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Rail Cask/Railcar Quotes 


TCRC Areva Holtec NovaTech 


Cask NLI 10/24 TN-32B HI-STAR 60 
(12 15x15 PWRs) 


Square “cask 
mockup” 


Railcar custom NLI 
railcar leased leased to be 


purchased 


Basket tbd yes yes 
yes  


(square 4x4-
array) 


Cradle yes transport skid yes 
saddle 


mounting 
structure 


Surrogate 
assemblies no no no yes 


Relative cost low high high medium 
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Backup slides 
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Where the UFDC R&D is leading us… 


 The strains measured in the assembly NCT test program were in the micro-strain levels – 
well below the elastic limit for either unirradiated or irradiated Zircaloy-4 
 


 Based upon the test results, which simulated normal vibration and shock conditions of 
truck transport, strain- or stress-based failure of fuel rods during normal transport 
seems unlikely 
 


 Strains on irradiated rods with fuel during NCT may be less than the strains measured 
on unirradiated tubes due to increased stiffness 
 


 Fatigue during transport does not appear to be an issue 
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Span 10 instrumentation for DCL tests 
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Span 5 instrumentation for DCL tests 
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Spacer grid acceleration v. table vertical 
acceleration for rail shock test 
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SNL Shaker Shock Test Video 
Top-end view of assembly in basket 
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Irradiated rods are stiffer than unirradiated tubes. 
Strains decrease with stiffness. 
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1. Bending stiffness (=EI) of HBR high burnup irradiated Zircaloy-4 rod with pellet-
clad interaction (per ORNL): EIZirc4-irr ≈ 52 N-m2  


 
Range of irradiated rod EI ≈ 16.5 – 87 N-m2 (depending upon interfacial 
bonding condition) 


 
2. Bending stiffness of unirradiated Zircaloy-4 tube (SNL assembly tests): 


EIZirc4-unirr = 17.7 N-m2  [includes contribution of Pb] 
 
3. Bending stiffness ratio: Zircaloy-4 (irradiated/unirradiated) = 52/17.7 = 2.9 


The maximum strain measured in the truck test was 147µm/m so, for the same 
loading environment, the NCT strain on an irradiated rod would be: ≈ 
147(17.7/52) = 50 µm/m 


(or ≈ 70 µm/m considering difference in natural frequency of irradiated rod and 
unirradiated tube) 


 
Range irradiated rod NCT strain: ≈ 157 – 30 µm/m 
(depending upon interfacial bonding condition) 
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Bending moments applied in ORNL tests 
exceed NCT bending moments 
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*strain calculated via ro(κmax) 
ro


Zirc4 = 5.385 mm (HBR cladding) 
(other strains based upon ratio of [κmax/.22] x 1185) 


 


Selected ORNL HB Robinson Zircaloy-4 fatigue test data 


Specime
n 


Burnup 
(GWd/MT


U) 


Applied 
Bending 
Moment, 


M 
(N-m) 


Curvature, 
κmax 
(m-1) 


Strain 
(µm/m) 


Stress 
(lb/in2) 


Cycles 
x106 


Failure
? 


D2 63.8 5 0.16 862 1.15E4 6 NO 
D4 66.5 7.6 0.23 1239 1.65E4 11 NO 


D5 66.5 9 0.22 1185* 1.58E4 2.3 YES 


D9 66.5 35 1.2 6464 8.60E4 0.007 YES 
D13   13.72 0.44 2370 3.15E4 0.129 YES 
D14   8.89 0.27 1454 1.93E4 0.27 YES 
D15   7.62 0.22 1185 1.58E4 22.3 NO 


Conditions for SNL NCT assembly tests 
  0.7  0.04  ≈ 200   


Q: How many cycles to failure for a bending moment of 0.7 N-m? 
Answer: cycles to failure should be ≫ 22.3 x106 
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No failure 


Stress amplitude based on maximum 
shaker shock strain, 213 µin./in. 


Est. shock cycles 2000-mile rail trip 


Est. range of vibration cycles 2000-mile rail trip 


Fatigue design curve (           ): O’Donnel and Langer, “Fatigue Design 
Basis for Zircaloy Components,” Nucl. Sci. Eng. 20, 1, 1964. (cited in 
NUREG-0800, Chapter 4) 


Data plot courtesy of Ken Geelhood, PNNL 
The large circles are ORNL HBR data 


NCT vibrations unlikely to result in fatigue failure 
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Conclusion 


 The strains measured on the rods in the assembly NCT test program were in the micro-
strain levels 


 
 Strains on irradiated fuel rods during NCT may be less than strains measured on the 


unirradiated Zircaloy-4 
 
 Strain- or stress-based failure of fuel rods during NCT unlikely 
 
 Fatigue during NCT does not appear to be an issue 


 


Empirical evidence for these 
conclusions: 


 


36 June 10, 2015 DOE/NE UFDC Annual Meeting Las Vegas, NV 







Used 
Fuel  
Disposition  


Transport experience France 
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More than 75,000 LWR used fuel assemblies transported 


(from France, Japan, Germany, Belgium, Switzerland, the Netherlands, Italy) 
 
About 7,500 loaded casks with LWR assemblies 
 
La Hague reprocessing plant has received 15,156 assemblies … with burn-up greater than 
45GWd/tU (from EDF) 


 


No assemblies have ever been damaged during transport 


No damage to or leaks of the casks has ever occurred  


“The information is associated  to AREVA TN packages, 
transport means and operational experience.” 


AREVA TN information EDF website: 
http://www.edf.com/fichiers/fckeditor/Commun/En_Direct_Centrales/Nucleaire/General/Notes_Info/Note_info_
transport_comb._dechets_nucl_082010.pdf 
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Comparison of maximum strains  
measured on Zircaloy-4 rods  


in truck and shaker tests 


Strain Gauge ID 
(Truck/Shaker) 


Location on 
Assembly 


(Top-middle 
Rod) 


Truck Test  
Maximum Strain 
Absolute Value  


(µin./in.) 


Shaker Vibration Test 
Maximum Strain 
Absolute Value 


(µin./in.) 


Shaker Shock Test 
Maximum Strain 
Absolute Value  


(µin./in.) 


S1 - 0° Adjacent to first 
spacer grid, 


Span 10 


55     


TMR-G-S10-3   89 80 


      


S2 - 0° Mid-span, 
Span 10 


94     


TMR-G-S10-2   207 213 


      


S3 - 0° Adjacent to first 
spacer grid, 


Span 5 


143     


TMR-G-S5-2   97 119 


      


S4 - 0° Mid-span, 
Span 5 


69     


TMR-G-S5-1   156 114 
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Test Unit on Concrete Blocks on Trailer 
for Over-the-Road Test 
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Basket/assembly 
Basket based on NAC-LWT PWR design 


Concrete simulates mass of a truck cask 
≈44000 lbs v. ≈51200 lbs for a NAC-LWT cask 
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Low strains measured on instrumented rod 
during over-the-road test 
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dip on Area III Access Road Poleline Road Gibson Blvd. 


Strains correlated 
with road conditions 
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Rod strains (µε v. time) and FFT (µε/Hz v. Hz)  


for over-the-road test 
maximum strains occurred at low Hz 
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40 Hz 110 Hz 
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Gaps 


I.D. (inch) O.D. (inch) Gap (inch) 
Zr-4 tube 0.334 
Cu rod 0.312 


Pb rod and pellets 0.280 
Mo pellets 0.3125 
Pb in Zr-4 0.054 
Mo in Zr-4 0.0215 
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Density 
(g/cm3) 


Density 
ratio 


Elastic 
modulus 


(GPa) 


Ratio of 
Mo/Pb 
pellet 


weight 
UO2 10.97 1 192 
W 19.25 1.75 411 


WC 15.63 1.42 550 
Pb 11.34 1.03 16 


1.13* 
Mo 10.22 0.93 329 
Zr-4 6.52 99 


* 12-foot Mo pellets = 4.1 lbs; 12-foot Pb pellets = 3.6 lbs 
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Rail Cask / Railcar RFI 
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 Sandia issued a RFI for a rail cask and transportation system on Business 
Opportunities Webpage 
 


 Responses from 
– Areva,  
– Holtec, and  
– Tri-Cities Railroad Company/NAC 
– NovaTech 


 
 Formal RFQ may be issued pending future funding 


 
 Testing could be performed at TCRC or TTCI 
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Application of Fuel Assembly Test Results (1) 


The margin of safety between the applied loads on fuel rods during 
NCT and the material properties of Zircaloy rods has not been 
quantified. 
 
The SNL assembly tests provide data – the applied stresses on the rods 
- related to the issue of the margin of safety: 


     applied rod stressnormal transport  
 
Material property test programs at other national laboratories shall 
measure properties of high burnup cladding: 


     yield strengthcladding 


      stiffnesscladding  


     fatigue strengthcladding 
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Application of Fuel Assembly Test Results (2) 


• The data from the assembly tests will be used to validate 
finite element models of fuel assemblies.  


• The validated models can be used to predict the loads on 
fuel rods for other basket configurations and transport 
environments, particularly rail. 


 


 


 
FUEL ASSEMBLY SHAKER TEST SIMULATION, Klymyshyn, et al.,  PNNL, 
 FCRD-UFD-2013-000168, May 2013  
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SNL Experimental 17x17 PWR Assembly  


Isometric View of Fuel Rods 
(Top Nozzle and Basket not shown) 


Only Zircaloy rods were 
instrumented with strain gauges 
and accelerometers 
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Basket/Assembly Test Unit 


• The test unit included an assembly and a basket. 
• The basket is based upon the geometry of the NAC-LWT truck cask 


PWR basket. 
• The assembly was placed in a basket which was placed on 1) a 


shaker and subsequently 2) a truck trailer. 
• The assembly had the same freedom of motion within the basket as 


it would have in an actual cask. 
 


• 6061 Aluminum Basket 
• Sides 1.5 inches thick 
• Top/bottom 1 inch thick 
• Length 161.5 inches 
• Weight 837 pounds 
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Left: Accelerometers and Strain Gauge on Top-Center 
Zircaloy Tube and Spacer Grid 
Right: Assembly within Open Basket. Note the two Zircaloy-4 rods with 
instrumentation attached 
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Uniaxial Accelerometer and Strain Gauge  
on Test Assembly 
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Spacer Grid Copper Rod 


Zircaloy Rod 
Accelerometer 


Strain Gauge 
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Lead Rod within Tube to Simulate Mass of UO2 
 


Copper tube 
(or Zircaloy rod) 


Lead 
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