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Travis and Patrick,
  Attached please find an assessment of options about controls for fuel element latching.  This
satisfies section 8.a. of the Confirmatory Order.  Please let Paul Brand or me know if you have any
questions.
Thanks,
Tom
 

Thomas H. Newton Jr., Ph.D
Deputy Director
Chief of Reactor Operations and Engineering
(301) 975-6260
(301)401-2123 cell
www.nist.gov/ncnr
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From: The National Institute of Standards and Technology, Center for Neutron Research – 
Confirmatory Order. 


Issued: August 1, 2022 


Page: 28 


Response Date: August 8, 2022 


 


The confirmatory order (CO) is concerned with several technical issues. One of these is the perception of 
a reliance upon administrative controls/actions to ensure that fuel assemblies are adequately latched. 
This specific concern is worded as follows: 


8. Technical issues 


a. Within 3 months of the issuance of the CO, NCNR will provide an assessment of options to replace 
NCNR’s reliance upon administrative controls/actions to ensure that fuel assemblies are adequately 
latched. 


NIST CNR has implemented the following improvements to their Latch Verification procedure to address 
this concern. 


1. Design and build a keyed mechanical (analog) protractor sleeve (figure 1). 
1.1. Function: more effectively meet TS 3.9.2.1(2) (Rotation Check) in the version of the 


technical specification that was active on January 4, 2021. 
1.1.1. This is a mechanical engineering control. 


2. Eliminate 2.3.1.14. in OI 6.1, Revision E (“height check”) 
2.1. This was an error prone Administrative Control. 


3. Substitute Section 4.4 in OI 6.1, Revision E (“flow test”) and Section 2.3.1.14. in OI 6.1, Revision E 
(“height check”) with a requirement for a touch-less “visual check” using a digital camera plus 
image analysis software (figure 2). The way this is organized is by introducing OI 6.1.8 (image 
gathering) and introducing OI 6.1.9 (independent verifications of the latch positions in the 
images taken under OI 6.1.8). 
3.1. This is an (optical) engineering control. 
3.2. Records are kept permanently for later inspection. 


4. A license amendment request (LAR) was submitted (granted July 21, 2022) to the following 
effect on section 3.9.2.1. 
4.1. Before LAR section 3.9.2.1. states:  


4.1.1. Perform elevation check with flow, or 
4.1.2. perform rotation check, or 
4.1.3. perform visual check. 


4.2. After LAR section 3.9.2.1. states:  
4.2.1. perform rotation check, followed by 
4.2.2. perform visual check. 


4.3. This is an administrative control that because of its nature (TS change) significantly 
increases defense in depth due to applying the concept “and” instead of “or”. 







 


Figure 1 Excerpt from a slide deck explaining the workings of an analog protractor that is keyed into the reactor 
top tooling plate and that allows accurate indication of the angle between the latch and the fuel head. 


 


 


Figure 2 Excerpt from a slide deck depicting visual inspection images of three fuel elements. Only element I6 is 
properly latched in accordance with the definition of a properly latched element. 


  







Discussion 


 


There can be some reasonable disagreement on whether the solutions presented in 1 and 3 above fully 
qualify as engineered controls. This holds true particularly when the engineered control in question is 
applied directly on fueling and defueling of the NIST Reactor. However, the controls presented here are 
engineered in that they result in the application of human-made tools to solve human-made problems. 
The tools and the way they are applied are also distinctly mechanical in nature (although one might say 
that the visual inspection tool is more of an optically engineered tool with a significant mechanical 
component to it). 


The NCNR has been met with advice before recommending that a refueling procedure be designed that 
essentially takes all human factors out of the refueling process and as such results in a fully engineered 
refueling operation. This is a fully theoretical condition which can be successfully compared to the 
application of CNC machining which relegates the machinist entirely to the computer screen and locks 
the danger behind a machine encompassing screen. 


One could therefore – in theory – attempt to design a refueling process that handles (latches) the NIST 
reactor fuel fully automatically. 


But just like with parts machining there is still room for a regular old-fashioned mill (or lathe) for 
production runs that simply do not warrant the investment of a fully equipped CNC or even the 
programming thereof. We should also mention here that the first CNC run of a production piece has a 
high likelihood of production failure. The equivalent of that in loading and unloading the reactor is 
undesirable: it has the capacity to irreversibly damage structures “under the hood”. 


So, if we want to compare the ultimate refueling tool for our reactor to the ultimate in state-of-the-art 
robotics it is questionable at best that this will necessarily yield an alternative that is safer than the 
current manual loading operation. 


And even when such a development is successful, we still must contend with the present technical 
specifications, which prescribe that a rotation check and a visual check will have to be done regardless 
of how the fuel found its way into the grid. 


Another approach is offered by what may be considered “incremental engineering improvements”. An 
example of this would be a redesign of the fuel head whereby the windup (torque) of the compression 
spring in the latch mechanism can no longer exert a reaction torque onto the latch mechanism, which 
has been shown to result in the latch escaping the groove in the upper grid plate in the event the fuel 
head is impacted by the refueling tool in some unspecified and unfortunate way. Such a design was 
given serious consideration at the NCNR but was eventually rejected because of the added parts and 
associated complexity and by the fact that impacting the tool is explicitly prohibited by the current 
technical specification where the visual inspection is the last thing that happens prior to reactor startup. 


Here too, successful adherence to TS 3.2.9.1 results in a properly latched fuel element for which there is 
no credible way to unlatch. 


 







Conclusion 


 


Fully engineered (automatically or otherwise) refueling operations are undesirable. During their 
development they introduce undue risk to the reactor assembly and during – successful – use they do 
not add any more surety than is already provided by TS 3.9.2.1. 


Incremental engineering improvements at the expense of loss of design simplicity do not add any safety 
improvements so long as the refueling process is governed by TS 3.9.2.1. 


 


 






