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Godiva-IV 
 

    
• Pictures are from HEU-MET-FAST-086, “Godiva-IV Delayed-Critical Experiments and Description of an Associated Prompt-Burst 
Experiment,” 2012. 
 
• The uncertainty of the benchmark (Case 4) is ±220 pcm. 
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Updates Needed 
 

 
 
  

(Highlights added.) 
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Third… 
 
 
• Third, the safety block at its full-in position was closer to the 
inner subassembly plate than was modeled in the benchmark. 
 

+ In the benchmark, the separation distance is 0.100 in. 
+ In 2012, it was measured as 0.0145 to 0.0175 in.  
(minus an assumed 0.010-in. recess) 
+ In 2023, it was measured as 0.0197 in. 
(minus an estimated 0.010-in. recess) 
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Fourth… 
 
• Godiva-IV is now at NCERC in the DAF with Comet. 
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Our Plan for the Benchmark 
 
• HEU-MET-FAST-086 presents a fairly detailed but simplified benchmark model. 

+ Mosteller documented the full detailed model in Appendix B. 
 
• The revision will include a very detailed benchmark model and a 
simplified benchmark model for the present (DAF) configuration (4 cases).  
 
• The TA-18 benchmark model (5 cases) will be corrected and retained. 

+ Most current dimensions will be assumed to have existed at TA-18. 
+ The main differences will be Top Hat dimensions; control rod 
positions; safety block position; and presence of the building. 

 
  

Appendix B 

Current benchmark model 
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Physical Measurements 
 
 
• In February 2012,  

+ the fuel part dimensions were measured with calipers; and 
+ the fuel parts were weighed.  

 
• In March and June 2023, the assembly was measured with a coordinate 
measurement machine (CMM) and calipers.  

+ Could not reach inner dimensions. 
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Incorporating the Physical Measurements 
 
 
• The 2012 and 2023 measurements are not always consistent. 
 
• Precedence: 

1. CMM measurements 
2. Caliper measurements from 2023 
3. Caliper measurements from 2012 but only lengths/heights (not diameters) 

 
• Some dimensions (in.) 

 CMM 
(2024) 

Calipers 
(2012) Drawings 

Height of fuel rings 6.049 6.059 6.059 
Dist. between jaws 7.100 – 7.047 or 7.000 
Avg. OD of fuel rings 6.995 7.004 7.000 

 
  

Height of 
fuel rings 

Between 
jaws 

• All fuel ring heights were reduced by 0.0017 in. → Match total height of 
fuel rings 
 
• Mosteller had assumed a 0.062-in. depression at the top of Ring 6. It was 
not observed in 2012. Remove it → Match distance between jaws 
 
• All fuel rings use average CMM OD → Match average OD 
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When Large SNM Parts Have Large Threaded Areas, It Matters a Lot! 
 

 
 

 
 
 
 
 
  

• The diameter on a drawing (e.g. “1-14NF”) is the Major or Nominal Diameter.  
 
• Using that diameter in the model adds material in the crests. 
 
• I use Diam. = (Nominal Diam. + Minor Diam.)/2 
 
• The effect on density is 0.32 %, 0.52 %, and 0.70 % for three Godiva parts! 

https://www.machiningdoctor.com/charts/unified-inch-threads-charts/#unified-inch-threads-dimensions-charts 
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Results so Far 
 
• Current updated model for Case 4 has keff = 1.00112. 

+ Put it in the building; keff = 1.00152 
+ Reactivity worth of peripherals was measured as 32.79 ¢ = 
0.00214 Δkeff so model has keff = 1.00366 

 
• The current Top Hat reactivity worth was measured to be 30 ¢. 

+ But it is calculated to be worth 21 ¢. 
 
• Current updated TA-18 model for Case 4 has keff = 0.99947. 

+ Appendix B model (not updated) calculates keff = 0.99268  
(ENDF/B-VIII). 
+ Changing spindle, decreasing height of safety block, and 
raising safety block added Δkeff = 0.00453 (NCSD 2022);  
keff ≈ 0.99721. 
+ Presumably the remaining Δkeff = 0.00226 comes from 
improved dimensions. 

 
• In summary, the current DAF model overpredicts by 366 pcm;  
the current TA-18 model underpredicts by 53 pcm. 
               • Other (calculated) numbers to remember: 

               + Reactivity worth of the building: 40 pcm = 6 ¢ 
               + Reactivity worth of Comet: 0 pcm = 0 ¢  
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Issues that We Are Investigating  
 
 
• There is a mismatch of 1/16 to 1/8 in. between physical measurements of control rod travel and HMI (controller) readings. 

+ The resulting uncertainty in keff is ≈ 20 pcm (if these are considered bounding uncertainties for control rod location). 
 
• We don’t quite know where the spindle is relative to other axial surfaces. 

+ Does not affect keff (raising to 0.100 in. has no effect) but could affect foil irradiation inferences. 
 
  

0.001 in. assumed 
by Mosteller 
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Summary and Conclusions  
 
 
• The Godiva-IV benchmark reevaluation progresses. 
 
• There will be a detailed and a simplified model. 
 
• There will be a legacy TA-18 version and a new DAF version → 9 cases. 

+ My system for modeling makes it very little extra work to have all these versions. 
+ Control rod, burst rod, and safety block motion is all done with translations. 

 
• The current DAF model overpredicts by 366 pcm; the current TA-18 model underpredicts by 53 pcm. 
 
• I have not started the uncertainty analysis yet and won’t speculate on what the result will be! 

+ I don’t believe that all perturbation calculations are needed for all cases. 
 
• Nothing that I have presented has been formally reviewed. 
 
• I welcome your comments and suggestions. 
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