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Objectives: Provide a platform for evaluation of advanced fuel concepts under postulated design basis accident (DBA) and beyond Objectives: Develop a separate effects test device to understand cladding material response to the low-
design basis accident (BDBA) conditions. Replicate and optimize already demonstrated L.oss-of-Coolant Accident (LOCA) temperature pellet cladding m_echanlcal mteractlon_ (_PCN”) phase of a Re_a9t|V|ty-In_|t|ated Accident (RIA).
Integral Test System while providing a wide range of conditions (temp, pressure, gas flow rate, etc.) in-core during BDBA:s. Support restart of the Transient Reactor Test Facility (TREAT) by providing experimental data for model
_ _ development and informing design of in-core integral effects testing.
Integral LOCA Testing High Temperature Furnace (BDBA)
One of NRC’s central regulatl_ons used in nuclear plant I|c_en3|ng deals vv_|th Ca_mdidate fu_e! cladding materials can be expose_d_ to severe H |gh Strain Rate PCMI Test Device Reactivity-Initiated
postulated loss-of-coolant accidents (10 CFR 50.46). The in-cell LOCA integral accident conditions well beyond LOCA test conditions. The . . '
test desi dtoi tigate th f f t and ad d : : : : Based on enhanced version of EPRI device o Simulates PCMI Phase of RIA ACCIdeﬂt (RlA)
[es (s]| _arted $3|glne hc_) |rr]1vesdlga eb IeI per_ormar;lce ot c:urrenOI anL gc\fnced_t_ system Is capable of exposing samples t? ra|I3|dIy II7%V(\)/”239 (Yueh etal. JINM 2016, Yueh INM 2017) | 5o Tube Filled with RIA is postulated design basis
irradiated fuels, which undergo ballooning and rupture under conditions. steam at temperatures of at least °C. SRR SRR : :
9 9 P P Driver Tube _F%\\\\\E ;}5;\\\\\\\% _~ Hydraulic Oil accident (DBA) in an LWR
ue J iy _ A iﬁ“ e~ | | Pressurizes Oil rod-ejection in PWR or control-
LOCA Oxidation- / [ e | | High (Thpdk}—fﬁé f 1R ;/«ﬂ% » Oil Expands Driver Tube rod-drop in BWR. During the first
Integral Quench / - ' £ Temperat_ure EE*% % % %ﬂj—*%\: e Driver Tube Strains Samp|e phase of RIA, the fuel pellet
Test Test e T s R ' Test Station N [N - thermally expands. To ensure RIA
sample Spec [N iiabtintee [des o/ 23 0T N T il S e Bl cffects of candidate cladding
PIe <P Rod e S— { ¥ - B materials are acceptable, tests are

50-mm

necessary to determine their
appropriate safety limits and failure
mechanismes.

Sample Segment ~ K %) | 1R I8 * Sample Segment

~200 - ~95 - ~25 - 50
i) 00 - 300 5-50 (mm)

S Rod or Coupon ] = - _
\ Sample Spec P Core Pin =
w/3mm hole - _ )
(a)| ) (ii) (1)
oD \

Perforated Swagelok
Spacer ™ Connection| [

R B rf, , | 1 s D
SIS (=2 ~8, max 20 1 ,.f - | § Pressure (MPa) 1 puir-g ¢
Weld > =y X r_ I'L 2 i IS — -“F
YEYRC GO 1200 1200 Bt ) BEWE N : Max Temp (°C) 1700 Y '1
4| mid-plane t:_ﬁ‘-:. k- ‘ f ,. ; ] - : J \ E :

Driver tube designs are optimized to
proposed cladding dimensions for
cladding candidate materials.

0 & 180° ‘

I - e
¥ Pressure
R Transducer

Heating Rate Heating Rate

Specimen 300mm

Pre-Heat Furnace

. 5 5; max 20 : 10; max 25 e
(°C/min) N W Sl (°C/min) ] i ] ) i
SO MIBEAN WA =t T PR o T . . Demonstration with Zirlo, SICf/Si1C-m,
S o Rate Wheii s | P Steam Flow Rate [N Controlling Pulse Width 4 FeCrAl Samol
(mg/cm2.s) > > pertorated . X 4 - | (mg/cm2.s) - PCMI tests are conducted to determine the failure all ecr amp €S
| By Fou K strain (%) of a sample. However, the pulse widthand > — 3 .
Steam - - - —Internal Pressure :
Steam or  Steam or -1 | Steam or Ar rate of fuel temp. increase will help determine the ol M\ - Hoop sinin
Environment Ar Ar ~ | Nl 2« . [la QRS — Environment strain rates (%/sec.) which will inform the strain rate £ i g
\ RS | that should be targeted for a particular test. gion 5 Eos
"_. 1_‘ \' . .; = \ o s o f/\/\\\ 250 = : i :
ol e @ 20-800 @20-800 . TR N\ Quench (°C) None 50 = 005
: L A -l Core-Pin 20|
52 m/s B Sy 66 M's ) 1 Displacement g0 K 25 0 s " 10 20
_ _ .. o _ (o) _ - (1) 0.2 : : I : : —_— i 7 \ - E Core Pin Displacement [m] Time [ms] . . Time [ms] . .
Benchmark LOCA Test Zr-4 - 900psi; 17% CP-ECR _ Benchmark LOCA Tests at 1200°C for CP-ECR = 17% _ S0 sambles st [RRTG W Controls Pulse S | s Hydrogen-charged (but still ductile) Example test to failure with
oo LOCA Test 2r4-21 with Zry-4 at 1200C, 2/2/2017 = °* 4 benchmark LOCA tests conducted at 00 g e & 4 z _oo1270 ZIRLO SiC-f/SiC-m
\ CtI TC at 0 deg, 2-in above 1200°C for 0, 600, 900 and 1200 psi € ] ¥ , L, - - - -
| - Limit TC at 0 deg, 2-in above . . ) . Q 024 AN ;h(i)n CVD-sic B 0 L 1 L L
1200 | atodeg, 2:in below e All samples ruptured in middle 4” section 2 2 o T Three DImenSIOnaI Strm,ﬂHsmg DIC
'S 044 e tms | P s W
p 1000 900psi___ | Internal qg’ - 5 | _ ¥l & e i |- Speckle pattemn
g0 | ( 1 M | pressure 06 . Transient test reactors do not : HE — and the region-
1 | IH L —Opsi  § —— REi produce a prototypic LWR RIA — Of-interest for
§ 600 - | | R A — 600 psi =1\ Z, i pulse width (driven by neutron i g vE s gl - the strain
400 - . 36.9% W | _— ‘.gcy 000 o E 104 | 100%Seamtests =~ oo £ | generation time), so PCMI separate  predicting location of hoop — Mmeasurements.
. K : = =% G O i —D— - - = 2 TREAT Pulse with He-3 . . . ) SRR UTEEE S SO |
. : | o | e o 8 .1 o anorest-cpsc| g | l P effects testing can augment in-situ  fajlure strain can be overcome F I
| 5 : Straill 526.7% = 3 <« 1200 psi —m— 4 hour test - SIO, . e 1t N /cfd testing and benefl’_t from RIA | by three dimensional Digital [l |-
® o me s w0 o0 ma oo | Y, A ) S Condition pulse width calculations.  1mage Correlation (DIC) using mirrors

Atmospheric Pressure Test to 1700°C 1 O e 1000 to view all sides of the sample.



	Slide Number 1

