5O
9%
)1 %% 5
t:0’0
olels
-’a"«“.

In-Pile Instrumen I Fuel Safety Testing -GOIsz%%

SEESECEEE P
: S N

--f.ﬂ-----li‘v’o!----- L 1N [

Overview Instrumentation for Transient Testing

. Goal: Measure critical fuel performance parameters with quantified uncertainty Monitor test- Instrumentation used 1n in-pile transient testing:
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. Enabling technologies

EX p er I m e n t — teedthroughs, hot-cell implementation, etc.
Integration . )

L. —\‘
1500 B/ e N .

1000

500

Cladding surface

u K
| Upper particia filter —

: : : Conceptual Formulation |

Acceptance Instrumentation Engineering = """ e reeonern ||
: - -  Facility & experiment constraints Oifferential thermocouple (21— | /" Schanmitz presaure

* Experiment integration _ N transducer
+ Testing in TREAT Process f_or TREAT * Proof-of-concept testing water e st — || T
» Implementation support Experiments Temperate ruesccaaaro ||| Lt

- i /,-Therrnal barrier Upper support Imn—-...,,__h: | }—Thermocouple
2X Pyrometer Upper ber plale —|
) ) CII;;gdf::]r;ipes Top of active fusl — -F——Fo0Wm
Design & Demonstration Temperature
VMPED TCs | =] In-pile tube exit Center 3upport bars —~ | o .
-Conceptual-to-final design . (R A
*Engineering development |
- Experiment integration Bailing Detector | P——
-Refinement & optimization e ote toon Byoess ow—
» Characterization & testing _ | 4
« Uncertainty quantification R N Area Fuslrod | |
‘ u r re n t Se n S O r Dev el O p m e n t l Multi-SERTTA Instrumentation Design for RIA testing | e
Bottom of a::lunr::: L} — ko
. . . . . . . . Lmrb’mw 7
. Current development focused on Multi-SERTTA deployment for Reactivity Initiated Accident (RIA) up to PWR conditions i wor—t - tan
. p e 3
.... Hanger rod ?u-ra?nEtar:I?aﬂ:';?—f‘j M?r:o:c:adcep:u e
. . . . . £ ‘l Il\”\/l 216~ — 11 =B o ape aho Lowar suppart bare =] ==,
Micro-Pocket Fission Detector Infrared Pyrometer /A Capacitive Void Sensor /A T amesotaits omeontas swmocoie a1 Coitns L
KANsAS STATE I%"’ Al UtahState. &" Al UtahState rrommater vearer e/} BT 0%
UNIVERSITY. . niversity ‘ niversity Flmurm"‘“"g plnle—/ NkTuiim ﬂt
* Goal: Measure real-time neutron * Goal: Measure cladding * Goal: Detect departure from ‘ I aypase o F |
——=4 052
flux near test specimen temperature with fast response nucleate boiling (DNB) and void - R Toin towmotr
. Measured 1.76 - =—- 8- 69-MPa Bell & Howall presaure tranaducer
° State—Of—the—aft: SPND ﬂﬂd mlﬁlmal lmpaCt on Claddlﬂg ffaCthﬂ :a’a_i“ic impedance: Lower partiche fliter —-
Capacitance V [
uuuuuuuuu " (leads, _
. . non- COﬂtaCt w, _ _ _ . 1 vessel, etc. Z=-— 1ch basket —&-
* Requirements: compact, wide flux ( ) e ll < ;E;.BM * State-of-the-art: Ultrasonics, S P cach bkt 3 G
. . | : —=—+jaC
range, high temperature and * State-of-the-art: Thermocouple temperature/pressure sensors VWA 777 o |
. . conductivity Example of historical RIA test train for the Power
pf@SSUI’C, ~11S I'GSPOI]SC ¢ Requlrements: ~11S f@SpOﬂSG * Requlrements: ~1msS f@SpOﬂSC, | | Burst Facility
. . C e : . | |
»  Approach: Adapt MPFD for time, non-contact, use in gas, sensitivity to DNB/void fraction e _
At ' water, steam . ' “etfect. I I b t
TREAT application using pulse ) * Approach: capacitance sensor 7w :O aporations
and current mode - R&D on * Approach: R&D for commercial /-
. . ° ’
sensor response to pulsed, high technologies and complete custom NEUP Projects
power flux approach — R&D of effects of — Advanced Instrumentation for Transient
- - Reactor Testing IRP — Advanced hodoscope,
d 1 design and environment P | T
ond thermistor, distributed temperature fiber,
temperature tost station HTIR, ultrasonic thermometer, needle probe, in-pile
MPFD-33 EQ?( = reglon testmg THE OHIO STATE UNIVERSITY
compute _ —.
o moaraphy ,AK " hangar @mscowsm Kansas State  [daho State “INIL
(a; UNIVERSITY, UNIVERSITY Idaho NelionalLaboralory
= i B | Its f . . .
1= Upper R o ieTArBoY — Benchmarking for Transient Fuel Testing IRP —
St ’/—, ‘;2;0” thermocoupleg test station - in-pile instrument tegtige-at MITR and TREAT
i — & :'.':‘ - ,,, 2 ‘(i (}j"a’ sperumen ' Pl P 4 r station LT 0 Stat 08“ i Fi.l\_b :
: | < W SN = Y_?/ Lower sSu Ogat -~ % 4 rrrl:'letteer Letater re 9EVERgT$ K&V{gﬁs{éﬁ IIIII ldmNGnﬂ;ﬂlbomm
< ii) thermal X | 3 ol and DAS . . .
| //) region — A Transient Reactor Physics Experiment with
5/) T High Fidelity 3-D Flux Measurements for
P g X Emissivity o KANSAS STATE
® 5o . 0ss 2 Verification and Validation uwiversitv.
£ o g | =Y AE
E 450 . 0.86 E Bolliflg detector ! = . .
MPFD coating pre/post . AW e * International collaborations
. b 350 " % X x X X 0.84 electrodes sensor plates
TRIGA pulse images = X — IRSN (France), CEA (France),
250250 . 350 | 4\"1')0 . 550 | 650 | 7500-82

> 180dm

Reference Temperature, °C Halden (NOI’W&Y), NNC Interns fo university

Preliminary measurement results from heated (Kazakhstan), KAERI (Korea) oartners at INL working
rod using active pyrometer system Preliminary measurement results from in PWR water on instrumentation

autoclaves usmg gas Iﬂj@CtIOn

M.J. Harrison, M.A. Reichenberger, D.M. Nichols,
D.S. McGregor, J.A. Roberts. “Preliminary Analysis

Before pulse

of Damage to MPFDs Caused by Reactor Pulses.”
Trans. Amer. Nucl. Soc. 116. (2017)

W After pulse

Acknowledgments: HTTL Laboratory Staff



