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® Goal, and Objectives

* Develop and test high temperature capable (to 800 °C) Micro-Pocket
Fission Detectors (HT MPFDs), which are compact fission chambers
capable of simultaneously measuring thermal neutron flux, fast neutron

flux and temperature within a single package.
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Project Overview

® Participants
» Troy Unruh; Idaho National Laboratory

» Philip Ugorowski, Douglas McGregor, and Michael Reichenberger;
Kansas State University

» Jean-Francois Villard; Commissariate a I'energie atomique
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Project Overview

Milestones and Deliverables ]

B Schedyle T R 7R TR

Task 1: MPFD Design Optlmlzatlon
and Material Procurement
(INL/KSU/CEA)

. Use prior results and refine design for 800 °C
 Procure candidate materials for enhanced design
e Issue letter report

Task 2: Prototype Fabrication

(lNL/KSU) « Use prior results and refine construction for 800 °C
o [ssue letter report

Task 3: Prototype Laboratory and —

Analyt'cal Evaluations « Test in high temperature furnaces, autoclaves, etc.
(INL/KSU/CEA) » Develop analysis models for irradiation
o |ssue letter report
Task 4: Prototype Irradiation Testing
(INL/KSU)  Test in irradiation facilities

« Compare against analysis models
e Issue letter report

Task 5: Prototype Design

Improvement and Material « Refine design based on
Procurement evaluations as needed
(INL/KSU/CEA) « Update analysis models as needed

« Procure new materials as needed
o [ssue letter report

Task 6: Improved Prototype K

LaboratF’rY and Analy?'cf‘“ * Repeat prior evaluations to
Evaluations and Irradiation demonstrate improvement
Testing (INL/KSU/CEA) « Compare and contrast evaluations

and analysis models
 Issue letter report

Task7: Reporting and Project

Management

Annual Annual Final
Report Report Report
(AlN) (All) (All)
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Accomplishments

B FY15 Milestones, Deliverables and Outcomes

* Meeting with CEA collaborators to discuss CEA computer modeling
capabilities of the MPFD design, 11/13/2014

* Project Kickoff meeting at KSU to discuss roles and responsibilities (M4),
12/22/2014

November meeting with CEA at INL December meeting at KSU
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B FY15 Milestones, Deliverables and Outcomes

* Presented "Enhanced Micro Pocket Fission Detector Evaluations" at 2015
Nuclear Plant Instrumentation, Control & Human-Machine Interface
Technologies (NPIC-HMIT) Conference, February 23-25, 2015

* Cover and article in Nuclear News, February 2015

February NEET ASI article on page 63
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Accomplishments

B FY15 Milestones, Deliverables and Outcomes

* Provide input to irradiation programs interested in HT ﬂﬂz
MPFD technology (independently funded)

— Accident Tolerant Fuels (ATF)
— Advanced Gas Reactor (AGR)

* Procure candidate materials (M3), 4/30/2015
— Update to Inconel 625 outer sheath

1{ ,I Thermocouple
i 1 region

— Ultra-smooth alumina instulators
* Develop HT MPFD design (M2), 7/31/2015

5.k )| Fast neutron
detector region

— Move thermocouple to extension cable ii
— Increase sheath wall thickness to 0.020” (requested by

ATF) <l
— Use Type N thermocouple (requested by AGR) }j ”

& <> =] Thermal neutron

* Initiate electroplating at amplifier development at KSU u dstector region
(M4), 9/30/2015 ==

\
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Accomplishments

B FY15 Milestones, Deliverables and Outcomes

* KSU Student Paper, “Micro-Pocket Fission Detectors (MPFDs) for In-Core
Neutron Detection”, Annals of Nuclear Energy, accepted August 2015.

* [ssue “NEET Enhanced Micro-Pocket Fission Detector for High

Temperature Reactors - FY15 Status Report, INL/EXT-15-36637" (M2),

9/30/2015

SNL
|doho Nafional
Laboratory

INUEXT-15-36637
Draft Revision: 0

NEET Enhanced Micro-Pocket
Fission Detector for High
Temperature Reactors - FY15 Status
Report

T.Unruh, D. McGregor, P. Ugorowski, M.
Reichenberger, T. Ito

September 2015

The INL is a U.S. Department of Energy National Laboratory
operated by Battelle Energy Alliance

October 28, 2015 Enhanced Micro-Pocket Fission Detector (MPFD) for High Temperature Reactors




S8, U.S. DEPARTMENT OF

WENERGY ¢, 5sscutting Accomplishments

Nuclear Energy

B Accident Tolerant Fuel (ATF) Irradiations ||| | i ;'f
* ATF-2 Sensor Qualification Test in ATR -

Irradiation
— HT MPFD (Irradiation funded by ATF-2) wa region ¢
— Irradiation for one ATR cycle /H\ i

— Irradiated with other advanced sensors

: !l’lll], Fast neutron

I] | Fast neutron | detector region

| detector region I ,‘ lll

|

[ I | | ]

o ATF-3 multi-Static Environment Rodlet pr— &l
|
|

low efficiency

| !l’ ll | Thermal neutron
4 | detector region

Transient Test Apparatus (multi -SERTTA) o ton | delecor i

Ir["adlatlon r\\‘ detector region | ]jl ll :
— TREAT-designed MPFD (lIrradiation funded by =~ — PHR
HT MPFD design | =~ |
ATF-3 ll {| Fast neutron
|| detector region
— lIrradiation for low power calibration and high i hor efficiency

— Four fission chambers to capture transient

| Thermal neutron
| detector region
high efficiency

|
’

power transient »
»

!

— No thermocouple

7/}
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B ATF-3 multi-Static Environment Rodlet Transient Test Apparatus
(multi-SERTTA)

Modular Instrumentation
Specimen Holder Head Unit

Micro Pocket
Fission Detector

Water
Temp. TC

Cladding
Surface TC

Cladding
Surface

Pyrometer

Boiling
Detectors
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B Advanced Gas Reactor (AGR) Irradiation

* AGR-5/6/7 Irradiation in ATR (funded by AGR)
— HT MPFD with Type N thermocouple
— Irradiation for entire test (~3 years)
— Irradiated with other advanced sensors

Experiment

o monitors
| regic | cabinet
| |
| |

|
/ : 1B cubicle
| |

| .
: Reactor core | Concrete shielding

g

ATR vessel

AGR 5/6/7 cable diagram
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Technology Impact

B Advanced sensor for DOE-NE programs requiring real-time flux
detection

* Neutron sensitive (BOTH fast and thermal)

* Temperature sensitive with integral high-temperature thermocouple
* Compact size

* Radiation resistant

* High temperature and pressure compatibility

* High accuracy, high resolution

* Flexibility (variable sensitivities, lifetimes and detector responses)

* Fast response

* Long lifetime

M State-of-the-art sensor positions U.S. for leadership in irradiation
testing

* Minimizes flux perturbation associated with typical real-time in-core sensors
* Eliminate uncertainty with transient correction factors

* Permits 3D modeling and triangulation of data for validation

* Higher fidelity data for modeling and simulation of materials and fuels

October 28, 2015 Enhanced Micro-Pocket Fission Detector (MPFD) for High Temperature Reactors
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Conclusion

B Compact, multi-purpose advanced neutron detector is essential
for high temperature, high pressure, high flux irradiations
identified by various irradiation testing programs

B Data from fast response, accurate, miniature neutron detector
will be a critical tool for validating high-fidelity computer models
under development

B HT MPFD is attracting interest from several DOE-NE irradiation
programs

B FY15 HT MPFD research completed successfully and on
schedule
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