
 

 
 

UNIVERSITY OF WISCONSIN 
NUCLEAR REACTOR 

LICENSE NO. R-74 
DOCKET NO. 50-156 

 
 
 
 

LICENSE RENEWAL APPLICATION 
  

SAFETY ANALYSIS REPORT,  
AND 

TECHNICAL SPECIFICATIONS 
 
 
 
 

REDACTED VERSION* 
 

SECURITY-RELATED INFORMATION REMOVED 
 
 

*REDACTED TEXT AND FIGURES BLACKED OUR OR DENOTED BY BRACKETS 
 



  

 
       

    
    

     
   

   

            
  

  

             
             

                  
   

                
                 

               
      

              
                  

              
            

         
  
   

     
   

   

           
    

        

  

          

           
  



    

     

   

  

 



   

     

  

     

 



 

            
       

      
     

     
     
       

          
             

           
          

                
      

     
    

     
      

     
         
          

    
       
    

    
    

     
     
    

    
      
       
     

   
     

   
    

    
        
       
     

    

 

    
      

    
   
   

   
      

      
       

 
      

 
  

    
  

   
  

    
  
  
  

   
     

  
    

     
  
  

   
 



               
    

       
        
       
        
     
         

       
        

        
        

      
      

             
     

            
        

      
      

       
     

       
       

        
     

             
       

    
               

     
         

      
       

       
               

    
                

           
     

      
    

       
     

     

     



         
               

 
                  

            
     

             
                 

          
  

      
              

  
      
       

     
    

    
      

        
      
         
        

      
    

       
      
   
   

    

     
  
  

           
   

  
  
  

    
  
  

    
    

  
  

     
      

   
            

      
               

   
            
     

           
        

    
     

     
     
       
        
      

    



      
      

      
    

      
              

      
           

       
       
       
      
         
         

              
      
       

      
      

       
      
      

        
      
    
     
  

             
        

          
             

      
             

        
                

          
     

                
             

         
    

        
           

      
      

       
       
        

    

   



        
     

            
          

      
        
       
     
      

          
      

      
     
        

      
         

     
           

              
           

      
          

      
              

       
           

      
        
             

 
       
      

      
             
     
               
               

   
        
      
         

     
        
      
           

    



       
                
       

              
      

       
      

              
  

       
       

        
         
       

       
       

          
       
         
       
         
         
     
       

       
       
     

       
      
       
       

        
               

          
    
       
       
     

      
       

     
        
      
     
      

     



              

     

    

     

       

     

        

              

                

      

        
       

        

    

          

    

     

      

      

             
          

                

          
        

       

               
   

      

     
               
                

           
 

        
               

  
          

                
         

      
         

      



   
    
          
        
       
        
      

            
        

     
      

       
      
        

     
         

      
      
         

     
       
      

     
    
     

     
        

     
      
     
      
       
     
     

   

         
       
       
        
        
        
    

       



     
       

    

       



  
      

       
      
      

        
     

     
     

       
      
      

       
     

        
         

       
      
       

     
      

      
            

           
  

     
     

     
     

      
     
     

      
       
       
      
        
        
      
        
     

       



      
        
      

      
      
       

     

       
       
         

       
     
      

    
       

      
     

     
      
     

      
      
     

      
    
     

      
       

     
      

      
     

        
        
       
     

      
       

        
        

        
       

       



      
         

      
    

     
         

      
         

      
     
        

        
     
           

  
           
      
     

       
       
      

     
     

      
      

      
     

       
   

      
     

      
      
      

      
     
       
        
     
     

       
      

      



   
       

  

      
     

    
    
    
      
     

       
      
      
     
     

    
     
     
     
     
     
     

       
     
     
   

     
       
       

      
       
      
       
       
     
      
  

 
      

     
  

   

      
       
      

  

      

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  
  

 
  
  
  
  
  

  
  
  
  
  

  
  
  
  
  
  
  
  
 



     
       
        
      

      
       
     
     

          
      

  
       

       
      

     
      
       
     
     
      

        
      
        
       
      

        
    

     
      
     
          

         
       
      
      
      
        

       
       

       
     

     

      



     
       

       

        
       
        
       
      
       
       
        

       
      
    

     
       
      
       
     
      
      

     
     

    
     
    
        

    

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

      
      
     
     

      
    
       
       

             
                

     
      

    
   

    

  
  
  

  

  



     
                  

          
            
              

     

     
          
          
         
     

      
        
        

         
    

        
    

           
      

         
          

     

      



       



  

  

               

              
               

            
             
         

                 
              
      

               
                 
               

              
             

           
     

        

               
                

            
               

                 
                

   

                  
                 

  

              
                   

              
               

              

    



            
           

      

             
                

            
        

                
            

               
                

                 
              

                  
                 
              

  

               
             

               

    

      

   

    

 

     

     

   
    

    



  
 

 

 

   
   

 

 

 

 

  

   

    
   

   
       
     

        

    
     

   
        

          
     

            

            
            

    



      

     



 

 

    

  

  

  

 

 

  

  

    

  
  

  
  

   

  
  

  
  

   
  

   

       

       

       

   

 

    

    

    

    

    

    

    



       
   

     

     

             
             
            

              
              

              
                

     

               
             

               
              

                 
                

              
               
                

         

    

               
 

     

        

      

          

     

    



     

       

       

       

       

         

    

       

    

   

      

            

   

       

     

   

              
          

  

               
                 

   

    



         

                    
               

             
                   

               
               

               
            

       

     

           
                

                  
             

                
                 
             

            

                
            

                
                

                
              

            
               

             
                

              
                

      

               
            

                
               
        

    



                
               

              
               
              

              
      

    



  

    

     

    

            
            

           
           

      

                
              

                
                
                      
                  
              

                   
           

      

                
                   

               
               

        

              
                

               
                 

               
              

            
         

     



 

   
 

     

   

             
               
               

             
                 

               
   

              
             

              
                 

               
                

              

    



     

     



      

    



 

    

    



     

    



     

    



      

    



      

    



  
 

       

    

                 
              

            

               
                   

              
            

                
                  
         

                
                

             
                  
             

         

    

      

  

  

  

  

 



  

                  
                

                
    

             
            

             
               

              
               

              
                

  

       

               
             

                
              
               

              

  

     

              
             
            

                 
                

     

               
               
               

              
             

                
         

    



                   
              

               
                

                

                   
                  

                

   

              
           

            
              

                 

            
             

    

  

               
               

                    
  

  

              
              

                 
                 

               
    

                
                 

                
              
     

    



  
     

    

      
     

   

    

    

    

    

    

    

    

    

    

    

    

    

   



  
      

    

     
   

  

   

   

   

   

   

   

   

   

   

   

   

  



  
      

  

                 
            
               

               
              

    

     
   

  

    

    

    

    

    

  

  

  

  

    

    

   



  
       

              
 
 

             
             

             
             

             
             

             
             

            
             

             
             

             
             

             
             
             
             

            
    

  

             
              
              

            
               

                 
                  

                
                

    

    

 



                 
              
                

              
                

            
               

             
              

                   
                  

                 

   

   

  
   

  

       

    



                  
                 

                 
        

      

   

    
      
      

        
    

      
     

     
     

       

      
    

        

      

       

          

     
     

    
     

    
       

     
     

        

    
      

  

     

    



  

                 
               

                 
              

              
           

  
       

        

  

  

  

  

  

  

  

  

  

  

  

              
                  

                
               

              
                  

    



  
         

    

    

      

      

      

      

      

      

      

    

               
                

               
              

                  

    

               
                

   

                 
               

   

                
     

    



  

             
            
          

       

           
    

             

             
    

         

           
         

           
        

             
        

              
    

          
     

           
    

            
       

           
    

          
      

             
       

     



             
      

          
    

           
   

    



      

   

              
                 

                
            

              
              

               
                

               
                

           

            
               
             

             
              

               
                 

                 
              
            

                
             

                

   

             
             

              
             
              

    



  

              
                

               
             

                
           

   

              
             
                  

               
         

             
                

  

    

                
             

              
              

                 
                

   

            
              
              

  

          
       

    



  

   

  

              
            

        

              
                  

               
                 
                 

   

                
               

                
                 

                
              

    

              
              
              
                    

              
        

                
                

    



        

     



    

  

 

    
    

 

  

  

 

    

  

   

    
  

   

   

 

 

  

  

 

    
      

   
         

     
        

     
     

       

           
             

   

 

   

    



  

  
 

  

 

 

 

 

  

 

 

 

    

  

  

 

 

 

 

   

    

   

  

    
   
  

 

   

       

       

       
 

 

  

    
    

    

    

    

   



   
    

    

  
    

   

   
 

   
   

   
 

   

  
 

    

    

  

 

    

     

    

  

               
          

             

    

             
                 

               
                

                
     

             
               
       

    



 

            
             

                  
                 

             
             

        

               
                

          

  

                
                 

                  
          

                
              

             
                  

           

  

              
                

                
       

                  
               
               

           

   

                
                

              

    



                  
                 

                 
                  

                
                 

                 
               

                 
         

            
             
                

          
            

     

    



  

        
        

      
       

      
        

       
     

      
      

        
    
       
     

   

    



               
                 

              
               

                 
                 

               
              

       

                
              
              

                
               

            

                
               

     

      

       

    

    
 

     

     

                 
              
                 

                  
        

    



    

    



  

  

    



    
   

    
  

   
   

    
   
   
     

     
  

    
    

    
    

  
   

     
   

   
   

    
     

    

    



  

        

      

      
     

       
      
       

     
      
       

        
        
      

    

 

     

                 
                 

                 

    



 

   
  

  
  

  
  
    

  
   

     
   

    
   

 
  

  
    

   
     
    

   
    

   

   

  

   
 

 

 

   

  

          
          
            

            
           

         
 

   

    



  

             
            

            
            

              
          

  
  

    



    

                  
              
                
                 

          

     
    

      
    
      
     

      
     

      
  

       
      

     
     

      
     

       
      

       
     

    

 

   

  

 

   

    

    



   

               
               

              
  

        

    

                
                
                 
                

                
  

    



 

    

    



   

               
                    

               
                

              
             

                  
                 
             

                 
               

       

              
                 

               
               

            
            

              
             

                  
                

                 
         

                 
    

    



    

    



    



  

                 
               

                 
       

          

       
        

        
         

      
       
      

          
          

  

          
     

           
      

         
          

         
        

          
        

           
         

        

         

         
          

           
       

        
          

           
            

              
       

        
                

               
              

    



                  
                  

              
   

               
               
           

                  
                

                 
               

               
               

             
                

                 
               

     

               
                 

               
     

                   
                  

                 
               

    

         

       
      

         
      

                
            

    



                
             

       

               
                
               

              
         

             
        

   

                  
                     

                 
              

        

               
           

              
               
                  

                 

                 
                   

               
                   
                 

                  
              

                   
                  

                  
                   

       

    



    

                 
                  

                 
                

                
            

                
               

                  
               

                   
                
   

                  
                
              

             

       

              
                 

          

              
                

                
            

   

    
     

              
             

  

                 
         
             

     



           
                

       
             

           

              
              
              

              
             
               
                

               
              

                 
               

     

                
              

             
               

     

               
                

             
                
                 

                 
                

               

    



   

                 
                

                
              

              
     

   
     

     
      

      
     

    

     

    



              
             

             
              

S             

                   

      
  

              
     

                  

         

  

  

           

                   

          
           

     

    



               
                 

                
               

                 
            

      

 
 

 

   
  

    

  

     

  

  

  
   

         

              
               

               
              

              
                  

                   
             

    

  



      

       
     
     

       
       

       
        

       
       

        
      

      
        

        
       

      

      
       
         

        
       

       
       

       
    

     

   

   

   

   

  

   

  

     

  
  

 

  
   

   

   

   

   

   

   

 

    



               
       

      

    

  

      

    

   
   

  

       
 

       



   

                 
             

              
               

                 
                 

                
               

                  
              

       

                 
                    

                
        

              

                 
                

                   
                
               

              
       

                 
             

        

                 
                   

               
            

             
                

                
          

                
    

    



             
            

             
               

                 
         

           
  

           
           

        
     

       
      

        

      
        

        
          
          
           

 

      
         

        
          

      
       

        
          
          

               
                 

                
       

              
               
                

    



                
             

                 
                

              
                 

                 
                   

               

            
                

              
               

             
            

           
           

              
                  

              
             

              
             

               
              

               
              

           
               
             

   

    



          

                 
    

     

  
  

  
   

   
   

  

 
   
   
   

  
  

 

    

    



  

   
 
 

    
 
 

 

   
 
 

 

   
 
 

   
 

   
 
 

 

   
 
 

 

   
 
 

 

   

  
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 

 
 

 
 
 
 

 
 
 
 

 
 
 
 

 

 
  

 
 
 

 
 
 
 

 
 
 
 

 
 
 

   
     

 
 
 

 
 
 
 

 
 
 
 

 
 
 

  

 
 

 
 
 
 

 
 
 
 

 
 
 

 
 

 
 
 
 

 
 
 
 

 
 
 

 
 

 
 
 
 

 
 
 
 

 
 
 
 

  

         
    



              
                

                
              

              

     

                                    

         

       
               

              
             

      

      

        

    

    

      

         

             

   

 



           

                 
               

                 
   

     

  
  

  
   

   
   

  

 
   

  
   
   
  

 

     

    



  

  
 
 

  
 
 

 

  
 

 
 

  
 
 

 

  
 
 
 

  
 
 
 

  
 
 

 

  
 
 

 

  
 
 

  
 

 
 
 

 
 
 
 

 
 
 
 

 
 
 

 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 

   
   

 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

 
 
 

   
      
      

  
  

   

 

 

 

 
 
 

 

 
 
 
 

 

 
 

 

 

 
 
 
 

 
 
 

        

    



             

               

      

 

 

         

               
               
            

  

    

    

          

   

   

  

              



              

  
 

   

  
 

  

     
  

          

                  
                 
               
              

  
     

         

    

 

 
 



 

               
               

              
             

       
   

  
   

     
     

      
     

    

   

    



  

  
 
 

  
 
 

 

  
 
 

 

  

  
 
 

 

  
 

  
 
 

 

  
 
 

  
  

 
 
 

 
 
 
 

 
 
 
 

 

 
 
 
 

 
 

 
 
 
 

 
 
 

    
    

       

 
 
 

 
 
 
 

 
 
 
 

 
 

 
 
 
 

 
 

 
 
 
 

 
 
 

  
  
  

   

  

  
  
  
 

 
 
 

      
  

 
  
  

 
 
 

   

   
  

 
 
 
 

 
 
 

  
  
  
  

  
  
  
 

       

    



                
                 

               
                   

   

         

         

    



                 
                

                 
 

  

       

   

                
              

                 
             

       

                 
              

             
             

              
               

               
                 
     

    



 

              
                 

                
               
                

   

   

    
     
     

      
    

       
     

     
     

      
      

     
       
      
      

    
      

     
      
      

    
     

       
     

        
     

     
       

      

  

 

 

 

    

  

  
 

 
   

        
             

      
              
        

    
  

              

  

    

 

         

     

  

                

     

         
   

        

                 
                 

       

  

 

 

     



                
                 

               
                

   

  

        
           

       
       

          
     
                

         
        

           
  

        
      

       
         

           

        

      

         
          

            

    

   

    

  

     

      



 

        
      

      
       

     
    

      
       
        

       
       

     

     
       

         
      

       
      

       
       

        
       

         
       

      
      

       
    

     
      

 

  

     

      

    

       

 

 

  

 

      

     

  



  

                  
            

    
    
      

             
             

  

             
                

         

               
              

                  
       

                
               

                 
       

             
               
     

                 
                

         

                   
               

               
   

                
             

               
           

       



             
        

   

           
               

             
                
             

              
              
                 

                
              

             
                 

               
      

  

                
        

            
    

                
         

               
        

    

             
        

             
        

       



             
     

               
     

              
          

              
     

       



   

   

               
              

            

             
               
             

    

             
               

                     

    

              
                  

                
                  

               
                 

          

                 
                

               
               

                   
               

               
              

              
               
 

    



  

 

 

  
 

 

 

 

 

 

 



      
      

              
               

               
            

                
         

                 
                  

               
                
                  

        

                
                     
                      

                   
                    

               
   

                
                

                  
   

                   
                  

                 
                   

     

            
        

    



  

   
      

   

  

     
     

    
     

                  
 

            
    

     

         

 

  

          
           

                     

   

  

           

  



   

           
                  

                   
                 

    

                 
               

                 
       

      

    

  

  

    



   

   

                
              

              
     

   

  

               
               

                   
                

                   
                  

                 
                

               
                  

                
              

               
  

               
               

                
                

               
              

                
                

  

    



       

                
                

               

              
                 

             
              

                 
 

    



      

              
             

                 
                  

  

                 
               

    



      

    



      

    



       

    



  

       

     

              

  

      

    



    

   

       
              
            
             
               

            
  

              
  

            
              

            

       

            
              

              
               

         

   

         
            
           
         
            

        
              

    
           

    



          

        
            

  

 

  
   

   

       

   

                 
                 

             
                

   

  
                   

                    
                  

              
                  

            
             

    



              
                   

       

    

                   
              

              
              

                 
                   

            

   

             
                

                
             

                
        

  

                
              

             
                
                  

             
                 
    

  

                 
     

                 
                 

             
             

         

    



   

               
               

            
             
    

           
            

       

  

                
             

          

               
                
             

               
               

             
           

    

  

             
               

           
            

             
             

     

  

              
                  

              
                

 

     



  

               
                  
     

                    
                
               

                
                  

              
               

              
                

                 
             

  

                   
                 

                
                 
               

                
            

    



    

    

  

                 
     

           
     

                
              

               
            
          
            

          
               

           
            
            
     

             
  

              
               

    
         

           
           

           



  

               
             

              
         

         

           

      

        

             
           

             
                

        

   

             
                 

               
                 
                

       

              
                 

  

   
               

              
    

   

             
               

                
     

    



                 
                 
            

            
              

               
                  

                
             

          

                
              

       

    

             
               

                  
             

                
           

               
              
               

               
                 

        

              
 

    



 

 

  
        
    

 

 
     

   

      

     

    



   

  

              
               
     

   

     

        

       

     

           

         

      

                
                   

      

             
               

                
                    

           

                 
          

               
                  

     

    



     

      

       

    



      

    

              
                

               
                

         

        

     

      

     

          

          

          

         

        

         

   

      

       

               
       

     

       

      

    



    

            

    

      
             

 

   

     

   

        

        

    

     

               
          

              
             

               
              

                  
            

    

  

             
      

    



       

   
            
      
       

             

                 
                  

                 
                 

                   
                 

               
                  

    

             
             

                 
                
                

                
              

                   
               

                  
               

               
                
              

           
            

               
          

             
                

                
                 

               

    



                
    

                
              

                
                

  

      

    



   

     

               
        

               
                

              
              

              
                

                
            

                
              

           

      

             
             

            
                

         

               
             

            
                 
                

      

               
                 

               
              

                
                

     

    



     

               
                  

               
              

                  
           

                  
                

   

              
               

                
                 

                 
   

     

      

    



  

       

               
         

             
            

              
             

              
              

               
                

    

                 
               

              

                
               

                
                  
              

              
             
                  

  

              
     

 

             
            

                
               

               
             

    



                 
                 

   

                
                  

                
              

               
              

    

       

               

             
                

                  
            

                  
           

                 
                   
              

               
                 
                

                 
                

                
                 
                

                
             

              
               

                
                

               
             

       

    



               
                 

             

                 
               

              
           

   

                  
               

                
                

                  
               

            

                   
                
             
               

               
   

    



 

 

 

 

 

 

 

 
 

 

 
 

 

 
  
 

 
 

 

 
 

 
  
 

  
   

 
 



 
   

   
       

   

                

              
     

       

   

               
  

 
 

   
              

             

            
              

     
              

 

    

  

  

 

 

 

 

 

 

 



  

                 
               

    

               
              

       

       
            

                
              

      

                 
                  
               

  

      

            
              

                 
                

              
              

             
               

              
                 

                
                   

             
                 

                 
               

  

              
             

               
            

    



                
                

             
                 

                   
     

                  
                  

                
                

     

                
               

                
                  
              

                
                  

                 
         

               
                
               
                 
                

         

    



  

       

    



     

                   
                

             
                 

    



                  
                

                
                  

            

      

                
                

                
               
             

  
  

 

             
       

   

            
                  
             

             
             

             
              

              
             

           

             
              

         
    

        
        

                
      

       

    



             
            
              

        

             
         

         

            

    

            

  

   

    



    

   

               
             

             
                

              
                

  

   

  

             
              
                 

               
              

               
             

               
                

          

                 
                    

                  
              

              
  

               
                
         

    



 
 

 

 

 

 



 

                
                
               

                
                  

       

        
        

         
       

      
       

      
          

          
       

      
       

       
          
               
         

       
             
        

                
               

             
               

          

              
               
                 

                
                   
       

    



             
                 

                
                   

               
               

 

    



 

 



 

                
           

            
                 

               
                
              

               
      

               
              

                
                

               
              

              
                 

               
  

              
               
                
              

              
      

                  
               

             
          

                 
                

                  
                 

                     
                

               
                  
                 

    



               
    

   

      

    



              
             

               
                 

              
              

  

                 
              

               
              
                 
                 

                  
                
                    

               
                 

                 
                   

                
                

                 
                

      

                
              

             
              

      

    



  

 

 

    

     



   

     



  

                 
              

            
    

           
                

           
         

        

            
              
              

                
            
                  
               

                
              

               
                

               
             

             
              
               

               
          

             
           
           

           
           

    

             
                

          
            

              
               

    



             
        

              
           

         
              

              
             
                
             

      

  

            
       

           
        

             
   

    



       

             
              

           
             

           
           

       
           

              
               

             
             

     

   

             
               

              
              

              
              

             
             

           

   

    

     
                 

                 
              

              
                
                 
          

    



    

             
            

              
            

                
                 

                    
              

               
                            

                  
            

               
                                 

                 
              

          

              
               

                
               

             
               
             

                
              

          

               
             

                
                 

             
           
               

                 
                 

     



               
               

               
              

              
                 

             
               

              
                

              
              

              
              

             
              

               
              

               
                

             
                
                   

                
               

             
                

                
               

                 
                

            

            
               

                
                  

                
              

            
     

            
            

    



   

               
                 

                
                  

              
             

             
                

              
               
                

     

    

               
                

                   
                    

                 
                  

               
                 

                
               

                   
                  

                 
      

            
           

                 
               
                  

               
              

             
            

               
             

           

    



   

   

            
            

            
                

              

     

           
            

              
           

                
            

    

      

             
           

               
          

             
            

               
              

                  
                 

                
                

           
            
             

   

            
           

    



         
  

               
               
          

  

   

              
              

              
    

    

             
        

     

      

    

              
              
             

          

     

            

                
              
                

              
                 

           

    



 

           
         

 

           

    



   

  

  

            
       

  

    

              
            

              

                
  

             

         

         

            
              

                 
      

           
         

    

             

  

             
             

          

             
           

    



          

   

          

             
  

            
         

           
   

            
          

     

           
    

  

          
            

           
   

              
           

          
            

            
  

         

       

   

    



   
   

   
  

 
   

  

    

   

 
   

    

     

   

 
   

   

    

    

   
  

  



              
           

            
           

             
             

       

            
    

            
         

    

             
      

       

  

       

             

                  
  

         

  

           

             
        

              
    

              
 

    



                 
        

            
        
         
             

  
          

  

      

            
            

                
               
              

               
               

        

          
               

             
             

              
     

   

              
              
             
              

             
             
     

    



    

    

              
               

             
            

     
        
  
     
    
    

               
                

               
     

    

               
              

             
                

            

   

               
               

            

                
 

           

              
  

             
        

    



            
   

             
         

      

             
   

   

             
              

                
                

               

  

                
                

         

            
        

      
          

    
        
      
              

            
               

          
          

                
              

                
          

    



  

        

                
    

               
                

   
                 

          
              

               
          

               
             

  
              

 
             

           
     

            
       

           
            

              
    

             
           

  

               
    

        
               

      
               

    



                 
             

         
          

  

           

                
             
               

   

           
          

             
      

               
          

           
 

           
                

      

               
              

       

              
               
         

       

         
  

      

    



           
      

         
        

         
            

  

           
    

       

          

   

          

         
          

         
       

  

            

        

            

            
              

         

            

                    
            

                 
              

    



              
 

             
   

              
          

        

                  
             

              
           

         

            
             

        
     

                
       

            
  

               
   

  

                    
       

             
               

    
   
        
           

 
     

    



      
       
              

               
   

                
                

    
          
         
       
          

   

               
              

                 
                
                

              
                  
                 

                  

            
              

              
              

                 
            

         

              
               
             

       

   

               
                

    



                
                

                 
             

             
                

               
    

   

                 
               

              
               

               
  

               
              

            
           

                
              

            
             
                

               
                

            
           

               
          

            

            
           

            

    



    

            
              

           
                  
                 

                   
       

   

                   
       

   

                
                

                 
                

        

                
                

                

  
          

         

       

          
   

            
         

             
              
       

    



6. Regulatory Guide 2.5, Revision O-R, :Quality Assurance Program Requirements for 
Research Reactors, October 1977 

7. ANSI- 15.8-1995, "quality assurance program requirements for research reactors", ANS, 
La Grange Park, Illinois, 1995
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13 ACCIDENT ANALYSIS

NUREG -1537' divides accident analysis into initiating and consequences sections. In this report 
the two sections are combined; that is, the analyses of the consequences of accidents are grouped 
with the accident-initiating events and scenarios in order to reduce duplication which would 
otherwise occur. In addition, a better appreciation of the likelihood and consequences of 
accidents is afforded. The sections are numbered to correspond to the numbering system of 
NUREG-1537.  

13.1 Accident-Initiating Events and Scenarios 
13.2 Accident analysis and Determination of Consequences 

NUREG/CR-2387 2 reports an independent study of accidents in TRIGA-type reactors and 
concludes "The only potential for offsite exposure appears to be from a fuel-handling accident 
that, based on highly conservative assumptions, would result in dose equivalents of < 1 mrem to 
the total body from noble gases and •< 1.2 rem to the thyroid from radioiodines." Notwithstanding 
that conclusion, the following sections reiterate the analysis done for a license amendment 
allowing the University of Wisconsin Nuclear Reactor to operate with FLIP or mixed Standard
FLIP cores, using values specific to the UWNR reactor location and characteristics.  

13.1/2.1 Maximum Hypothetical Accident 

The maximum hypothetical accident for UWNR is postulated as damage to a fuel element 
resulting in failure of the fuel cladding. It is postulated that this damage occurs after a very long 
time of operation at 125% of full power (the power level limiting safety system setting) and that 
it occurs in the fuel element with the highest power density possible in permitted UWNR mixed 
core fuel loadings. In a compact 9-Bundle FLIP core the highest power density is 18.1 kW at 
1000 kW; the corresponding number for the 15-bundle FLIP core is 17.2 kW, while the value for 
the currently-used all FLIP core is only 15.2 kW. Continuous operation at the power level scram 
setpoint is highly unlikely, but for this hypothetical computation the power level in the 
maximally exposed fuel element of the 9-bundle core is assumed to be 23 kW (1.25 times 18.1 
kW rounded to the next highest number).  

The likelihood of a major fuel element cladding failure is considered small. The elements must 
meet rigid quality control standards; pool water quality is carefully controlled; and much care is 
taken in handling fuel. Such clad failures are, however, possible and the remainder of this 
section is concerned with the consequences of such a failure.  

The release of radioactivity by corrosion and leaching by the pool water has been measured at 
Gulf General Atomic. About 100 micrograms of U-ZrH per square centimeter of exposed fuel 
surface per day is released for shutdown conditions. This release is easily controlled by isolating 
the leaking element in a container provided for that purpose. The gaseous and highly volatile 
fission products.that have collected in the space between fuel and cladding would be the activity 
contributing to personnel hazards.
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Fission Product Inventory in Fuel Element

The quantity of these volatile and gaseous fission products was determined by the use of Perkins 
and King 3 data. Column B of Table 13.1 indicates the fission product activities in the fuel 
element exposed to the maximum power density.  

Fission Product Release Fraction 

The release of fission products from U-ZRH fuel elements has been extensively studied by Gulf 
General Atomic and others. The results of this work indicate that the release of fission product 
gases into the gap between fuel and cladding is given by the following relationship: 

FR=1.5E-5 + 3.6E3exp(-1.34E4/T) 

where T is the maximum fuel temperature ('K) in the element during normal operation.  

The maximum fuel temperature in a fuel element operated in the steady-state mode at 23 KW 
will be less than 440 'C. Calculations of release fraction however, are based on 600 'C in order 
to assure a conservative result.  

The release fraction corresponding to 600 'C is 7.9 E-4. Applying this fraction to the total 
inventory of the fuel element as given in column B of Table 13.1 gives the released activity as 
shown in column C of the table.  

For the purpose of further calculations, it is assumed that all gaseous fission products are released 
to the room air whether the pool is filled with water or not. For soluble volatiles, calculations 
assume all activity is absorbed in pool water for calculations of pool water activity (column D).  
For calculations of air activity, the assumption is made that 10% of the volatiles escape with the 
pool filled with water (columns E and F) and 100% escape with the pool empty.  

Activity in Pool Water 

If 100% of the soluble fission products are absorbed in the pool water, the resulting activity level 
will be 0.075 [tCi/ml. Within 24 hours the level would be reduced by radioactive decay to about 
0.012 [tCi/ml. After 24 hours the activity decay rate would be chiefly determined by the 1131 
half life (8.05 days). The demineralizer will remove most of this activity, giving a radiation dose 
rate of about 88 mrem/hr at one meter after the activity is deposited in the resins. The resins can 
be dumped to an underground storage-pit or the underground liquid waste holdup tank where the 
activity will decay without hazard to personnel.  

Fission Product Release to Air within the Reactor Laboratory 

Calculations were performed to determine (a) the dose rate due to gamma emitters uniformly 
dispersed throughout the volume of the reactor lab, (b) the dose to the lungs from beta emitters
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for an individual remaining in the laboratory for ten minutes; and (c) the dose to the thyroid of an 
individual remaining in the room ten minutes. For the latter calculations, it is assumed that 10% 
of the iodine radioisotopes escape from the pool water. In addition to these calculations, a 
computation of the number of DAC hours indicates that a person present in the room for 10 
minutes after the release would receive less than the annual limit on intake for occupational 
exposure..  

(a) Whole body exposure due to gamma emitters 

The amount of insoluble volatiles released to the room would be 5.89 Ci. If this activity is 
distributed uniformly in the laboratory volume, the resulting concentration would be 2.95E-3 
gCi/cm3 . The resulting maximum dose rate is calculated to be 60 mrem/hr. An individual 
remaining in the laboratory for 10 minutes after a release would receive a whole body dose of 10 
mrem.  

(b) Dose to the lungs 

The lung is the critical organ when considering the effects of inhaling the insoluble volatiles 
from a ruptured fuel element. The beta emitting nuclides become more important than those 
emitting gamma rays since all the decay energy is absorbed in lung tissue.  

The calculation outlined in the appendix indicates the lung exposure for an individual remaining 
in the laboratory for 10 minutes after a clad rupture to be 1.0 rad.  

(c) Thyroid dose 
The thyroid dose to a person in the reactor room was calculated assuming that he remained in the 

laboratory for 10 minutes after the fission product release. If the pool water is not lost and 10% 
of the halogens released escape into the atmosphere, the concentrations of the various iodine 
isotopes would be as presented in Table 1. In a ten minute period the lungs would be exposed to 
the iodine isotope activities shown in Table 2. As before, it was assumed that the "standard man" 
breathes 1.25 M3/active-hour and his lungs hold 3 liters of air. A conservative calculation results 
in a dose to the thyroid of 18.9 rads.  

Although all doses were calculated based on an individual remaining in the laboratory for ten 
minutes, emergency procedures require immediate evacuation after scramming the reactor, and 
re-entry to the area is made using self-contained breathing apparatus. Actual doses in the event 
of the accident would be a factor of 10 less than calculated, considering reasonable evacuation 
times.
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TABLE 13.1 FISSION PRODUCT RELEASE FROM CLAD RUPTURE
A B 

ISOTOPE SATURATED 
INVENTORY 

(Ci)

Br 82 
83 
84 

'85 
'87 

TOTAL Br 

I '130m 
131 
132 
133 
134 
135 

'136 
TOTAL I 

Kr 83m 
85m 
85 
87 
88 
'89 

TOTAL Kr

30 
105 
194 
253 
600 

200 
563 
855 

1282 
1554 
1185 

' 602 

105 
253 
51 

486 
699 
855

C 
RELEASED 

INVENTORY 
(Ci) 

0.024 
0.083 
0.153 
0.200 
0.473 
0.933 

0.158 
0.446 
0.677 
1.015 
1.230 
0.938 
0.477 
4.941

D E 
AMOUNT IN AMOUNT IN 
WATER (Ci) AIR (Ci)

0.024 
0.083 
0.154 
0.200 
0.475 

0.158 
0.446 
0.677 
1.015 
1.230 
0.938 
0.477

0.084 
0.200 
0.040 
0.386 
0.556 
0.669 
1.935

Xe 131m 5 0.004 
133m 31 0.025 
133 1282 1.015 
135m 350 0.277 
135 1243 0.984 

'137 1185 0.938 
138 894 0.707 

TOTAL Xe 3.950 
'indicates generic <2 hr half-life values used

F 
LABORATORY 

CONCENTRATION 
(PCi/ml)

0.002 
0.008 
0.015 
0.020 
0.047 
0.093 

0.016 
0.045 
0.068 
0.102 
0.123 
0.094 
0.048 
0.494 

0.084 
0.200 
0.040 
0.385 
0.555 
0.669 
1.935 

0.004 
0.025 
1.015 
0.277 
0.984 
0.938 
0.707 
3.950

,

G 
Part 20 

TABLE 1 
DAC 

(gCi/ml)

1.2E-06 
4.2E-06 
7.7E-06 
1.OE-05 
2.4E-05 

7.9E-06 
2.2E-05 
3.4E-05 
5.1E-05 
6.2E-05 
4.7E-05 
2.4E-05 

4.2E-05 
1.01E-04 
2.OE-05 
1.9E-04 
2.8E-04 
3.4E-04 

2.OE-06 
1.6E-05 
5.1E-04 
1.4E-04 
4.9E-04 
4.7E-04 
3.5E-04

H 
CONCENTRATION 

DISCHARGED (pCi/ml)

2E-06 
3E-05 
2E-05 
IE-07 
1E-07 

IE-07 
2E-08 
3E-06 
IE-07 
2E-05 
7E-07 
1E-07 

1E-02 
2E-05 
1E-04 
5E-06 
2E-06 
1E-07 

4E-04 
1E-04 
1E-04 
9E-06 
IE-05 
1E-07 
4E-06

I 
Part 20 TABLE 2 
MAX.EFFLUENT 

CONCENTRATION 
(PCi/ml)

1.30E-10 
4.40E-10 
8.20E-10 
1.07E-09 
2.53E-09 

8.40E-10 
2.38E-09 
3.61E-09 
5.41E-09 
6.56E-09 
5.OOE-09 
2.54E-09 

4.40E-10 
1.07E-08 
2.13E-09 
2.05E-08 
2.95E-08 
3.61E-08 

2.10E-10 
1.33E-09 
5.41E-08 
1.48E-08 
5.25E-08 
5.OOE-08 
3.77E-08

6E-09 
9E-08 
8E-08 
"IE-09 
1E-09 

tE-09 
2E-10 
2E-08 
1E-09 
6E-08 
6E-09 
1E-09 

5E-05 
IE-07 
7E-07 
2E-08 
9E-09 
1E-09 

2E-06 
6E-07 
5E-07 
4E-08 
7E-08 
1E-09 
2E-08

U( Safety Analysis Report Rev.0,4/00

J 
RATIO 

COL. H/I 

0,0217 
0.0049 
0.0103 
1.0700 
2.5300 

0.8400 
11.9000 
0.1805 
5.4100 
0.1093 
0.8333 
2.5400 

0.0000 
0.1070 
0.0030 
1.0250 
3.2778 

36.1000

0.0001 
0.0022 
0.1082 
0.3700 
0.7500 

50.0000 
1.8850 
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Continuation of Table 13.1

SELECTED RELEASE TOTALS 
Halogen Gamma Emitters 5.2 Ci 
Halogen Beta Emitters 5.8 Ci 
Total Halogens 5.87 Ci 
Insoluble Gamma Emitters 3.52 Ci 
Insoluble Beta Emitters 5.50 Ci 
Total Insoluble Volatiles 5.89 Ci
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Release of Fission Products to Unrestricted Areas

Columns H, I, and J of Table 13.1 are concerned with the exposure of personnel outside the 
restricted area. Calculations were performed as indicated in the appendix. The maximum 
concentrations which might be expected in unrestricted areas were calculated under the 
assumption that venting took place in the time required for the ventilation system to make one 
complete change in the laboratory (4238 seconds). Wind velocity was assumed to be the lowest 
average for any month.  

The total dose to personnel in the unrestricted area is independent of whether the large exhaust 
fan or the normal ventilating fan is used; the concentration would be considerably higher if the 
larger fan were used, but the period of exposure would be proportionally shorter. It is also 
emphasized that the total exposure figure is a maximum to be expected at any point other than 
within the areas evacuated in the event of an accidental release.  

The total of the ratios of instantaneous individual concentrations to 1OCFR Part 20 Appendix B 
Table 2 maximum air concentrations for discharge is calculated to be 119.1, where the maximum 
air concentration values are for unrestricted areas, 168 hours per week. When averaged over a 
year's time, the resulting average concentration is 0.016 of the maximum indicated by 10 CFR 
Part 20 for non-occupational exposure in unrestricted areas. Even with the effluent discharge 
from normal operation (see Section 11.1.1) the total concentration to which personnel might be 
exposed is below the 1OCFR Part 20 limits.  

A more conservative calculation which assumes zero stack height (see Appendix A) was 
performed. This analysis is applicable to a situation in which the laboratory ventilation system 
fails and the release takes place through building leaks. For purposes of comparison, it was again 
assumed that the release occurred in the time required for the ventilation system to make an air 
change in the laboratory. The effect of this analysis is to multiply the values in columns H and I 
by a factor of 10.17, giving a resulting average concentration (yearly average) of 0.224 times 
1OCFR Part 20 Appendix B Table 2 limits.  

Finally, an additional calculation was performed assuming 100% release of Br and I and the 
more conservative calculation (zero stack height) of atmospheric dilution. The resulting 
summation of ratio of concentrations to release limit in this case would be 3450. Averaged over a 
year's time, the resulting concentration (yearly average) is 0.655 times the 1OCFR Part 20 
Appendix B Table 2 limits, still within the permissible release concentration when averaged over 
a period of one year.  

As indicated in the table, releases are in all cases less than the 10 CFR Part 20 Appendix B 
Table 2 limits when averaged over one year. As a backup check to assure that these calculations 
were conservative, cases equivalent to MHA were entered into the EPA COMPLY program4at 
level 4. Six of the radioisotopes in Table 13.1 are not in the COMPLY listing of radioisotopes 
(BR-85, Br-87, 1-130m, 1-136, Kr-89, and Xe-137) and are thus not included in the COMPLY 
"results. Further, COMPLY does not permit zero height releases from a building, so the stack 
height was input as 1 meter. For the release with the ventilation system operable and the pool
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filled, COMPLY indicated an annual dose of 1.7E-2 mrem, with 1.4E-2 mrem due to Iodine. For 
the release with pool water lost and the ventilation system inoperable (assumed stack height of 1 
meter) the COMPLY program indicated an annual dose of 0.1 mrem and 0.1 mrem from Iodine.

Table 13.2 
Accident

Maximum Exposures In Unrestricted Areas from Maximum Hypothetical

Assumed Failures Total Body 
Dose

Thyroid 
Dose

Fraction of 
Part 20 
Annual 
Limits

Fuel clad leak with normal operation of 
ventilation system; pool filled 

Fuel clad leak with failure of ventilation 
system; pool filled 

Fuel clad leak with failure of ventilation 
system and concurrent loss of pool water

0.006 rem 0.010 rad 0.016 

0.084 rem 0.102 rad 0.224

0.153 rem 1.019 rad 0.655
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Insertion of Excess Reactivity

The worst case result of insertion of excess reactivity would be insertion of the maximum 
allowed experiment reactivity worth or ejection of the transient rod (1.4% AK/K) while the 
reactor is operating at maximum steady-state power.  

Calculations5 performed by Gulf General Atomic indicate that a peak temperature of 1150 'C in 
FLIP fuel will not produce a stress in the fuel clad in excess of the ultimate yield strength.  
Further, TRIGA fuel with a H/Zr ratio of at least 1.65 has been pulsed to temperatures of about 
1150 'C without any damage to the clad6. In a mixed FLIP-Standard TRIGA core the peak 
temperatures in FLIP fuel are much higher than in standard fuel due to the peaking of the power 
distribution near water gaps. For this reason the subsequent analysis in this section is concerned 
with internal temperatures in FLIP fuel elements.  

A worst case core arrangement is considered, in which a FLIP element is located adjacent to a 3
inch square water gap. The power density in the FLIP element is at the maximum permissible 
value based on consideration of the loss of coolant accident (23 KW when the core is operating at 
1 MW). The core is operating at the power level scram point of 1.25 MW, and the transient 
control rod is fired to initiate a pulse.  

Pulses of 2.1% AK/K fired in standard TRIGA at this facility have had energy releases of less 
than 20 MW seconds. FLIP and mixed cores have been operated with maximum reactivity 
insertions for pulses reduced to 1.4%AK/K because of the shorter prompt neutron lifetime in 
FLIP fueled cores. Typical 1.4% reactivity pulses in an all-FLIP core have energy releases of 
only about 14 MW seconds, while mixed cores have slightly lower releases. Computations will 
be done for 20 MW second release.  

The limitation of experiment reactivity to 1.4% AK/K will insure that reactivity insertions from 
experiment removal or failure will insure that such an accident will result in consequences no 
worse than those considered here.  

Firing the transient rod while at full power is prevented by interlocks and administrative 
requirements. Removal of an experiment while operating at full power would not result in a 
reactivity insertion rate as large as that resulting from firing the transient rod, and the most likely 
result of experiment removal under the conditions assumed would be a reactor scram from power 
level, and fuel temperature trips. Further, experiments having worths approaching 1.4% A K/K 
are fastened to prevent inadvertent removal, and administrative restrictions do not allow such 
manipulations while the reactor is in operation. The predicted conditions establish an upper limit 
for a reactivity accident.  

Fuel Temperatures from Operation at the Scram Point
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Calculations for the SARW of the Puerto Rico Reactor resulted in the information presented in the 

lower curve in Figure 13-1. This curve shows the fuel temperature distribution at the axial 

centerline in a FLIP fuel element operating at conditions of slightly higher power density than 

that assumed here. The Puerto Rico case is an element operating at a power density in the 
maximum element of 1.4 times the average of 22.3 KW/element. The axial peaking factor is 

1.3. Calculations done for UWVNR considered the case of an element operating at 23 KW times 

the ratio of 1.25 of scram setting/licensed power level, with the same axial peaking factor of 1.3.  

Using these numbers, the fuel centerline and average temperatures will be lower in the UWNR 

core, but the temperature at the outer surface of the fuel would be approximately the same in both 

cases.

FU/EL TEtMP /1/ MAX. POWER AENSIrY ELEMENT 8EFREL 

. AFTER A 20 Mw SEC. PUL SE FR) V /. 2M4

K
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0L 
0

AFTER PULSE

I 
YO/0 Z") 30

1 0 
40 50

0 
60 70

8 
8O

-I 
/00

% OF OYT$/IE FrEL RAOINS

Figure 13-1 Fuel Temperature Distribution in a Fuel Element 
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Temperature after Pulse

Firing a pulse while at the scram point would cause the reactor to scram from power level and 
fuel temperature scrams. The entire pulse energy release is used, however, in the following 
analysis.  

The temperature distribution in the fuel element immediately after a 20 MW second pulse is 
plotted as the top curve in Figure 13-1 . The peaking factor within a FLIP element adjacent to a 
3-inch square water-gap is 2.49, and an axial peaking factor of 1.3 is used as in the steady state 
conditions. The energy deposited in the element under consideration is calculated using the same 
peaking factor (power in maximum element/ power in average element in core) which resulted in 
the 23 KW steady state level.  

The maximum adiabatic temperature reached in the element will occur at the outer surface of the 
fuel element adjacent to the water-gap. This maximum temperature would be 1133 C, slightly 
below the safety limit of 1150 C.  

Although such an event is considered highly unlikely, it would not cause fuel damage or release 
of fission products from the reactor.  

After these computations were completed, NRC requested that the accident be re-evaluated for 
the permitted cores under the technical specifications that were proposed for UWNR. The major 
changes were limiting the minimum FLIP content to be 9 fuel bundles (35 elements, since the 
transient rod is located within the 9 central fuel bundles in the UWNR core).  

The re-analysis was based on a lower power in maximally exposed fuel element (18.1 kW 
instead of 22.3 kW) and a limitation of the reactivity insertion from 2.1% AK/K to 1.4%V. First, 
the temperature of the fuel in the maximum element will be lower at the beginning of the pulse 
by about 70'C. Second, the use of a compact array of nine (9) FLIP bundles reduces the possible 
peaking factor within a FLIP element from the 2.49 value used in the original calculation to a 
value of 2.03 for a FLIP element beside the transient rod guide tube (this is the position with 
highest power density in the core.) Finally, reduction of allowable pulsed reactivity insertion 
from 2.1% AK/K to 1.4% AK/K will substantially reduce the energy generation in a pulse, while 
the limitation of experiment worth to 1.4% AK/K will provide similar safeguards for experiment 
failure or removal. Measurements performed on the Puerto Rico Nuclear Center TRIGA-FLIP 
reactor indicated that a pulse insertion of 1.4% AK/K resulted in a maximum fuel temperature 
rise of approximately 400 C 8, and measurements at Wisconsin confirmed that prediction.  

Consideration of all these differences shows a peak fuel temperature of about 450 'C lower than 
that indicated above. It is therefore concluded that fuel damage would occur in neither case, but 
with a much larger safety margin in the more restrictive case considered here.
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Loss of Coolant

Although there is little likelihood of complete loss of water from the reactor pool, an analysis is 
made to demonstrate that such loss will not damage reactor fuel.  

Possible Means of Water Loss 

The pool is contained within the thick reinforced concrete reactor shield which will maintain its 
integrity under the most severe earthquake that would be expected in this area.  

A sheared and open beam port could drain the water level to mid-core height in about 400 
seconds, but water would still be in contact with the fuel and would prevent excessive 
temperatures.  

The 8-inch stainless steel pipes built into the pool walls for possible future use in a forced 
convection cooling system are flange sealed on the outer ends. In addition, one of these pipes has 
a loop and a siphon breaker extending well above the core so that a rupture cannot lower pool 
level below the core. The other pipe is flange sealed inside the pool and penetrates the shield 
wall well above the core. Rupture of either of these lines will not uncover the core.  

Rupture of the piping in the demineralizer could cause only slight water loss due to location of 
the outlet lines from the pool and a check valve at the demineralizer outlet.  

Radiation Levels Due to Unshielded Core 

Calculations of radiation levels at various points in the Reactor Laboratory were made assuming 
operations at 1000 kW for an infinite time. Doses from direct and scattered radiation were 
considered, with the scattered dose calculated for the case of a thick concrete ceiling nine (9) feet 
above the pool. Results of the calculations are given in Table 13-3.  

Table 13.3 Calculated Radiation Dose Rates After Pool Water Is Lost 

Time After Dose at Floor Level Dose at Console Direct Radiation at Pool Top 
Shutdown R/hr R/hr Pool Curb Scattered 

R/hr Radiation 
R/hr 

10 seconds 1.6 2.0 1.0E4 2.6 

1 day 0.17 0.24 1.2E3 0.30 

1 week 0.08 0.12 5.4E2 0.14 

1 month 0.03 0.04 l.4E2 0.04
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These levels are not too high to allow emergency repairs to be made. Facility emergency 
procedures cover the situation of pool water loss.  

Fuel Temperature After Loss bf Pool Water 

Calculations performed at Texas A & M University have treated the loss of coolant accident in 
detail, based on reactor shutdown 15 minutes before the core is uncovered. At Wisconsin, the 
pool level scram would cause automatic shutdown much sooner, as the A & M calculation is 
based on pool drainage by rupture of a 10-inch line. Other pertinent parameters of the two 
facilities are identical. The calculations employed the Gulf computer code TAC for calculation 
of system temperatures.  

The results of these calculations (Pages 25-31 of Texas A & m University Nuclear Science 
Center Amendment 1I to the Safety Analysis Report, November 1, 1972 submitted under Docket 
for License R-83) indicate that for a maximum power density of less than 21 kW/element for 
standard fuel and 23 kW/element for FLIP fuel, loss of coolant water would not result in fuel 
clad failure and release of fission products.  

13.1/2.4 Loss of Coolant Flow 

Not applicable; natural convection cooling 

13.1/2.5 Mishandling or Malfunction of Fuel 

Reference 1 states that this condition produces the maximum consequence to the public. This 
accident is therefore included as the maximum hypothetical accident (Section 13.1/2.1), when 
combined with failure of the ventilation system and loss of pool water. The effect of a fuel clad 
failure with normal pool level and with the ventilation system operating normally has no 
significant effect on the public.  

13.1/2.6 Experiment Malfunction 

Experiment reactivity worth and composition are controlled and limited so that experiment 
failure will not insert a step change in reactivity greater than 1.4% AK/K (fixed experiments; 
movable experiments are limited to 0.7% AK/K. Procedure for experiment review includes 
consideration of chemical and explosive hazards to the reactor. Any experiment containing 
fissionable material is limited so that production of gaseous and volatile fission products results 
in releases lower than that considered in section. Therefore, experiment malfunction will not 
result in consequences more severe than those listed in other parts of this chapter.  

13.1/2.7 Loss of Normal Electrical Power
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Loss of Normal Electrical Power

Loss of normal electrical power will cause the reactor to shut down. It will not result in any 
release of radioactive material or increase the dose to the population. Emergency core cooling 
engineered safety systems are not required. The maximum hypothetical accident analysis does 
include loss of the ventilation system in the analysis, thus effectively including loss of electrical 
power.  

13.1/2.8 External Events 

Since the safety of a TRIGA reactor is so strongly a function of the fuel composition and 
characteristics, none of the usual external event initiators will cause any effect on the public. As 
stated in chapter 2 of this report, floods and hurricanes are an insignificant threat to the safety of 
the reactor (Section 2.4), with the 100 year flood causing nearby Lake Mendota to expand by 
only 30 feet, not threatening the laboratory. Further, should the water level within the room rise 
above ground level it would not affect the safety of the reactor. Tornados do occur in the 
Midwest, but damage to the concrete shield which protects the reactor core is incredible. The 
seismicity of the area is extremely low, with the estimated 50 year peak ground acceleration to a 
seismic event is less than 0.01 g (Section 2.5.4). Since no engineered structures other than the 
reactor shield are required to provide protection to the reactor, such an acceleration will have no 
effect on the reactor. Likewise, though aircraft collisions with the building are not impossible, 
they are unlikely due to the location of flight paths. Further, such impacts will not breach the 
concrete shield at core level. Impacting the outer walls of the building will not result in radiation 
being released.  
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Mishandling or Malfunction of Equipment

An analysis was made of the possibility that loss of water from the reactor or from the 
radioactive liquid waste storage tanks could affect the city water supply, and a negative result 
was obtained as indicated below. Madison obtains its drinking water supply from several wells 
drilled into the Cambrian sandstone described above. The location of these wells is shown on 
Figure 2.10, and they supply the University as well as the city. All of these wells are cased from 
ground level into the sandstone so as to keep out water from the glacial deposit. The closest well 
to the reactor site is about 2,000 feet southeast.  

The Reactor Laboratory floor drain empties into the hold tank. Should the entire contents of the 
pool be let out into the room, however, some water could escape into the sewer system through a 
drain thimble into which waste water is pumped from the hold tank or a similar thimble into 
which blowdown from the cooling tower is directed. There are four methods by which water 
may leave the reactor room: 

(1) by flow pumped from the radioactive waste storage tanks through the elevated 
drain thimble provided for emptying the tanks; 

(2) directly into the drain thimble should the pool be completely ruptured, thus 
reaching a level high enough to overflow into the thimbles or escape from the 
laboratory and enter floor drains in surrounding areas; 

(3) by loss through the floor and into the ground; and 

(4) by rupture of the liquid radioactive waste storage tank directly into the soil 
under the laboratory floor.  

Analysis for cases (1) and (2) 
In so far as the first two discharge paths are concerned, the flow through the 
drain thimble or floor drains empties into a sanitary sewer main. From there it 
would travel through mains via a pumping station to the main sewage plant, 
located south of and outside the corporate limits of the city. From there, the 
sewage travels through mains an additional five miles to the south before it 
empties into an open ditch. On the way, any water from the reactor would become 
considerably diluted since the minimum flow-rate into the ditch is 7,000 gpm 
whereas the probable maximum rate of entry into the floor drain would not be 
more than 10 to 100 gpm. These facts, coupled with the fact that stringent 
administrative precautions will be taken to ensure that water contaminated beyond 
established tolerance levels is not released to the drain, tend to preclude that the 
city water supply could be adversely affected by this method.
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Analysis for case (3) 
The possibility that the city water supply could be affected via the second method 
(2) is also negligible. The base of the reactor is about 8 feet below ground level, 
and water cannot be dissipated via sufface run-off. Since the walls of the building 
surrounding the reactor are made of concrete up to the ground level, significant 
water loss through the floor could result only if the concrete was breached. In 
fact, it would appear that the only mechanism by which contaminated water could 
enter the soil would be the result of an earthquake sufficiently severe to rupture 
both the reactor tank and shield, as well as the floor of the building, at a time 
when the reactor pool water was radioactive beyond tolerance levels. Such a set 
of coincidental occurrences is considered extremely remote. Further, even if it did 
occur, there is no assurance that the water supply would be adversely affected.  
For example, the nearest city well is about 2,000 feet from the reactor site, and it 
has been estimated by a ground water specialist that water would flow through the 
sandstone from the reactor to the well at not more than 0.1 foot per day. Thus, as 
long as 55 years might be required for the reactor water to reach the well.  

Analysis for case (4) 
Should the radioactive waste storage tanks rupture, a similar analysis to that in 
case (3) indicates no adverse effect on the well. Furthermore, the quantities of 
water likely to be lost are small and activities are expected to be low enough that 
no hazard exists.  

13.3 Summary and Conclusions 

None of the accidents considered here will result in consequences to the public health and safety.  
Even the maximum hypothetical accident does not result in releases of radioactivity in excess of 
1 OCFR Part 20 limits when averaged over a year.  
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14 TECHNICAL SPECIFICATIONS

1 INTRODUCTION 

1.1 SCOPE 
This section of the SAR for license renewal of the University of Wisconsin Nuclear Reactor 
constitutes the proposed Technical Specifications for that facility as required by 10 CFR 50.36.  
This document includes "Bases" to support the selection and significance of the specifications.  
The bases are included for information purposes only, and are not part of the Technical 
Specifications in that they do not constitute requirements or limitations which the licensee must 
meet in order to meet the specifications. Dimensions, measurements, and other numerical values 
given in these specifications may differ slightly from actual values due to construction and 
manufacturing tolerances or normal degree of accuracy or of instrument readings.  

These specifications are re-formatted from the technical specifications in force in 1999. Changes 
reflect only changes required by name changes or to include information not in the original 
technical specifications. In addition, certain additions required by NUREG-1537 are included.  
All substantive changes are denoted by redlining. These technical specifications continue to 
include use of TRIGA-FLIP and the original LEU TRIGA fuels, either separately or in mixed 
cores.  

1.2 FORMAT 

Content and section numbering is in accordance with section 1.2.2 of ANSI/ANS 15.1.  

1.3 DEFINITIONS 

The terms used herein are explicitly defined to ensure uniform interpretation of the Technical 
Specifications.  

1.3.1 Reactor Operating Conditions 

COLD CRITICAL: 
The reactor is in the cold critical condition when it is critical with the fuel and bulk water 
temperatures both below 125 'F.  

PULSE MODE (PU) 
Pulse mode operation shall mean any operation of the reactor with the mode selector switch in 

the pulse position.
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REACTOR SECURED: 
The reactor is secured when: 
(1) Either there is insufficient moderator available in the reactor to attain criticality or there is 

insufficient fissile material present in the reactor to attain criticality upon optimum 
available conditions of moderation and reflection, or 

(2). The following conditions exist: 
a. The reactor is shut down, 
b. The console key switch is in the "off" position and the key is removed from the 

console and under the control of a licensed operator or stored in a locked storage area, 
and 

c. No work is in progress involving in-core fuel handling or refueling operations, 
maintenance of the reactor or its control mechanisms, or insertion or withdrawal of in
core experiments with a reactivity worth exceeding 0.7% AK/K.  

REACTOR SHUTDOWN: 
The reactor is shut down when the reactor is subcritical by least 0.7% Ak/k of reactivity.  

REACTOR OPERATION: 
Reactor operation is any condition wherein the reactor is not secured.  

REPORTABLE OCCURRENCE: 
A reportable occurrence is any of the following that occur during reactor operation: 

(1) Operation with any safety system setting less conservative than specified in the 
technical specifications; 

(2) Operation in violation of a Limiting Condition for Operation listed in Section 3; 
(3) Operation with a required reactor or experiment safety system component in an 

inoperative or failed condition which could render the system incapable of 
performing its intended safety function; 

(4) Any unanticipated or uncontrolled change in reactivity greater than 0.7% AK/K, 
excluding reactor trips from a known cause; 

(5) An observed inadequacy in the implementation of either administrative or 
procedural controls, such that the inadequacy could have caused the existence or 
development of a condition which could result in operation of the reactor outside 
the specified safety limits; and 

(6) Abnormal and significant degradation in reactor fuel or cladding which could 
result in exceeding prescribed radiation exposure limits of personnel or 
environment, or both.  

SHUTDOWN MARGIN: 
Shutdown margin shall mean, the minimum shutdown reactivity necessary to provide confidence 
that the reactor can be made subcritical by means of the control and safety systems, starting from 
any permissible operating condition (assuming the most reactive scrammable control element 
and any non-scrammable control elements remain full out), and the reactor will remain 
subcritical without further operator action.
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SQUARE WAVE MODE (SW) 
Square wave mode operation shall mean any operation of the reactor with the mode selector 
switch in the square wave position.  

STEADY STATE MODE (SS) 
Steady state mode operation shall mean operation of the reactor with the mode selector switch in 
the manual or automatic positions.  

1.3.2 Reactor Experiments and Irradiation 

EXPERIMENT: 
Experiment shall mean 

(1) any apparatus, device or material which is not a normal part of the reactor core or 
experimental facility, or 

(2) any activity external to the biological shield using a beam of radiation emanating 
from the reactor core ,or 

(3) any operation designed to measure reactor parameters or characteristics, or any 
activity external to the biological shield using a beam of radiation emanating from 
the reactor core: 

Classification of experiments shall be: 
(1) Routine experiments. Routine experiments are those which have previously been 

performed at the facility.  

(2) Modified routine experiments. Modified routine experiments are those which 
have not been performed previously but are similar to the routine experiments in 
that the hazards are neither greater nor significantly different than those for the 
corresponding routine experiments.  

(3) Special experiments. Special experiments are those which are not routine or 
modified experiments.  

EXPERIMENTAL FACILITIES: 
Experimental facilities shall mean beam ports, including extension tubes with shields, thermal 
columns with shields, vertical tubes, through tubes, in-core irradiation baskets, irradiation cell, 
pneumatic transfer systems and any other in-pool irradiation facilities.  

IRRADIATION: 
Irradiation shall mean the insertion of any device or material that is not a normal part of the core 
or experimental facilities into an experimental facility so that the device or material is exposed to 
a significant amount of the radiation available in that irradiation facility.
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SECURED EXPERIMENT: 
A secured experiment shall mean any experiment that is held firmly in place by a mechanical 
device or by gravity, that is not readily removable from the reactor, and that requires one of the 
following actions to permit removal: 

(1) removal of mechanical fasteners 
(2) use of underwater handling tools 
(3) moving of shield blocks or beam port containers.  

1.3.3 Reactor Components 

CORE LATTICE POSITION: 
A core lattice position is that region in the core (approximately 3" by 3") over a grid hole. It may 
be occupied by a fuel bundle, an experiment or experimental facility, or a reflector element.  

FUEL BUNDLE: 
A fuel bundle is a cluster of three or four fuel elements secured in a square array by a top handle 
and a bottom grid plate adaptor.  

FUEL ELEMENT: 
A fuel element is a single TRIGA fuel rod of either standard or FLIP type.  

FLIP CORE: 
A FLIP core is an arrangement of TRIGA-FLIP fuel in the reactor grid plate.  

FLIP FUEL: 
FLIP fuel is TRIGA fuel that contains a nominal 8.5 weight percent of uranium with a 135U 

enrichment of about 70% and erbium as burnable poison.  

INSTRUMENTED ELEMENT: 
An instrumented element is a special fuel element in which thermocouples are embedded for the 
purpose of measuring fuel temperatures during reactor operation.  

MIXED CORE: 
A mixed core is an arrangement of standard TRIGA fuel elements and FLIP fuel elements with at 
least 35 TRIGA-FLIP fuel elements located in a central region of the core.  

OPERATIONAL CORE: 
An operational core may be a standard core, mixed core, or FLIP core for which the core 
parameters of shutdown margin, fuel temperature, power calibration, and maximum allowable 
reactivity insertion have been determined to satisfy the requirements of the Technical 
Specifications.  

REGULATING BLADE:
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The regulating blade is a low worth control blade that need not have scram capability. Its 
position may be varied manually or by the servo-controller.  

SHIM-SAFETY BLADE: 
A shim-safety blade is a control blade having an electric motor drive and scram capabilities. Its 
position may be varied manually or by the servo-controller.  

STANDARD TRIGA FUEL: 
Standard TRIGA fuel is TRIGA fuel that contains a nominal 8.5 weight percent of uranium with 
a 235U enrichment of less than 20% and no burnable poison.  

STANDARD CORE: 
A standard core is an arrangement of standard TRIGA fuel in the reactor grid plate.  

TRANSIENT ROD: 
The transient rod is a control rod with scram capabilities that can be rapidly ejected from the 
reactor core to produce a pulse. Its position may be varied manually or by the servo-controller.  
It may have a voided or solid aluminum follower.  

1.3.4 Reactor Instrumentation: 

CHANNEL CALIBRATION: 
A channel calibration consists of comparing a measured value from the measuring channel with a 
corresponding known value of the parameter so that the measuring channel output can be 
"adjusted to respond with acceptable accuracy to known values of the measured variable.  

CHANNEL CHECK: 
A channel check is a qualitative verification of acceptable performance by observation of channel 
behavior.  

CHANNEL TEST: 
A channel test is the introduction of a signal into the channel to verify that it is operable.  

EXPERIMENT SAFETY SYSTEMS: 
Experiment safety systems are those systems, including their associated input circuits, which are 
designed to initiate a scram for the primary purpose of protecting an experiment or to provide 
information which requires manual protective action to be initiated.  

LIMITING SAFETY SYSTEM SETTINGS: 
Limiting safety system settings are settings for automatic protective devices related to those 
variables having significant safety functions.
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MEASURED VALUE: 
The measured value is the magnitude of that variable as it appears on the output of a measuring 
channel.  

MEASURING CHANNEL: 
A measuring channel is the combination of sensor, interconnecting cables or lines, amplifiers, 
and output device which are connected for the purpose of measuring the value of a variable.  

OPERABLE: 
A system, device, or component shall be considered operable when it is capable of performing its 
intended functions in a normal manner.  

REACTOR SAFETY SYSTEMS: 
Reactor safety systems are those systems, including their associated input circuits, which are 
designed to initiate a reactor scram for the primary purpose of protecting the reactor or to provide 
information which requires manual protective action to be initiated.  

SAFETY CHANNEL: 
A safety channel is a measuring channel in the reactor safety system.  

SAFETY LIMITS: 
Safety limits are limits on important process variables which are found to be necessary to 
reasonably protect the integrity of certain of the physical barriers which guard against the 
uncontrolled release of radioactivity.  

2 SAFETY LIMITS AND LIMITING SAFETY SYSTEM SETTINGS 

2.1 Safety Limits 

Applicability 
This specification applies to fuel element temperature and steady-state reactor power level.  

Objective 
The objective is to define the maximum fuel element temperature and reactor power level that 
can be permitted with confidence that no fuel element cladding failure will result.  

Specifications 

(1) The temperature in a TRIGA-FLIP fuel element shall not exceed 1150 0 C under any 
conditions of operation.
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(2) The temperature of a standard TRIGA fuel element shall not exceed 10000 C under any 
conditions of operation.  

(3) The reactor steady-state power level shall not exceed 1500 kW under any conditions of 
operation.  

Bases 
A loss of integrity of the fuel element cladding could arise from a buildup of excessive pressure 
between the fuel moderator and the cladding if the fuel temperature exceeds the safety limit. The 
pressure is caused by air, fission product gases, and hydrogen from dissociation of the fuel 
moderator. The magnitude of this pressure is determined by the fuel moderator temperature and 
the ratio of hydrogen to zirconium in the alloy.  

The safety limit for the TRIGA-FLIP fuel element is based on data which indicate that the stress 
in the cladding due to hydrogen pressure from the dissociation of zirconium hydride will remain 
below the ultimate stress provided the temperature does not exceed 1150°C and the fuel cladding 
is water cooled 

The safety limit for the standard TRIGA fuel is based on data including the large amount of 
experimental evidence obtained during high performance reactor tests of this fuel. These data 
indicate that the stress in the cladding (due to hydrogen pressure from the dissociation of 
zirconium hydride) will remain below the ultimate stress provided that the temperature of the 
fuel does not exceed 1000°C and the fuel cladding is water cooled 2 

It has been shown by experience that operation of TRIGA reactors at a power level of 1500 kW 
will not result in damage to the fuel. Several reactors of this type have operated successfully for 
several years at power levels up to 1500kW. It has been shown by analysis and by measurements 
on other TRIGA reactors that a power level of 1500 kW corresponds to a peak fuel temperature 
of approximately 600'C. Thus a Safety Limit on power level of 1500 kW provides an ample 
margin of safety for operation.
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2.2 Limiting Safety System Settings

Applicability 
This specification applies to the scram setting which prevents the safety limit from being 
reached.  

Objective 
The objective is to prevent the safety limits from being reached.  

Specifications 
(1) The limiting safety system setting for fuel temperature shall be 400'C (750'F) as 

measured in an instrumented fuel element. For a mixed core, the instrumented element 
shall be located in the region of the core containing FLIP type elements.  

(2) The limiting safety system setting for reactor power level shall be 1.25 MW.  

Bases: 
The limiting safety system setting is a temperature which, if exceeded, shall cause a reactor 
scram to be initiated preventing the safety limit from being exceeded. A setting of 400'C 
provides a safety margin of 750'C for FLIP type fuel elements and a margin of 600'C for 
standard TRIGA fuel elements. A part of the safety margin is used to account for the difference 
between the true and measured temperatures resulting from the actual location of the 
thermocouple. If the thermocouple element is located in the hottest position in the core, the 
difference between the true and measured temperatures will be only a few degrees since the 
thermocouple junction is at the mid-plane of the element and close to the anticipated hot spot. If 
the thermocouple element is located in a region of lower temperature, such as on the periphery of 
the core, the measured temperature will differ by a greater amount from that actually occurring at 
the core hot spot. Calculations and measurements made at the facility with all permitted mixed 
core arrangements indicate that, for this case, the true temperature at the hottest location in the 
core will differ from the measured temperature by no more than a factor of two. Thus, when the 
temperature in the thermocouple elements reaches the trip setting of 4000 C, the true temperature 
at the hottest location would be no greater than 800'C providing a margin to the safety limit of at 
least 200'C for standard fuel elements and 350'C for FLIP type elements. These margins are 
ample to account for the remaining uncertainty in the accuracy of the fuel temperature 
measurement channel and any overshoot in reactor power resulting from a reactor transient 
during steady state mode operation. For a mixed core (i.e., one containing both standard and 
FLIP type elements), the requirement that the instrumented element be located in the FLIP region 
of the core provides an even greater margin of safety since the peak to average power ratio within 
that region will be smaller than over an entire core composed of elements of the same type.  

Calculations and measurements for this and similar TRIGA reactors indicate at 1.25 MW, the 
peak fuel temperature in the most limiting core loading permitted under section 3 of these 
specifications (9 FLIP bundles) will be less than 600'C so that the limiting power level setting 
provides an ample safety margin to accommodate errors in power level measurement and 
anticipated operational transients.
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In the pulse mode of operation, the same limiting safety system settings will apply. However, the 
power level channels do not provide protection in pulse mode, and the temperature channel will 
have no effect on limiting the peak powers generated because of its relatively long time constant 
(seconds) as compared with the width of the pulse (milliseconds). The limit on transient rod 
worth in another specification limits the generated power so that fuel temperatures reached in a 
transient are smaller than those from full power operation. This transient rod worth limit is less 
than the reactivity required for steady-state full power. If the transient rod fails to automatically 
drop after the pulse, fuel temperature reached due to energy generation in the tail of a pulse will 
be less than that at full power. Only in the case of operation outside the permitted parameters of 
core composition and reactivity limitations would fuel temperature safety system actuation be 
needed to provide protection in any operating mode.  

3 LIMITING CONDITIONS FOR OPERATION 

3.1 Reactor Core Parameters 

Applicability 
These specifications apply to the reactivity condition of the reactor and the reactivity worths of 
control rods. They apply for all modes of operation.  

Objective 
The objective is to assure that the reactor can be shut down at all times and to assure that the fuel 
temperature safety limit will not be exceeded.  

3.1.1 Excess Reactivity 

Specifications: 
The excess reactivity shall not exceed 5.6% Ak/k.  

Bases 
As shown in chapter 4 of the SAR, this amount of excess reactivity will provide the capability to 
operate the reactor at full power with experiments in place. The primary limitation providing 
reactivity safety, however, is the shutdown margin requirement discussed in the next 
specification.  

3.1.2 Shutdown Margin 

Specifications 
The reactor shall not be operated unless the shutdown margin provided by control rods shall be 
greater than 0.2% Ak/k with: 

(1) the highest worth non-secured experiment in its most reactive state,
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(2) the highest worth control rod and the regulating blade (if not scrammable) fully 
withdrawn, and 

(3) the reactor in the cold condition without xenon.  

Bases 
The value of the shutdown margin assures that the reactor can be shut down from any operating 
condition even if the highest worth control rod should remain in the fully withdrawn position. If 
the regulating blade is not scrammable, its worth is not used in determining the shutdown 
reactivity.  

3.1.3 Pulse Limits 

Specifications 
(1) The reactivity to be inserted for pulse operation shall be determined and mechanically 

limited such that the reactivity insertion will not exceed 1.4% Ak/k.  
(2) Pulses shall not be initiated at power levels exceeding 1 kilowatt.  

Basis 
Measurements performed on the Puerto Rico Nuclear Center TRIGA-FLIP reactor indicated that 
a pulse insertion of reactivity of 1.4% A k/k resulted in a maximum temperature rise of 
approximately 400'C. With an ambient water temperature of approximately 100°C, the 
maximum fuel temperature would be approximately 500'C resulting in a safety margin of 500'C 
for standard fuel and 650'C for FLIP type fuel. Tests done on the mixed and all-FLIP cores 3,4,5,6 

indicate that the fuel temperatures measured and calculated for the core arrangements allowed by 
these specifications do not exceed 683 °C in the worst case allowed.  

The temperature rise from pulse initiation is in addition to the temperature in the fuel at the time 
the pulse is initiated. Limiting the initial power level to 1 kW assures that excessive 
temperatures will not be reached.  

These margins allow amply for uncertainties due to the accuracy of measurement or location of 
the instrumented fuel element or due to the extrapolation of data from the PRNC reactor.  

3.1.4 Core Configurations 

Applicability 
This specification applies to the configuration of fuel and in-core experiments.  

Objective 
The objective is to assure that provisions are made to restrict the arrangement of fuel elements 
and experiments so as to provide assurance that excessive power densities will not be produced.
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Specifications 
(1) The core shall be an arrangement of TRIGA uranium-zirconium hydride fuel-moderator 

bundles positioned in the reactor grid plate.  

(2) The TRIGA core assembly may be standard, FLIP, or a combination, thereof (mixed 
core) provided that any FLIP fuel be comprised of at least thirty-five (35) fuel elements, 
located in a contiguous, central region.  

(3) The reactor shall not be operated with a core lattice position vacant except for positions 
on the periphery of the core assembly.  

(4) The reflector, excluding experiments and experimental facilities, shall be water or a 
combination of graphite and water.  

(5) Fuel shall not be inserted or removed from the core unless the reactor is subcritical by 
more than the calculated worth of the most reactive fuel assembly.  

(6) Control elements shall not be manually removed from the core unless the core has been 
shown to be subcritical with all control elements in the full out position.  

Bases 

(1) Standard TRIGA cores have been in use for years and their characteristics are well 
documented. The Puerto Rico Nuclear Center and the Gulf Mark III all-FLIP cores have 
operated and their characteristics are available. Gulf has also performed a series of 
experiments using standard and Flip fuel in mixed cores and a mixed core has been used 
successfully in the Texas A&M University TRIGA reactor. In addition, studies 
performed at Wisconsin for a variety of mixed core arrangements indicate that such cores 
with mixed loadings would safely satisfy all operational requirements (SAR Chapters 4 
and 6).  

(2) In mixed cores, it is necessary to arrange FLIP elements in a contiguous, central region of 
the core to control flux peaking and power generation peak values in individual elements.  

(3) Vacant core lattice positions will contain experiments or an experimental facility to 
prevent accidental fuel additions to the reactor core. They will be permitted only on the 
periphery of the core to prevent power perturbations in regions of high power density.  

(4) The core will be assembled in the reactor grid plate which is located in a pool of light 
water. Water in combination with graphite reflectors can be used for neutron economy 
and the enhancement of experimental facility radiation requirements.  

(5),(6) Manual manipulation of core components will be allowed only when a single 
manipulation can not result in inadvertent criticality.
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3.1.5 Reactivity Coefficients

Does not apply to TRIGA and TRIGA-FLIP reactors.  

3.1.6 Fuel Parameters 

Applicability 
This specification applies to the dimensional and structural integrity of the fuel elements.  

Objective 
The objective is to assure that the reactor will not be operated with defective fuel elements 
installed.  

Specifications 
The reactor shall not be operated with damaged fuel except for purposes of identifying the 
damaged fuel. A fuel element shall be considered damaged and must be removed from the core 
if: 

(1) In measuring the transverse bend, its sagitta7 exceeds 0.125 inch over the length of the 
cladding; 

(2) In measuring the elongation, its length of the cladding exceeds its original length by 

0.125 inch; and 

(3) A clad defect exists as indicated by detection of release of fission products.  

(4) The fuel has not been visually inspected within the previous 15 months.  

(5) The burnup of uranium-235 in the UzrH fuel matrix shall not exceed 50 percent of the 
initial concentration.8' 9 

Basis 
The limit of transverse bend has been shown to result in no difficulty in disassembling the core.  
Analysis of the removal of heat from touching fuel elements shows that there will be no hot spots 
resulting in damage to the fuel caused by this touching. Experience with TRIGA reactors has 
shown that fuel element bowing that could result in touching has occurred without deleterious 
effects. The elongation limit has been specified to assure that the cladding material will not be 
subjected to stresses that could cause a loss of integrity in the fuel containment and to assure 
adequate coolant flow through the top grid plate.  

3.2 Reactor Control and Safety Systems 

3.2.1 Operable Control Rods
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Applicability 
This specification applies to the number of operable control elements that must exist in order to 
operate the reactor.  

Objective 
The objective of this requirement is to insure that the reactor may be shut down from any 
condition of operation.  

Specification 
The reactor shall not be operated unless at least three control elements are functioning and 
scrammable.  

Basis: In most cores the limits on shutdown margin actually dictate the number of operable 
control elements required. Non-pulsing cores do not require presence of a transient control rod if 
the shutdown margin requirements are met by the control blades.  

3.2.2 Reactivity Insertion Rates (Scram time) 

Applicability: 
This specification applies to the time required for the scrammable control elements to be fully 
inserted from the instant that a safety channel variable reaches the Safety System Setting.  

Objective 
The objective is to achieve prompt shutdown of the reactor to prevent fuel damage.  

Specification 
The scram time measured from the instant a simulated signal reaches the value of the LSSS to 
the instant that the slowest scrammable control element reaches its fully inserted position shall 
not exceed 2 seconds.  

Basis 
This specification assures that the reactor will be promptly shut down when a scram signal is 
initiated. Experience and analysis have indicated that for the range of transients anticipated for a 
TRIGA reactor, the specified scram time is adequate to assure the safety of the reactor.  

3.2.3 Other Pulsed Operation Limitations 

Limitations other than those on core configuration and pulsed reactivity insertion limits are not 
required on this reactor.  

3.2.4 Reactor Safety System 

Applicability 
This specification applies to the reactor safety system channels.
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Objective 
The objective is to specify the minimum number of reactor safety channels that must be operable 
for safe operation.  

Specification 
The reactor shall not be operated unless the safety channels described in Table 3.2.4 are operable.  

TABLE 3.2.4 Reactor Safety System Channels 
Number operable 
in specified mode 

Safety Channel Setpoint and Function SS SW PU 

(1) Fuel Temperature Scram if fuel temperature exceeds >400'C in 1 I 1 
the fuel temperature safety channel. In the 
event of loss of all available fuel 
thermocouples and inability to obtain a 
replacement instrumented fuel element, 
operation may continue in any operational core 
if the linear power level scram points are 
reduced to 110% full power.  

(2) Linear Power Level Scram if power > 125% full power 2 2 

(3) Manual Scram Manually initiated scram 1 1 1 
(4) Preset Timer Transient rod scram 15 seconds or less after - 1 

pulse 

(5) Reactor water level Scram if < 19 feet above top of core 1 1 1 

(6) High Voltage Monitor Scram on loss of high voltage to neutron and 1 1 1 
gamma ray power level instrument detectors 

Bases 

(1) and (2)The fuel temperature and power scrams provide protection to ensure that the reactor is 
shut down before the safety limit on fuel temperature is reached.  

The exception is required because FLIP fuel is no longer manufactured. If a core has been tested 
to meet the definition of an operational core the power level scrams provide adequate protection 
to assure the LCO of fuel temperature is not exceeded.  

(3) The manual scram allows the operator a means of rapid shutdown in the event of unsafe or 
abnormal con'ditions.
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(4) The preset timer assures reduction of reactor power to a low level after a pulse.  

(5) The reactor pool water level scram assures shutdown of the reactor in the event of a serious 
leak in the primary system or pool.  

(6) The high voltage monitor prevents operation of the reactor with other systems inoperable due 

to failure of the detector high voltage supplies.  

3.2.5 Interlocks 

Applicability 
This section applies to the interlocks which inhibit or prevent control element withdrawal or 
reactor startup.  

Objective 
The objective of these interlocks is to prevent operation under unanalyzed or imprudent 
conditions.  

Specifications 
The reactor shall not be operated in the indicated modes unless the interlocks in Table 3.2.5 are 
operable.  

Table 3.2.5 Interlocks 
Number operable 
in s ecified mode 

Channel Setpoint and Function SS SW PU 

Log Count Rate Prevent control element withdrawal when 1 1 1 
neutron count rate < 2 per second 

Transient Rod Control Prevent application of air unless drive is at IN 1 0 0 
limit.  

Log N Power Level Prevent firing transient rod when power level 1 1 1 
is above 1 kW and transient rod is not full in.  

Pulse Mode Control Prevents withdrawal of control blades while in 0 0 1 
pulse mode.

Bases 

The Log count rate interlock does not allow control element withdrawal unless the neutron count 
rate is high enough to assure proper instrument response during reactor startup.
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The Transient Rod Control interlock prevents inadvertent addition of excessive amounts or 
reactivity in steady-state modes.  

The Log N interlock prevents firing of the transient rod at power levels above 1.0 kW if the 
transient rod drive is not in the full down position. This effectively prevents inadvertent pulses 
which might cause fuel temperature to exceed the safety limit on fuel temperature.  

The pulse mode control blade withdrawal interlock prevents reactivity addition in pulse mode 
other than by firing the transient rod.  

3.2.6 Backup Shutdown Mechanisms 

Backup shutdown mechanisms are not required for this reactor.  

3.2.7 Bypassing Channels 

Applicability 
This specification applies to the interlocks in Table 3.2.5.  

1 Objective 
I The objective is to indicate the conditions in which an interlock may be bypassed.  

Specification 
The Log Count Rate interlock in Table 3.2.5 may be bypassed 

1. During fuel loading in order to allow control element withdrawal necessary for the 
fuel loading procedure or 

2. when Log Power Level and Linear Power Level channels are on-scale.  

Bases 
During early stages of fuel loading the count-rate on the source range channel will be below the 
interlock setpoint. The bypass allows control element movements necessary for loading fuel 
with control elements partially withdrawn and for performing inverse multiplication 
determinations of control element worth and core reactivity status. Once the other power 
indications are available the startup count rate channel is no longer required, so the interlock no 
longer serves any purpose.  

3.2.8 Control Systems and Instrumentation Required for Operation 

Applicability 
This specification applies to the information which must be available to the reactor operator 
during reactor operation.  

Objective:
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The objective is to require that sufficient information is available to the operator to assure safe 
operation of the reactor.  

Specification 
The reactor shall not be operated unless measuring channels listed in Table 3.2.8 are operable.

Channel

Table 3.2.8 Instrumentation and Controls Required for Operation 
Number operable 
in specified mode 

Function SS
SW PU

Fuel Temperature Input for fuel temperature scram. In the event of 1 1 1 
loss of all available fuel thermocouples and 
inability to obtain a replacement operation may 
continue in any operational core.  

Linear Power Level Input for safety system power level scram 2 2 0 

Log Power Level Wide range power indication, permissive for 1 1 0 
initiation of Pulse Mode 

Startup Log Count Rate Wide range power indication, permissive for 1* 1* 0 
control element withdrawal 

Pulsing Power Level Pulse power level indication 0 0 1 

• Required during startup only until the Log Power Level and Linear Power Level channels are 
on-scale 

Bases 
Fuel temperature indicated at the control console gives continuous information on the process 
variable which has a specified safety limit. The exception is required because FLIP fuel is no 
longer manufactured. If a core has been tested to meet the definition of an operational core the 
power level scrams provide adequate protection to assure the LCO of fuel temperature is not 
exceeded.  

The power level monitors assure that reactor power level is adequately monitored for all modes 
of operation.
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3.3 REACTOR POOL WATER SYSTEMS

Applicability 
This specification applies to the pool containing the reactor and to the cooling of the core by the 
pool water.  

Objective 
The objective is to assure that coolant water shall be available to provide adequate cooling of the 
reactor core and adequate radiation shielding and to prevent damage to in-pool components by 
corrosion.  

Specifications 

a. The reactor core shall be cooled by natural convective water flow.  

b. The pool water inlet pipe to the demineralizer shall not extend more than 15 feet into the 
top of the reactor pool when fuel is in the core. The outlet pipe from the demineralizer 
shall be equipped with a check valve and siphon breaker to prevent inadvertent draining 
of the pool.  

c. Diffuser and other auxiliary systems pumps shall be located no more than 15 feet below 
the top of the reactor pool.  

(4) All other piping and pneumatic tube systems entering the pool shall have siphon breakers 
and valves or blind flanges which will prevent draining more than 15 feet of water from 
the pool.  

(5) A pool level alarm shall indicate loss of coolant if the pool level drops one foot or less 
below normal level..  

(6) The reactor shall not be operated if the conductivity of the pool water exceeds 5 
micromhos/cm (<0.2 MegOhm-cm) when averaged over a period of one week.  

(7) The reactor shall not be operated if the radioactivity of pool water exceeds the limits of 
1 OCFR Part 20 Appendix B Table 3 for radioisotopes with half-lives >24 hours.  

Bases 

(1) This specification is based on thermal and hydraulic calculations which show that 
the TRIGA-FLIP core can operate in a safe manner at power levels up to 2,700 kW 
with natural convection flow of the coolant water. A comparison of operation of 
the TRIGA-FLIP and standard TRIGA Mark III has shown operation to be safe for
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the above power level. Thermal and hydraulic characteristics of mixed cores are 
essentially the same as that for TRIGA-FLIP and standard cores.  

(2) The inlet pipe to the demineralizer is positioned so that a siphon action will drain 
less than 15 feet of water. The outlet pipe from the demineralizer discharges into a 
pipe entering the bottom of the pool through a check valve prevents leakage from 
the pool by reverse flow from pipe ruptures or improper operation of the 
demineralizer valve manifold. In addition, the pipe is has a loop equipped with a 
siphon breaker which prevents loss of pool water.  

(3) In the event of pipe failure and siphoning of pool water, the pool water level will 
drop no more than 15 feet from the top of the pool.  

(4) Other pipes which enter the pool have siphon breakers which prevent pool 
drainage. Valves are provided for pneumatic tube system lines and primary 
cooling system pipe. Other piping installed in the pool has blind flanges 
permanently installed.  

(5) Loss of coolant alarm, after one foot of loss, requires corrective action. This alarm 
is observed in the reactor control room and outside the reactor building.  

(6) The conductivity limit assures that materials within the pool will not be degraded 
and that the radioactivity of the pool water will be minimized.  

(7) Analyses in section 12.2.9 of the Safety Analysis Report show that limiting the 
activity to this level will not result in any person being exposed to concentrations 
greater than those permitted by 1 OCFR Part 20.  

3.4 Containment or Confinement 

Applicability 
These specifications apply to the room housing the reactor and the ventilation system controlling 
that room.  

Objective 
The objective is to provide restrictions on release of airborne radioactive materials to the 
environs.  

Specifications 
(1) The reactor shall be housed in a closed room designed to restrict leakage. The minimum 

free volume shall be 2,000 cubic meters.  

(2) All air or other gas exhausted from the reactor room and associated experimental facilities 
shall be released to the environment a minimum of 17 meters above ground level.
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Bases 
Calculations in Chapter 13 of the Safety Analysis Report show that exposure of occupants of the 
Laboratory can be kept below 10 CFR part 20 limits for occupational exposure under accident 
conditions if the room volume is 2,000 M3. Calculations in Chapter 13 of the SAR based on 
release of radioactive effluent at ground level show that concentrations of radioactive materials 
are within limits of 10 CFR Part 20 for non-restricted areas during the accidents considered.  
Further calculations based on release at the stack height show a further reduction by a factor of 
10 due to operation of the ventilation system and release of effluent at a height of 17m.  

3.5 Ventilation Systems 

Applicability.  
This specification applies to the operation of the reactor laboratory ventilation system.  

Objective 
The objective is to assure that the ventilation system is in operation to mitigate the consequences 
of the possible release of radioactive materials resulting from reactor operation.  

Specification.  
The reactor shall not be operated unless the laboratory ventilation system is in operation, except 
for periods of time not to exceed two days, to permit repairs of the system.  

Bases 

It is shown in the SAR Chapter 11 that Argon-41 release at zero stack height results in 
concentrations less than the concentrations permitted for non-restricted areas. Further, the 
calculations indicate that operation of the ventilation system reduces the concentration to which 
the public would be exposed by a factor of 10 below this limit. Exposures in the event of a fuel 
element cladding leak are also calculated based on non-operation of the ventilation system.  
Therefore, operation of the reactor with the ventilation system shut down in order to make repairs 
assures the degree of control on which the calculations are based.  

3.6 Emergency Power 

Emergency power systems are not required for this facility.  

3.7 Radiation Monitoring Systems and Effluents 

3.7.1 Monitoring Systems 

Applicability
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This specification applies to the radiation monitoring information which must be available to the 
reactor operator during reactor operation.  

Objective 
The objective is to assure that sufficient radiation monitoring information is available to the 
operator to assure safe operation of the reactor.  

Specification 
The reactor shall not be operated unless the radiation monitoring channels listed in Table 3.7.1 
are operable.  

Table 3.7.1 Radiation Monitoring Systems 

Radiation Monitoring Function Number 
Channels* 

Area Radiation Monitor Monitor radiation levels within the reactor room 3 

Exhaust Gas Radiation Monitor radiation levels in the exhaust air stack 1 
Monitor 

Exhaust Particulate Monitor radiation levels in the exhaust air stack 1 
Radiation Monitor 

Environmental TLD dosimeters evaluated on a quarterly basis 4 
Radiation Monitors record exposure in area surrounding the stack 

*For periods of time for maintenance to the radiation monitoring channels, the intent of this 

specification will be satisfied if they are replaced with portable gamma sensitive instruments 
having their own alarms or which shall be kept under visual observation.  

Basis 
The radiation monitors provide information to operating personnel of any impending or existing 
danger from radiation so that there will be sufficient time to evacuate the facility and take the 
necessary steps to prevent the spread of radioactivity to the surroundings. The environmental 
monitors are placed in areas immediately surrounding the reactor laboratory to record actual dose 
that would have been delivered to a person continually present in the area.  

3.7.2 Effluent (Argon-41) Discharge Limit 

Applicability 
This specification applies to the concentration of Ar-41 which may be discharged from the 
facility.
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Objective 
The objective is to insure that the health and safety of the public are not endangered by the 
discharge of Ar-41.  

Specification 
The concentration of Ar-41 in the effluent gas from the facility, as diluted by atmospheric air in 
the lee of the facility as a result of the turbulent wake effect, shall not exceed 1 x 10-' P Ci/ml 
averaged over one year.  

Basis: 
Part 20 CFR Appendix B, Table I1 specifies a limit of 1 x 10-8 ACi/ml for Ar-41. Chapter 11 and 
Appendix A of the SAR substantiates a release level of 4. 1E-9 [tCi/ml for a 3.54 meters/second 
(lowest monthly average) wind speed if all Ar-41 produced were continuously discharged. The 
dilution factor by which emitted material is diluted is 4.1 E-4 [tCi/ml per Ci/second discharged.  

3.8 Experiments 

Applicability 
This specification applies to experiments installed in the reactor and its experimental facilities.  

Objective 
The objective is to prevent damage to the reactor or excessive release of radioactive materials in 
the event of an experiment failure.  

3.8.1 Reactivity Limits 

Specifications 

The reactor shall not be operated unless the following conditions governing experiments exist: 

(1) The reactivity worth of non-secured experiments shall not exceed 0.7% A k/k.  

(2) The reactivity worth of any single experiment shall not exceed 1.4% A k/k.  

Bases: 

(1) This specification is intended to provide assurance that the worth of a single unfastened 
experiment will be limited to a value such that the safety limit will not be exceeded if the 
positive worth of the experiment were to be suddenly inserted (SAR Chapter 13).  

(2) The maximum worth of a single experiment is limited so that its removal from the cold 
critical reactor will.not result in the reactor achieving a power level high enough to exceed the 
core temperature safety limit. Since experiments of such worth must be fastened in place, its

UWNR Safety Analysis Report Rev.0,4/00 14-22



removal from the reactor operating at full power would result in a relatively slow power increase 
such that the reactor protective systems would act to prevent high power levels from being 
attained. SAR accident analysis includes a sudden addition of 1.4% A k/k from firing the 
transient control rod while operating at the power level scram pqint, a more severe transient than 
that which could result from removal of a fixed experiment with the same reactivity worth.  

3.8.2 Materials 

Specifications: 

(1) Explosive materials, such as gunpowder, TNT, nitroglycerin, or PETN, in quantities 
greater than 25 milligrams shall not be irradiated in the reactor or experimental facilities.  
Explosive materials in quantities less than 25 milligrams may be irradiated provided the 
pressure produced upon detonation of the explosive has been calculated and/or 
experimentally demonstrated to be less than the design pressure of the container.  

(2) Experiment materials, except fuel materials, which could off-gas, sublime, volatilize, or 
produce aerosols under (1) normal operating conditions of the experiment or reactor, (2) 
credible accident conditions in the reactor, or (3) possible accident conditions in the 
experiment shall be limited in activity such that if 100% of the gaseous activity or 
radioactive aerosols produced escaped to the reactor room or the atmosphere, the airborne 
concentration of radioactivity averaged over a year would not exceed the limit of 
Appendix B of 10 CFR Part 20.  

(3) In calculations pursuant to (2) above, the following assumptions shall be used: 

(1) If the effluent from an experimental facility exhausts through a holdup tank which 
closes automatically on high radiation level, at least 10% of the gaseous activity or 
aerosols produced will escape.  

(2) If the effluent from an experimental facility exhausts through a filter installation 
designed for greater than 99% efficiency for 0.3 micron particles, at least 10% of these 
vapors can escape.  

(3) For materials whose boiling point is above 130'F and where vapors formed by 
boiling this material can escape only through an undisturbed colunm of water above the 
core, at least 10% of these vapors can escape.  

(4) An atmospheric dilution factor of 4.1 x 10-4 for gaseous discharges from the facility.  

(4) Each fueled experiment shall be controlled such that the total inventory of iodine isotopes 
131 through 135 in the experiment is no greater than 1.5 curies.  

Bases:
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(1) This specification is intended to prevent damage to reactor components resulting from 
failure of an experiment involving explosive materials.  

(2) Specifications (2) and (3) are intended to reduce the likelihood that airborne activities in 
excess of the limits of Appendix B of 10 CFR Part 20 will be released to the atmosphere 
outside the facility boundary of the UWNR.  

(3) The dilution factor is based on computations reported in Chapter 11 and Appendix A of 
the Safety Analysis Report.  

(4) The 1.5 curie limitation on iodine 131 through 135 assures that in the event of failure of a 
fueled experiment leading to total release of the iodine, the exposure dose at the exclusion 
area boundary will be less than that allowed by 10 CFR Part 20 for an unrestricted area.  

3.8.3 Experiment Failure and Malfunctions 

Specification: 
If a capsule fails and releases material which could damage the reactor fuel or structure by 
corrosion or other means, removal and physical inspection shall be performed to determine the 
consequences and need for corrective action. The results of the inspection and any corrective 
action taken shall be reviewed by the Reactor Director or his designated alternate and determined 
to be satisfactory before operation of the reactor is resumed.  

Bases: 
Operation of the reactor with a failed capsule is prohibited to prevent damage to the reactor fuel 
or structure. Failure of a capsule must be investigated to assure no damage has or will occur.  

3.9 Facility Specific LCOs 

There are no facility specific LCOs at this facility.  

4 Surveillance Requirements 

In accordance with section 4.0 of Standard ANSI/ANS-15.1, the following terms for average 
surveillance intervals shall allow, for operational flexibility only, maximum times between 
surveillance intervals as indicated below unless otherwise specified within the specification.  

Five-year interval not to exceed six years.  
Biennial interval not to exceed two and one-half years.  
Annual interval not to exceed 15 months.  
Semiannual interval not to exceed seven and one-half months.  
Quarterly interval not to exceed four months.  
Monthly interval not to exceed six weeks.  
Weekly interval not to exceed ten days

UWNR Safety Analysis Report Rev.0,4/00 14-24



Daily interval must be done within the calendar day.

Scheduled surveillances, except those specifically required when the reactor is shut down, may 
be deferred during shutdown periods, but be completed prior to subsequent reactor startup unless 
operation is required for the performance of the surveillance. Scheduled surveillances which 
cannot be performed with the reactor operating may be deferred until a planned reactor 
shutdown. If the reactor is not operational in a particular mode, surveillances required 
specifically for that mode may be deferred until the reactor becomes operational in that mode.  

General 
Applicability 
This specification applies to the surveillance requirements of any system related to reactor 

safety.  

Objective 
The objective is to verify the proper operation of any system related to reactor safety after 

maintenance or modification of the system.  

Specification 
Any additions, modifications, or maintenance to the ventilation system, the core and its 

associated support structure, the pool or its penetrations, the pool coolant system, the rod drive 
mechanism, or the reactor safety system shall be made and tested in accordance with the 
specifications to which the systems were originally designed and fabricated or to specifications 
approved by the Reactor Safety Committee. A system shall not be considered operable until 
after it is successfully tested.  

Bases 

This specification relates to changes in reactor systems which could directly affect the safety of 
the reactor. As long as changes or replacements to these systems continue to meet the original 
design specifications, then it can be assumed that they meet the presently accepted operating 
criteria.  

4.1 Reactor Core Parameters 

Applicability 
These specifications apply to the surveillance requirements for measurements, tests, and 
calibrations of reactor core parameters.  

Objective 

The objective is to verify the core parameters which are directly related to reactor safety.  

Specifications

UWNR Safety Analysis Report Rev.0,4/00 14-25



(1) Excess reactivity 
Excess reactivity shall be determined at least annually and after changes in either the core, in
core experiments, or control elements for which the predicted change in reactivity exceeds the 
absolute value of the specified shutdown margin.  

(2) Shutdown margin 
The shutdown margin shall be determined at least annually and after changes in either the core, 
in-core experiments, or control elements.  

(3) Pulse limits 
The reactor shall be pulsed semiannually to compare fuel temperature measurements (if an 
operating fuel thermocouple is available) and peak power levels with those of previous pulses of 
the same reactivity value.  

(4) Core configuration 
Each planned change in core configuration shall be determined to meet the requirements of 
Sections 3.1(4) and 5.3 of these specifications before the core is loaded.  

(5) Reactivity Coefficients 
Power defect and pulsing characteristics shall be measured during startup testing of cores 
containing different fuel compositions and compared to predictions in the Safety Analysis 
Report.  

(6) Fuel Parameters 
a. All fuel elements shall be inspected visually for damage or deterioration 

annually.  

b. Uninstrumented fuel elements which have been resident in the core during the 
previous year shall be measured for length and sagitta annually. Fuel elements 
shall not be added to a core unless a measurement of length and sagitta has 
been completed within the previous fifteen months.  

c. Fuel elements in the hottest assumed location, as well as representative 
elements in each of the rows, shall be measured for possible damage in the 
event there is indication that the Limiting Safety System Setting may have 
been exceeded.  

Bases 
(1),(2) Annual measurements, coupled with measurements made after changes that can affect 

reactivity values provide adequate assurance that core behavior will be as analyzed. The 
reactivity values in FLIP fuel change very slowly with fuel burnup.  

(3) Semiannual verifications assure no changes in behavior are resulting from fuel 
characteristic changes.
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(4) Checking contemplated core configurations against requirements will prevent inadvertent 
loading of cores which do not meet power peaking restraints imposed by composition 
restrictions.  

(5) Measurements made during core startup testing are sufficient to assure core behavior will 
be as analyzed.  

(6) Annual inspection of the TRIGA fuel has been shown adequate to assure fuel element 
integrity through a long history of standard operation.  

4.2 Reactor Control and Safety Systems 

Applicability 
These specifications apply to the surveillance requirements for measurements, tests, and 
calibrations of the control and safety systems.  

Objective 
The objective is to verify the performance and operability of those systems and components 
which are directly related to reactor safety.  

Specifications 
(1) Reactivity worth of control elements 
The reactivity worth of control elements shall be determined upon substantiative changes in core 
composition or arrangement and annually thereafter.  

(2) Control element withdrawal and insertion speeds 
Control element drive withdrawal and insertion speeds shall be measured annually and following 
maintenance to the control element or the control element drive mechanism.  

(3) Transient Rod and Associated Mechanism 
The transient rod drive cylinder and associated air supply system shall be inspected, cleaned, and 
lubricated as necessary annually.  

(4) Scram times of control and safety elements 
The scram time for all scrammable control elements shall be measured annually and following 
maintenance to the control elements or their drives.  

(5) Scram and Power Measuring Channels 
a. A channel test of each Reactor Safety System measuring channel in Table 3.2.4 items 
(1) through (4) and the interlocks in Table 3.2.5 required for the intended modes of 
operation shall be performed within 24 hours before each day's operation or prior to each 
operation extending more than one day.  

b. A channel test of each item specified in Table 3.2.4 items (5) and (6) shall be 
performed semi-annually.
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(6) Operability Tests 
This concern is covered by the General Surveillance criterion at the beginning of this section.  

(7) Thermal Power Calibration-Forced Convection 
Not applicable to this reactor 

(8) Thermal Power Calibration-Natural Convection 
A Channel Calibration shall be made of the power level monitoring channels by the calorimetric 
method upon substantiative changes in core composition or arrangement and annually 
thereafter.  

(9) Control Element Inspection 
The control elements shall be visually inspected for deterioration biennially.  

Bases 
(1) Control element worths change slowly unless the core arrangement is changed, so annual 

measurement is sufficient to assure safety.  
(2) Control element insertion or withdrawal speeds are fixed by the motor design and thus do 

not change except for extreme binding conditions within the drive.  
(3) Transient rod drive and air supply includes filtration and lubrication, so an annual check 

coupled with pre-startup checks is sufficient to assure operabilty.  
(4) Measurement of the scram time on an annual basis is a check not only of the scram 

system electronics, but also is an indication of the capability of the control rods to 
perform properly.  

(5) The items (1) through (4) in the table are essential safety equipment and thus should be 
checked frequently, even though no failures have been observed by checkout in nearly 40 
years of operation. Frequent testing is unnecessary for item (5), a simple float switch 
which is very unlikely to fail, and has performed for nearly 40 years without a failure.  
Testing item (6) , the high voltage monitor scram, results in changing the voltage to the 
neutron detectors. This introduces step changes into the signal circuits of the measuring 
channels which can lead to long recovery times and a significant increase in failures of 
the measuring channels. Further, since the checkout of the linear safety channels is a 
source check, if high voltage were lost that check would not be possible if the voltage had 
been lost.  

(6) The general requirement for checks of equipment operability after maintenance or 
modification of systems will reveal any loss of safety functions due to the maintenance or 
modification.  

(8) The power level channel calibration will assure that the reactor will be operated at the 
proper power levels.  

(9) Annual checks in other TRIGA reactors and for nearly 40 years in this reactor have been 
sufficient to insure no failures due to deterioration.

UWNR Safety Analysis Report Rev.0,4/00 14-28



4.3 Coolant Systems 
Applicability 
This specification applies to the reactor pool water.  

Objective 
The objective is to assure the water quality and radioactivity is within the defined limits 

Specification 
The pool water conductivity and radioactivity shall be measured quarterly.  

Bases 
Pool water conductivity is continuously monitored, but would be manually monitored on a 
quarterly basis if the instruments failed.  
Radioactivity is indirectly monitored by an area radiation monitor near the demineralizer bed, so 
gross activity increases would be detected immediately. Experience with TRIGA reactors 
indicates the earliest detection of fuel clad leaks is usually from airborne activity, rather than 
pool water activity. The quarterly measurement can identify specific radionuclides.  

4.4 Containment or Confinement 
No surveillances are required 

4.5 Ventilation Systems 
Applicability 
This specification applies to the building confinement ventilation system.  

Objective 
The objective is to assure the proper operation of the ventilation system in controlling releases of 
radioactive material to the uncontrolled environment.  

Specification 
It shall be verified quarterly and following repair or maintenance that the ventilation system is 
operable.  

Basis 
Experience accumulated in over 30 years of operation has demonstrated that the tests of the 
ventilation system on a quarterly are sufficient to assure the proper operation of the system and 
control of the release of radioactive material.  

4.6 Emergency Electrical Power Systems 
Not Applicable. There are no emergency electrical power systems at this facility.  

4.7 Radiation Monitoring Systems and Effluents 

4.7.1 Radiation Monitoring Systems Applicability
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This specification applies to the surveillance requirements for the area radiation monitoring 
equipment and the stack air monitoring system.  

Objective 
The objective is to assure that the radiation monitoring equipment is operating and to verify the 
appropriate alarm settings.  

Specification 
The radiation monitoring and stack monitoring systems shall be calibrated annually and shall be 
verified to be operable by monthly source checks or channel tests.  

Basis 
Experience has shown that monthly verification of area radiation monitor operability and 
setpoints in conjunction with the downscale-failure feature of the instrument is adequate to 
assure operability. Annual calibration is adequate to correct for any variation in the system due to 
a change of operating characteristics over a long time span. Annual calibrations and monthly 
source or channel checks of the stack particulate and gaseous monitors, along with the high or 
low flow alarms associated with the monitor assure operability and accuracy.  

4.7.2 Effluents 
Applicability 
This specification applies to gaseous and liquid discharges from the reactor laboratory.  

Objective 
The objective is to assure that ALARA and 1OCFR Part 20 limits are observed.  

Specifications 
Liquid radioactive waste discharged to the sewer system shall be sampled for radioactivity to 
assure levels are below applicable limits before discharge. Results of the measurements shall be 
recorded and reported in the Annual Report.  

The total annual release of gaseous radioactivity to the environment shall be recorded and 
reported in the Annual Report.  

Bases 
Liquid waste releases are batch releases, so the liquid can be sampled before release. Air activity 
discharged is continuously recorded and the integrated release is reported.  

4.8 Experiments 
No surveillances are required 

4.9 Facility-Specific Surveillance 
Not applicable. There is no facility-specific surveillance.  

5 Design Features
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5.1 Site and Facility Description

Specifications 

(1) The reactor shall be housed in a closed room designed to restrict leakage. The minimum 
free volume shall be 2,000 cubic meters.  

(2) All air or other gas exhausted from the reactor room and the Beam Port and Thermal 
Column Ventilation System shall be released to the environment a minimum of 17 meters 
above ground level.  

5.2 Reactor Coolant System 

Specifications 
(1) The reactor core shall be cooled by natural convective water flow.  
(2) The pool water inlet and outlet pipe to the demineralizer shall not extend more than 15 

feet into the top of the reactor pool when fuel is in the core. The outlet pipe from the 
demineralizer shall be equipped with a check valve to prevent inadvertent draining of the 
pool.  

(3) Diffuser and other auxiliary systems pumps shall be located no more than 15 feet below 
the top of the reactor pool.  

(4) All other piping and pneumatic tube systems entering the pool shall have siphon breakers 
and valves or blind flanges which will prevent draining more than 15 feet of water from 
the pool.  

(5) A pool level alarm shall indicate loss of coolant if the pool level drops approximately one 
foot below normal level.  

5.3 Reactor Core and Fuel 

Specifications 
(1) TRIGA-FLIP Fuel 

The individual unirradiated FLIP fuel elements shall have the following characteristics: 
(1) Uranium content: maximum of 9 Wt-% enriched to nominal 70% Uranium 

235.  
(2) Hydrogen-to-zirconium atom ratio (in the ZrHx): nominal 1.6 H atoms to 1.0 

Zr atoms.  
(3) Natural erbium content (homogeneously distributed): nominal 1.5 Wt-%.  
(4) Cladding: 304 stainless steel, nominal 0.020 inch thick.  
(5) Identification: Top pieces of FLIP fuel bundles will have characteristic 

markings to allow visual identification of FLIP fuel employed in mixed cores.  

(2) Standard TRIGA fuel
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The individual unirradiated standard TRIGA fuel elements shall have the following 
characteristics: 

(1) Uranium content: maximum of 9.0 Wt-% enriched to a nominal 20% Uranium 
235.  

(2) Hydrogen-to-zirconium atom ratio (in the ZrHx): nominal 1.7 H atoms to 1.0 
Zr atoms.  

(3) Cladding: 304 stainless steel, nominal 0.020 inch thick.  

5.2 Reactor Core 

Specifications 
(1) The core shall be an arrangement of TRIGA uranium-zirconium hydride fuel-moderator 

bundles positioned in the reactor grid plate.  
(2) The Triga core assembly may be standard, FLIP, or a combination thereof (mixed core), 

provided that any FLIP fuel be comprised of at least thirty-five (35) fuel elements, 
located in a contiguous, central region.  

(3) The reactor shall not be operated with a core lattice position vacant except for positions 
on the periphery of the core assembly.  

(4) The reflector, excluding experiments and experimental facilities, shall be water or a 
combination of graphite and water.  

5.3 Control Elements 

Specifications 
(1) The safety blades shall be constructed of boral plate and shall have scram capability.  

(2) The regulating blade shall be constructed of stainless steel.  

(3) The transient rod shall contain borated graphite or boron and its compounds in a solid 
form as a poison in an aluminum or stainless steel clad. The transient control rod shall 
have scram capability and may incorporate an aluminum or air follower.  

5.4 Fissionable Material Storage 

Specifications 
(1) All fuel elements shall be stored in a geometrical array where the value of k-effective is 

less than 0.8 for all conditions of moderation.  
(2) Irradiated fuel elements and fueled devices shall be stored in an array which will permit 

sufficient natural convection cooling by water or air such that the fuel element or fueled 
device temperature will not exceed design values.
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6. Administrative Controls

6.1 Organization 

6.1.1 Structure 

The reactor facility shall be an integral part of the Engineering Physics Department of the 
College of Engineering of the University of Wisconsin-Madison. The reactor shall be related to 
the University structure as shown in SAR Figure 12.1.  

The Radiation Safety office performs audit functions for both the Radiation Safety Committee 
and the Reactor Safety Committee and reports to both committees as well as to the Reactor 
Director.  

6.1.2 Responsibility 

The Reactor Director is responsible for all activities at the facility, including licensing, security, 
emergency preparedness, and maintaining radiation exposures as low as reasonably achievable.  

The reactor facility shall be under the direct control of a Reactor Supervisor designated by the 
Reactor Director. He shall be responsible for assuring that all operations are conducted in a safe 
manner and within the limits prescribed by the facility license, procedures, and the requirements 
of the Radiation Safety Committee and the Reactor Safety Committee.  

6.1.3 Staffing 

(1) The minimum staffing when the reactor is not secured shall be: 
a. A licensed reactor operator in the control room (if senior operator licensed, may 

also be the person required in (c)) 
b. A second designated person present at the facility complex able to carry out 

prescribed written instructions.  
c. A designated senior reactor operator shall be readily available at the facility or on 

call.  

(2) A list of reactor facility personnel by name and telephone number shall be readily available 
in the control room for use by the operator.  

(3) A licensed senior reactor operator shall be present at the facility for: 
a. Initial startup and approach to power.  
b. All fuel handling or control-element relocations.  
c. Relocation of any in-core experiment with a reactivity worth greater than 0.7% 

AK/K.  
d. Recovery from unplanned or unscheduled shutdown or significant power reduction.  

6.1.4 Selection and Training of Personnel
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The selection, training, and requalification of operations personnel shall meet or exceed the 
requirements of ANSI/ANS-15.4-1988 Sections 4-6.  

6.2 Review and Audit 

There shall be a Reactor Safety Committee which shall review and audit reactor operations to 
assure that the facility is operated in a manner consistent with public safety and within the 
conditions of the facility license.  

6.2.1 Composition and Qualifications 

The Committee shall be composed of a least six members, one of whom shall be a Health 
Physicist from the University of Wisconsin Safety Department Radiation Safety Office. The 
Committee shall collectively possess expertise in the following disciplines: 

1. Reactor Physics - Nuclear Engineering; 

2. Mechanical Engineering - Heat transfer and fluid mechanics; 

3. Metallurgy 

4. Instruments and Control Systems; 

5. Chemistry and Radio-chemistry; 

6. Radiation Safety.  

6.2.2 Charter and Rules 

The Committee shall meet at least annually.  

The Committee shall formulate written standards regarding the activities of the full committee; 
minutes, quorum, telephone polls for approvals not requiring a formal meeting, and 
subcommittees.  

6.2.3 Review Function 

The responsibilities of the Reactor Safety Committee shall include, but are not limited to, the 
following: 

1. Review and approval of experiments utilizing the reactor facilities;
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2. Review and approval of all proposed changes to the facility, procedures, license, and 
technical specifications; 

3. Determination of whether a proposed change, test or experiment would constitute an 
unreviewed safety question or a change in Technical Specifications; 

4. Review of abnormal performance of plant equipment and operating anomalies having 
safety significance; and 

5. Review of unusual or reportable occurrences and incidents which are reportable under 
10 CFR Part 20 and 10 CFR Part 50.  

6. Review of audit reports.  

7. Review of violations of technical specifications, license, or procedures and orders 
having safety significance.  

6.2.4 Audit Function 

A Health Physicist from the University of Wisconsin Safety Department Radiation Safety Office 
shall represent the University Radiation Safety Committee and shall conduct an inspection of the 
facility at least monthly to assure compliance with the regulations of 10 CFR Part 20. The 
services and inspection function of the Health Physics Office shall also be available to the 
Reactor Safety Committee, and will extend the scope of the audit to cover license, technical 
specification, and procedure adherence.  

The committee shall audit operation and operational records of the facility. If the committee 
chooses to use the staff of the Health Physics organization for the audit function, the reports of 
audit results will be distributed to the committee and included as an agenda item for committee 
meetings.  

Reactor staff shall perform annual reviews of the requalification program, the security plan, and 
the emergency plan and its implementing procedures.  

6.3 Radiation Safety 

The Reactor Laboratory shall meet the requirements of the University Radiation Safety 
Regulations as submitted for the University Broad License, License Number 48-09843-18 and is 
subject to the authority of the groups established within that document to insure safety.  

The Reactor Director shall have responsibility for maintaining radiation exposures as low as 
reasonably achievable and for implementation of laboratory procedure for insuring compliance 
with 10CFR Part 20 regulations 

6.4 Procedures
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Written operating procedures shall be adequate to assure the safety of operation of the reactor, 
but shall not preclude the use of independent judgement and action should the situation require 
such. Operating procedures shall be in effect for the following items: 

(1) Testing and calibration of reactor operating instrumentation and controls, control rod 
drives, area radiation monitors, and air particulate monitors; 

(2) Reactor startup, operation, and shutdown; 

(3) Emergency and abnormal conditions, including provisions for evacuation, reentry, 
recovery, and medical support; 

(4) Fuel element and experiment loading or unloading; 

(5) Control rod removal or replacement; 

(6). Routine maintenance of the control rod drives and reactor safety and interlock systems 
or other routine maintenance that could have an effect on reactor safety; 

(7) Actions to be taken to correct specific and foreseen potential malfunctions of systems or 
components, including responses to alarms and abnormal reactivity changes; and 

(8) Civil disturbances on or near the facility site.  

Substantive changes to the above procedures shall be made only with the approval of the Reactor 
Safety Committee. Temporary changes to the procedures that do not change their original intent 
may be made by the Senior Operator in Control or his designated alternate. All such temporary 
changes shall be documented and subsequently reviewed by the Reactor Safety Committee.  

6.5 Experiment Review and Approval 

(1) Routine experiments may be performed at the discretion of the senior operator 
responsible for operation without the necessity of further review or approval.  

(2) Prior to performing any experiment which is not a routine experiment, the proposed 
experiment shall be evaluated by the senior operator responsible for operation. He shall 
consider the experiment in terms of its effect on reactor operation and the possibility 
and consequences of its failure, including where significant, consideration of chemical 
reactions, physical integrity, design life, proper cooling, interaction with core 
components, and reactivity effects.  

(3) Modified routine experiments may be performed at the discretion of the senior operator 
responsible for operation without the necessity of further review or approval provided 
that the evaluation performed in accordance with Section 6.5(2) results in a 
determination that the hazards associated with the modified routine experiment are
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neither greater nor significantly different than those involved with the corresponding 
routine experiment which shall be referenced.  

(4) No special experiment shall be performed until the proposed experiment has been 
reviewed and approved by the Reactor Safety Committee.  

(5) Favorable evaluation of an experiment shall conclude that failure of the experiment will 
not lead directly to damage of reactor fuel or interference with movement of a control 
element.  

6.6 Required Actions 

6.6.1 Action to be Taken in Case of Safety Limit Violation 

In the event a safety limit is exceeded: 

(1) The reactor shall be shut down and reactor operation shall not be resumed until 
authorized by the NRC.  

(2) An immediate report of the occurrence shall be made to the Chairman, Reactor Safety 
Committee, and reports shall be made to the NRC in accordance with Section 6.7 of 
these specifications, and 

(3) A report shall be prepared which shall include an analysis of the causes and extent of 
possible resultant damage, efficacy of corrective action, and recommendations for 
measures to prevent or reduce the probability of recurrence. This report shall be 
submitted to the Reactor Safety Committee (RSC) for review and then submitted to the 
NRC when authorization is sought to resume operation of the reactor.  

6.6.2 Action to be Taken in the Event of an Occurrence of the Type Identified in 6.7.2(1)b., and 
6.7.2(1)c.  

In the event of an reportable occurrence (1.3.1) the following actions shall be taken: 

(1) The reactor shall be shut down.  
(2) The Director or his designated alternate shall be notified and corrective action taken 

with respect to the operations involved, 
(3) The Director or his designated alternate shall notify the Chairman of the Reactor Safety 

Committee, 
(4) A report shall be made to the Reactor Safety Committee which shall include an analysis 

of the cause of the occurrence, efficacy of corrective action, and recommendations for 
measures to prevent or reduce the probability of recurrence, and 

(5) A report shall be made to the NRC in accordance with Section 6.7.2 of these 
specifications.
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6.7 Reports

6.7.1 Operating Reports 

(1) An annual report covering the activities of the reactor facility during the previous calendar 
year shall be submitted (in writing to U.S. Nuclear Regulatory Commission, Attn: Document 
Control Desk, Washington, DC 20555) within six months following the end of each calendar 
year, providing the following information: 

a. A brief narrative summary of (1) operating experience (including experiments 
performed), (2) changes in facility design, performance characteristics, and 
operating procedures related to reactor safety and occurring during the reporting 
period, and (3) results of surveillance tests and inspections; 

b. Tabulation of the energy output (in megawatt days) of the reactor, hours reactor 
was critical, and the cumulative total energy output since initial criticality; 

c. The number of emergency shutdowns and inadvertent scrams, including reasons 
therefor; 

d. Discussion of the major maintenance operations performed during the period, 
including the effect, if any, on the safety of the operation of the reactor and the 
reasons for any corrective maintenance required; 

e. A brief description, including a summary of the safety evaluations of changes in the 
facility or in the procedures and of tests and experiments carried pursuant to 
Section 50.59 of 10 CFR Part 50; 

f, A summary of the nature and amount of radioactive effluents released or discharged 
to the environs beyond the effective control of the licensee as measured at or prior 
to the point of such release or discharge; 

Liquid effluents (summarized on a monthly basis) 

(1) Liquid radioactivity discharged during the reporting period tabulated as 
follows: 

(a) Total estimated radioactivity released (in curies).  

(b) The isotopic composition if greater than 1 x 10-7 microcuries/cc for fission 
and activation products.  

(c) Total radioactivity (in curies), released by nuclide, during the reporting 
period based on representative isotopic analysis.
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(d) Average concentration at point of release (in microcuries/cc) during the 
reporting period and the fraction of the applicable limit in 1 OCFR20.  

(2) Total volume (in gallons) of effluent water (including diluent) during periods 
of release.  

Gaseous Waste (summarized on a monthly basis) 

(1) Radioactivity discharged during the reporting period (in curies) for: 

(a) Gases.  

(b) Particulates with half lives greater than eight days.  

4. The estimated activity (in curies) discharged during the reporting period, by 
nuclide, for all gases and particulates based on representative isotopic analysis 
and the fraction of the applicable 10CFR 20 limits for these values.  

Solid Waste 

(1) The total amount of solid waste packaged (in cubic feet).  

(2) The total activity involved (in curies).  

(3) The dates of shipment and disposition (if shipped off site).  

g. A summary of radiation exposures received by facility personnel and visitors, 
including dates and time of significant exposures and a summary of the results of 
radiation and contamination surveys performed within the facility; and 

h. A description of any environmental surveys performed outside the facility.  

(2) A report within 60 days after completion of startup testing of the reactor (in writing to the 
U.S. Nuclear Regulatory Commission, Attn: Document Control Desk, Washington, D.C. 20555) 
upon receipt of a new facility license or an amendment to the license authorizing an increase in 
reactor power level describing the measured values of the operating conditions or characteristics 
of the reactor under the new conditions including: 

a. An evaluation of facility performance to date in comparison with design predictions 
and specifications, and 

b. A reassessment of the safety analysis submitted with the license application in light 
of measured operating characteristics when such measurements indicate that there 
may be substantial variance from prior analysis.
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6.7.2 Special Reports

(1) There shall be a report of any of the following not later than the following day by 
telephone or similar conveyance to the NRC Headquarters Operation Center, and 
followed by a written report describing the circumstances of the event and sent within 
14 days to U.S. Nuclear Regulatory commission, Attn: Document Control Desk, 
Washington, D.C. 20555: 

(a) Any accidental release of radioactivity above permissible limits in unrestricted 
areas whether or not the release resulted in property damage, personal injury, or 
exposure; 

(b) Any violation of a safety limit; and 
(c) Any reportable occurrences as defined in Section 1.3.1 of these specifications.  

(2) A written report within 30 days in writing to the U.S. Nuclear Regulatory commission, 
Attn: Document Control Desk, Washington, D.C. 20555 of: 

a. Permanent changes in facility organization at Reactor Director or Department 
Chair level.  

b. Any significant change in the transient or accident analysis as described in the 
Safety Analysis Report; 

6.8 Records 

6.8.1 Records to be Retained for a Period of at least Five Years or for the Life of the Component 
Involved if Less than Five Years 

(1) Normal reactor facility operation (but not including supporting documents such as 
checklists, log sheets, etc. which shall be maintained for a period of at least one year), 

(2) Principal maintenance activities, 
(3) Reportable occurrences, 
(4) Surveillance activities required by the Technical Specifications, 
(5) Reactor facility radiation and contamination surveys where required by applicable 

regulations, 
(6) Experiments performed with the reactor, 
(7) Fuel inventories, receipts, and shipments, 
(8) Approved changes in operating procedures, 
(9) Records of meeting and audit reports of the review and audit group.  

6.8.2 Records to be Retained for at Least One Cycle

UWNR Safety Analysis Report Rev.0,4/00 14-40



Operator qualification and re-qualification records.

6.8.3 Records to be Retained for the Lifetime of the Reactor Facility 

Annual reports which contain the information in items (1) and (2) may be used as records for 
those items.  
(1) Gaseous and liquid radioactive effluents released to the environs, 
(2) Offsite environmental monitoring surveys required by technical specifications, 
(3) Radiation exposures for all personnel monitored, 
(4) Updated, corrected, and as-built drawings of the facility.  

7 References 

1. GA-9064, pages 3-1 to 3-23 

2. GA-9064, pages 3-1 to 3-23 

3. NE Memo No. 4, Report on Refueling the University of Wisconsin Nuclear Reactor, R. J.  
Cashwell, March 1968, University of Wisconsin Department of Nuclear Engineering 

4. Core Test Program, UWNR Mixed TRIGA-FLIP Core (9 FLIP), R. J. Cashwell, July 
1974, University of Wisconsin Department of Nuclear Engineering 

5. Core Test Propgram, UWNR Mixed TRIGA-FLIP Core (15 FLIP), R. J. Cashwell, 
February 1978, University of Wisconsin Department of Nuclear Engineering 

6. Core Test Program, All FLIP Core, R. J. Cashwell, January 1980, University of 
Wisconsin Department of Nuclear Engineering 

7. "Sagitta" refers to the bow of the element and means the maximum excursion of the clad 
surface from a chord connecting the two ends of the clad surface.  

8. Simnad and West, 1986 

9. NUREG-1282
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15 FINANCIAL QUALIFICATIONS

15.1 Financial Ability to Construct a Non-Power Reactor 

Not applicable for renewal application.  

15.2 Financial Ability to Operate a Non-Power Reactor 

The Reactor Laboratory is a part of the Engineering Physics Department of the College of 
Engineering at the University of Wisconsin-Madison. The teaching mission of the laboratory 
takes precedence over the research and service missions; for this reason the primary fiscal 
support for operation of the facility is from the state-funded university budget. Reactor 
personnel have instructional duties, such as teaching courses, setting up laboratory experiments, 
and assuring that equipment used in the teaching laboratories is operable. It thus becomes 
somewhat difficult to allocate funding precisely to just the operation of the reactor. In the 
following information no attempt is made to separate the instructional component of the budget 
from the reactor operations part of the budget. For instance, the Reactor Director is teaching two 
courses during the Spring 2000 semester, but his entire salary is included in the budget below.  

Recently the operating budget of the Reactor Laboratory has been considerably higher than what 
would be predicted from the past history of the facility. This is due in large part to providing 
replacement of long-term employees who are approaching retirement age with younger workers 
in time to allow adequate training of the new employees. The total salary expenditures will be 
reduced significantly after the retirements actually take place, but the estimate below uses the 
current funding level.  

The total operating budget of the laboratory is $388,000. Of this total, state instructional funding 
covers $299,000, with the remaining expenses split between grants ($48,000) and income 
generated by reactor services ($41,000).  

By expense category, the funds are spent for salary($253,000), fringe benefits ($77,300), supplies 
and expense ($24,000), and capital equipment ($33,000).  

These numbers do not include the infrastructure provided by the University such as electrical 
power, heating, janitor service, and health physics coverage. Further, the fringe benefits included 
above are not specifically billed to the department in which the employee works for instructional 
funding, but come from a campus-wide fund, while the fringe benefits for salaries supported by 
non-instructional funding are charged to the fund paying the salary.  

The instructional funding is appropriated by the state. The administration of the university has 
been very supportive of the reactor facility and continuation of the Nuclear Engineering 
curriculum. The fact that the application for renewal of the license is signed by the 
administration indicates this support.
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Much of the capital equipment funding in recent years has come from the DOE program to 
update the instrumentation and experimental equipment on non-power reactors. In addition, a 
local utility company has provided matching grants to support instruction in traditional "fission 
nuclear engineering", and this has contributed to both the supply and expense and capital 
equipment budget. The combination of funding opportunities has resulted in the reactor and 
associated laboratories being in excellent condition. The reactor can continue to operate without 
the outside grant income, but it would not allow for upgrading the equipment as has been done 
for the last 10 years. However, the present instrumentation and control systems are capable of 
continuing to operate for another 20 years with no loss of function.  

Funds from services provided to persons outside the university have been steady for the last 10 
years, with some increases in the last three years. It is expected that this funding will continue 
for at least the next five years.  

15.3 Financial Ability to Decommission the Facility 

By letter dated July 19, 1990', the University responded to 10CFR Part 50.75 showing the 
expected cost of decommissioning the reactor. At that time estimated decommissioning cost was 
$1,200,000 in the year 2000.  

Early in 1999 the computations on which the funding plan was made were updated to extend the 
time of decommissioning to 2020 and to incorporate more recent figures on the cost of disposal 
of radioactive debris from the decommissioning. The estimate is again based on placing the 
facility in condition for unrestricted release three years after cessation of operations, now 
estimated as June 30, 2020. The result of this revised estimate is a decommissioning cost of 
between $3,000,000 and $8,000,000, with the wide range of cost based primarily upon the 
uncertainty in disposal cost. Whereas the disposal cost was a minor part of the total 
decommissioning effort costs for the original computation, it is now by far the largest component 
of the total cost. Nevertheless, as a state agency, the funding plan remains to obtain the funding 
when necessary.  

15.4 Reference 

1. Letter to USNRC Document Control Desk from R. J. Cashwell under Docket 50.156 
dated July 19,1990, with attachment signed on behalf of the Board of Regents.
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16 OTHER LICENSE CONSIDERATIONS

16.1 Prior Use of Reactor Components 

There are no components in use at the University of Wisconsin Nuclear Reactor Laboratory that 
have had prior use at any other facility or organization. It is conceivable that prior use 
components could be integrated into Reactor Laboratory systems at some future time.  
Appropriate analysis and reviews of component replacement will be conducted in accordance to 
applicable standards, regulations and facility procedures and licensed technical specifications.  

16.2 Medical Use of Non-Power Reactors 

The University of Wisconsin Nuclear Reactor Laboratory is not engaged nor licensed to conduct 
any activities for medical use of the facility. Future medical use of the Reactor Laboratory 
would be conducted pursuant to appropriate license applications and approvals as authorized by 
the Atomic Energy Act of 1954 as amended.
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Appendix A Calculation Methods for Atmospheric Release of Radioactivity 

A. Models Used for Calculations in Section 13.1/2.1 

For Sutton's diffusion model, the maximum concentration (Xm.) at any point downwind is 
given as: 

(1) Xmax- 2Q (Reference 1) 
e7trh 2 

where ji is mean wind speed in meters/second 
Q is release rate in Ci/second 
h is stack height in meters 

For the generalized Gaussian Plume Model, the maximum concentration is given by the same 
equation (Reference 2, equation 8).  

For calculations in this report, the following values are used: 
[t = lowest monthly average =3.54 meters/second 
h = stack height above ground =17.1 meters.  

Using these numbers, equation (1) reduces to 

(2) Xma, = 2.26E-4 Q, 

where Xma is in giCi/ml 

Reference 2 presents a method applicable to release from buildings with zero stack height to 
approximate release from leaks in a containment structure. The relation given, as equation 4, is: 

(3) X-- Q 

where X, Q, and g are defined as above, 
C is an empirical constant with a value between 0.5 to 2, and 
A is the minimum building cross section.  

The 3 terms are concerned with atmospheric dispersion, which will be neglected 
in this analysis, which will result in the equation; 

(4)X=- CQ CA [
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Inserting values for the UWNR facility used in the safety analysis for FLIP fuel conversion, and 
using a value of 1 for C yields: 

(5) X= Qor 
(1)(30ft)(44ft)(9.29E-2m 2/ft 2)(3.54m/sec) 

(6) X=2.3E-3 Q with X in units of ACi/ml 

a. Whole Body Exposure 

The activity concentration of the insoluble volatiles in the reactor room air was determined by 
dividing released activity by room volume.  

A = 5.89E6 OCi _ 2.95E-3 gCi/cm3 

V 2.00E9 cm 3 

Since 3.7E4 dps = 1 ACi, A/V= 109 ,/sec-cm3 

The maximum dose rate is calculated by assuming the room is equivalent to a hemisphere with a 
radius of 782 cm. In addition, the average gamma energy is 0.7 MeV, the attenuation coefficient 
for air is 3.5E-5 cm-1, and the flux-to-dose conversion factor is 4.2E4 y/cm2/cmZ-mr/min 

Using the relationship 

DR = 30S(1 - exp(-RZ)) where 
Cz2 

DR = dose rate in mr/hr 
S = Volumetric source strength in 7/sec-cm 2 

R = outer radius of hemisphere 
Y = attenuation coefficient for air, 

yields a dose rate of 60 mr/hour.  

(b) Dose to the Lungs 

The dose to the lungs was calculated by first assuming uniform dispersal of the released volatiles 
in the laboratory volume, giving a concentration of 

A _ 5.54E6 gCi = 2.75E-3 gCi/cm3 .  
V 2.00E9 cm 3 

Since the "standard man" breathes 1.25 cubic meters of air per active hour, he would breathe 
approximately 0.21 cubic meters in 10 minutes, the assumed evacuation time. If this number is
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increased to 0.30 cubic meters to allow for excitement and stress, then his lungs would be 
exposed to an activity of 

A V = (.75E-3 gCQ (3E5 cm 3) = 825 gi0.  
V 

The dose to the lungs is then calculated from the following expression to be 1 Rad.  

ACR 8 F E.  
Dose (Rad) -=ACR ' F (1 - e •), where m Ij1 •' 

A = Activity exposure (825 gCi) 
C = Conversion factors 

(3.7E4 f/sec-gCi)(1.6E-6 erglMeV) 

100erg/gm -rad 

R = lung retention factor (0.125 is customary) 
m = mass of lungs (1000 grams) 
F. = fraction of total activity 
E. = energy of beta for nuclide i (MeV) 
ki radioactive decay constant + biological release constant (6.7E-8 sec-') 
t = time of exposure (assumed infinite) 

Release rate, Q, for an isotope is the total quantity released to air (column E of Table 13.1, 
Chapter 13) divided by the assumed release time. The release time used in further calculations 
is the time for the ventilation system (room air and beam port and thermal column exhaust 
systems) to make a complete change of air in the Reactor Laboratory.  

(9) T 2000 3  - 4238 seconds release 0.472 m 3/sec 

Using the generalized Gaussian Plume Model (equation (2)), and demonstrating with data for Br
83, concentrations released to unrestricted areas (Chapter 13, Table 1 Column H) are calculated 
as shown below: 

(10) XBr-83 _ (0.0083Ci)(2.26E-4) = 4.43E-10 gCi/ml 
4238 

The remaining isotope values are calculated in the same manner.  

The activity release was also evaluated through use of equation (6). This calculation would be 
applicable to release of the activity through the building walls with the ventilation system not 
operating.  

Again using Br-83 as an example, and assuming the same release time as in the previous 
calculation I
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(11) X~r_83 = (0.0083Ci)(2.3E-3) = 4.50E-9 iCi/ml 4238 

This value is a factor of 10.17 greater than that evaluated by the Gaussian Plume Model. All 
similar values in Chapter 13, Table 1, Columns H and I may be multiplied by this factor for a 
more conservative case. This calculation was done for the previous Safety Analysis Report using 
as the building dimensions only the minimum dimensions of the reactor laboratory, a room 
within the Mechanical Engineering Building. This considerably underestimates the "wake 
effect" of the actual building. Using values appropriate to the Mechanical Engineering Building 
reduces this 10-fold increase to approximately 1.  

B. Sample Calculations Supporting Section 11.1.1.1 

The maximum release rate for Ar-41 activity is 13.3 jiCi/second, and the resulting concentration 
is calculated to be, from equation (2) 

(7) Xma, = (13.3E-6)(2.26E-4) = 3.01E-9 jiCi/ml.  

If calculated using equation (6) (for building wake dilution) using only the building dimension of 
the Reactor Laboratory room, the resulting value is 

(8) X= (13.3E-6)(2.3E-3) = 3.06E-8 RtCi/ml.  

If calculated using equation (6) using the dimensions of the building, rather than just the room 
dimensions, the resulting value is 

(9) X= (13.3E-6)(3.lE-4)= 4.13E-9 ACi/ml 

It is obvious that all three methods used to calculate the above values cannot both be applicable.  
Since the reactor is not operated when the ventilation system is not in operation, the value in 
equation (8) is more realistic, and agrees well with equation (6) when the entire building wake is 
considered.  

References 

1 Meteorology and Atomic Energy, U. S. Dept of Commerce Weather Bureau, Govt.  
Printing Office, Washington, DC July 1955 

3. F. A. Gifford, Jr, Atmospheric Dispersion Calculations Using the Generalized Gaussian 
Plume Model, Nuclear Safety, December 1960 

4. Calculation of Distance Factors for Power and Test Reactors, (TID-14844), USAEC, 
March 23, 1962
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Appendix B Supporting Documents

Task Order No. 2 Under Master Task Agreement No. C96-175937

Page 1 

TASK ORDER NO. 2 UNDER MASTER TASK AGREEMENT NO. C96-175937 
LOCKHEED MARTIN IDAHO TECHNOLOGIES COMPANY (LMITCO) 

2525 Fremont Avenue 
P. 0. Box 1625, Idaho Falls, ID 83415-3521 

OPERATING UNDER U. S. GOVRNMEXT CO"NTRACT NO. DE-ACO7-9410 13223

To: University of Wisconsin-Madison 
Research Administration 
750 University Avenue 
Madison, WI 53706-1490

Effective Date: August 26, 1999 
Completion Date: November 1. 200!

To: Tom Handland 
PI: R. J. Cashwell 

This Task Order No. 2 is awarded to, 

I. Transfer Reactor Fuel Assistance Subcontract No. C87-101251-002 to the new Master Task 
Agreement No, C96-175937 as Task Order No. 2.  

2. Extend the period of performance to November 1, 2001. This extension is retroactive to 
November 1, 1998.  

3. Confirm the Statement of Work and modification thereto remain unchanged.  

4. Assignment: On September 30, 1999, LMITCO's prime contract with DOE wilL expire. Thus, 
pursuant to the article in the Genera] Provisions entitled "assignment"" this Task Order is 
assigned to Bechtel BWXT Idaho, LLC, under its DOE Prime Contract No. DE-AC07-DI33727, 
effective October 1, 1999.

Procurement Agent: Lynda Keller 

Sbip via: N/A 

•Mlti Addrua 
Lyrda KdkI'r 
L~CTCO 
P.O. BOX 1623 
Idaho Falls, ID 83415-3521

Telephone: (208) 526-5597 ;ot:. ,.uu 
F.O.B~rans: IACash Terms:] 

Lockheed Martin Idaho Technologies Company 

Title: Procurement Agent

Signed-.

Title:

Net 0 Days

Date

SuSu1otratto's Otftill 
William J. Vance. Assistant Dean

Return one signed copy of this Task Order to Lynda Keller.
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