis Comparisons

_1 1 1 1 1 1 1
3400 3450 3800 3550 3600 3650 3700 3780 3800
Time (us)

« Time-of-flight (TOF) measurements completed on two stainless
steel creep specimens (gauge length of 4 and 6 inches) at
300°C

« Signal reflection for both specimens yielded 5mml/us
ultrasonic velocities indicating results are

— Viability of transmission through 30 ft waveguide
— Independent of specimen length
— Consistent with guided wave theory predictions




Geometry — Ultrasonic Transducers

Current Ultrasonic Activities Focused on Test
Rig Design and Autoclave Testing
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N Autoclave
Z Backx\x Autoclave pressure
/ - ' Vs 7 pressyre ;.Recuperative insulation/heater vessel
Lot 44 N vaivg |\ bypass valve
down™ - * ) N r
valve

2 | |

| ’

Slaftu;\;'v'i]lch Preheater Autoclave
control heater control

e b |
Pulse J/il 3
\ dampener 0 Chiller— /
. Recuperative ~
= heat exchangef™s,
_— Rupture disc

™ |

o aasem 1

New autoclave system and test rig allows multiple
specimen evaluation with temperature and
pressure control and water chemistry evaluation




Geometry — Fiber Optics

White Light Interferometer for Elongation

Measurement
ATRY
National Scientific User Facility
Optical Fiber: .
A white light interferometer can | ﬂt} PR etiacion
be used to accurately measure R ' ) o
a gap or “cavity length” = !
Sample

lo

Figures from CEA\Villard, ATR-NSUF 2010 Workshop

Reflections from the
fiber face and the .
surface across the gap ﬁ

interfere to create a _
fringe pattern in the :,
The cavity length can be ?etﬁm spectrum §

determined from the _
fringe spacing by: | = ﬂ,l'ﬂz \J U U _
=

Intensity (a.u.)

2[2’2_2'1] b




Geometry — Fiber Optics

=<~ » Bench-top Qualification of Cavity
aroees 7 Length Measurement
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White Light Interferometer Fringe Pattern

I
Cavity Space

50 um

0 ' :
500 600 700 800 900 1000 1100
Wavelength (nm)

Current Work Based on Research
Conducted at CEA (France)




Crack Growth

In-Core Crack Growth Measurement Through

o Collaboration with MIT
National Scient¥i~ Weos Eaniliu
IFE/HRP Poes TestTrain . MIT reviewed in-core
Design . oine —{I®| ¥ crack growth
Y b measurement systems
£  IFE/HRP system selected
Phvot A g with variable load applied
Loading unit — = i via pivoting bellows
- q « Specimens and test train
I engineered for planned
Eﬁfm% ILf irradiation test in MITR
s g ] +  Pending funding, MIT/INL
&-|[-¢- Speci €1+ “;’ will continue
1| “Design | ,. collaboration through
] | prototype specimen
ol o Ros—gf | il manufacturing,
N laboratory testing, and in-
O pile demonstration




Flux Measurements

ISU/CEA/INL Project Investigating Use of Real-

ATT Time In-Core Flux Detectors in ATRC

National Sclonlllle User Facility

To DAS

Sensors compared for response time,
accuracy, and durability

 Installed EGTs accommodate 6 sensors in
as many as 6 axial positions

« Data ultimately to allow development of
T real-time 3D ATRC core flux map

* Provides insights for selecting ATR flux

sensors
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Flux - SPNDs

AT ":. pr: X

ISU/CEA/INL Project Comparing
Various Types of SPNDs

National Scientiiic User Facility

|] MI Cable

Conductor wire

Emitter

Al,O, Powder

Housing

Helium Fill Gas

Incident neutron flux proportional to measured current from
emitter to collector (sheath); Characterized by:

Response time:
— Delayed (e.g., Vanadium, Rhodium and Silver emitters)
— Prompt (e.g., Cobalt, Platinum, Hafnium, Gadolinium)

Burnup rate

— High: Rhodium

— Low: Vanadium, Platinum
Sensitivity

— High: Hafnium, Silver, Rhodium

— Low: Platinum, Cobalt, Vanadium

Advantages
— No power supply needed
— Simple and robust structure

— Small (OD typically 0.062” /1.52 mm)

— Good stability at high temperatures Bl iy g &g g Py g
and pressures

— Generate reproducible linear signal

Disadvantages
— Require calibration
— Only detect thermal flux




Flux - Fission Chambers

ISU/CEA/INL Project Also Evaluating
Fission Chambers

ATRPX

National Scientiiic User Facility

 Measure current generated by fission
reactions in fissile material deposited on
electrode

« Thermal or fast neutron flux monitoring,
depending on deposited fissile material
(thermal: U-235; fast: U-238, Pu-242)

« Small (OD typically 0.062” /1.52 mm)

« Good stability at high temperatures and
pressures

* Reproducible linear signal
 Lifetime considerations

fssion chanber Fissile deposit

N

cable + gt feadrough

a

Cathode /' Argon Anode Tissile deposit
(sensor body) (deposit holder) (thin layer)




Flux - Fission Chambers

ISU/CEA/INL Project Comparing Detectors to
Back-to-Back Fission Chambers

AT

National Scientiiic User Facility

CEA fission
chambers

Electrical and

gas lines Fission

chamber
holder

Gas flow tubes —_ =3 &3

Clamp

Back-to-back
fission foils L

Collectors —

BTB fission
chamber

10-GAS0001-52

+ Bisected hollow aluminum spheres with “back-to-back
stainless steel foils with fissile material deposits.

 Allow accurate ‘2w’ measurement of fission rate.
 Provide ‘absolute’ calibration for co-located flux detectors




Flux Measurements

Fixturing for Evaluations Fabricated and

ATES Installed at ATRC

National Scientiiic User Facility

™« Sensors compared for response time,
accuracy, and durability

 Installed EGTs accommodate 6 sensors in
as many as 6 axial positions

« Data ultimately to allow development of
real-time 3D ATRC core flux map

* Provides insights for selecting ATR flux
sensors
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AR Summary

National Scientiiic User Facility

« Efforts underway to provide ATR users new in-pile
instrumentation

 New sensors for detecting temperature available

* New sensors for real-time detection of thermal
conductivity, elongation, and neutron flux under
evaluation for near-term deployment

 Future activities include:

— Evaluate and deploy remaining sensors currently
available at other test reactors

— Evaluate new sensor technologies not available
at other test reactors

— Strong opportunities to explore and deplo
developmental sensors in science-based DOE-NE

program initiatives.




