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UIUC AFT-IRP Philosophical Approach

U.S. LWR assets are safe, well-maintained, and well-operated.

Zr-based cladding performs well in LWRs under normal operational conditions.
Extensive performance data base with respect to normal and transient conditions.
Regulatory approval/industry acceptance for modified Zr-based cladding

path of least resistance.
Modifications of Zr-based cladding can lead to ATF without significant

Impact on performance under normal operational conditions.




Two Solution Pathways to Mitigate Accelerated
Oxidation and H,(g) Production
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Self-healing pathway ATI Wah Chang
(intermediate stock supplier)

v phases with additives:
Si, Al, Mo, Cr

Composition® (weight %) of various zirconium alloys. /
Alloys Tin Iron Chromium / Nickel Niobium AddItI_VeS Segregate_ to free_ Surface;
Zircaloy-1 250 ~ ~ ~ _ incorporated into oxide;
Zircaloy-2 1.50 0.12 0.10 0.05 - lower growth Kinetics;
Zircaloy-3A 0.95 0.5 _ | y phases |- ~ longer on_set to accelerated
Zircaloy-3B 0.50 0.40 - - - oxide growth.
Zircaloy-3C 0.50 0.20 - 0.20 -
Zircaloy-4 1.50 0.20 0.10 - -
ZIRLO 1.02 0.10 - - 1.01
M5® - 0.05 0.015 - 1.0 . - .
£110 - - - - 0.95-1.05 X preCIpltateS dissolve
E125 - - - - 2.20-2.60
E635 1.1-1.3 0.3-0.4 - - 0.95-1.05 "‘900 C
OPT ZIRLO 0.66 0.11 - - 1.04
X5A (AXIOM) 0.5 0.35 0.25 0.3
4 Remainder zirconium. 7—
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Participation Interconnections
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U.S. DOE NEUP/U.K. RCEP Investment

Table 5. Summary of budget allocation for IRP partners.

Partner Year 1 Year 2 Year 3 Total
U. Ilinois $538.764 $543.416 $557.768 $1.639.945
U. Michigan $230.000 $230,000 $230.000 $690.000
U. Florida $213.180 $165,492 $161.329 $540.000
INL $150.,000 $150.000 $150.000 $450.,000
ATI Wah Chang $60.000 $60.000 $60.000 $180.000
U. Manchester (funded via the UK. Research Council Energy Programme) £984.270%*
TOTALS $1.191.944 $1.148.908 $1.159.097 $3.499.945%




Experimental Capabilities—Sample Fabrication

Sputter deposition: U. Illinois
Cladding fabrication: ATI Wah Chang




Experimental Capabilities—In-service corrosion

Autoclave capability: U. Michigan, U. Florida, U. Manchester
lon accelerator capability: U. Illinois, U. Michigan, U. Manchester




Experimental Capabilities—Off-normal oxidation

TGA: U. lllinois, U. Manchester




Experimental Capabilities—Microanalytical Characterization

Microanalytical: U. Illinois (FS-MRL), U. Michigan, U. Florida, U. Manchester
AES, TOF-SIMS, XPS, FIB, X-ray based techniques, TEM, SEM, AFM,...
ANL: IVEM, APS
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Zr-Sn phase diagram
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Zr-H and Zr-H-O Phase Diagrams
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Zr-H phase behavior at low H concentration

100 -
T //"’
g /
a 801 Precipitation
E solvus (TSSP)
= CpTy) oo ...:’
£ 609 ¢ o : ”ﬁf\; ' @
c / : ; ) :
e 4 : Dissaolution
2 ,—/ Z (TSSD)
40 e P
o // :
s /’/ L
ﬂg-’, cd(TL]././.%
5 207 /__./ e
= o T
T /”)-i- i H :
— Tx  Tply Tz
O T T T
150 200 250 300 350
Temperature (°C)

G.A. McRae et al./Journal of Nuclear Materials 396 (2010) 130-143
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