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Abstract/Summary: 
This is a structural analysis documenting the concerns and issues regarding the COUPP 60 KG 
Outer Pressure vessel.    This analysis concludes the “as-built” vessel follows the ASME code 
and FESHM Chapter 5031.   
  
Applicable Codes: 
 Fermilab Environment, Safety, and Health manual, chapter 5031, ASME Boiler and Pressure 
Vessel code,  Section 8, Division 1. 
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Introduction 
 
         An ASME code vessel was purchased in 2006 from Val-Fab ,NB#27, mfr. serial number 
27, for the COUP 60 kg project.  This vessel is referred to as the COUPP 60 kg outer vessel.  
This vessel was fabricated at Val-Fab’s shop and is ASME Division 1 stamped vessel.  The 
vessel’s original MAWP was 600 psi but then a top plate and extension was put on the vessel 
again by Val-Fab (ASME repair).  When the repair was done the new MAWP was 450 psi.  The 
new MAWP was a decision the Project made abandoning the possibility of running CF3Br in the 
bubble chamber which is contained by this COUPP 60 kg outer vessel.   The COUPP outer 
vessel is filled with propylene glycol and has 3 view ports.  These ports roughly have a 6" inside 
diameter and a 10" outside diameter.  They were installed on the original vessel and have never 
been altered.  The vessel’s normal operating pressure varies from a 0 psi to 250 psi and is cycled 
about every minute.  As of this date it is estimated the vessel has been cycled about 10,000 times.  
The glycol temperature contained by the COUPP 60 Kg outer vessel is controlled and can be 
changed from 0 C to 45C.   The thermal cycle time is long, on the order of days.   The vessel has 
been running in various places at Fermilab and is currently in the MINOS underground area.  
Below is a picture of the vessel. 

                                      
Picture:  Original vessel (MAWP = 600 psi) before shell lengthening and top lid modifications. 
 



Window Ports 
 
          A person discovered that the “as-intended” drawings of the vessel and window ports did 
not match his observations and measurements.  Appendix 1 illustrates what he observed and 
what he was expecting to observe. The sketch shows the horizontal and vertical cross-sections 
through the nozzle centerline to illustrate how the nozzle was thought to be attached and how it 
was actually attached. In the horizontal section the inside weld meets the outside weld.  
Appendix 2 is a sketch of the as-built measurements of the window ports.  Below are pictures of 
a window port. One shows the outer weld and the other picture shows the inner weld. 

   
Picture:  Outside and inside attachment welds of the viewport. 
 
 
Code Calculations 
            After this discrepancy was found the Val-Fab code calculations of the vessel and window 
ports were reviewed. The calculations Val-Fab supplied did not appear to be consistent with the 
actual vessel.  When the vendor was contacted and questioned about the calculations, we were 
referred to their Q/A manager.  After several iterations it’s been concluded that the Q/A manager 
no longer has a good understanding of what was actually built.    
            The code calculations (see appendix 4) were redone for the window port using the 
relevant sections of the code: 
UG-27 for sizing the shell and nozzle thickness. 
UG-37 for the shell reinforcement required for the opening in the shell. 
UG-40 for limits of reinforcement. 
UG-41 for Strength of reinforcement. 



UG -45 for nozzle neck thickness. 
UW-15 for Welded Connections. 
UW-16 for minimum requirements for attachment weld at openings. 
  
The COUPP 60 Kg outer vessel is in compliance with all the above sections except UW-16, 
where it is unclear.  In UW-16 the assumption is made that both the shell and nozzle (our case 
window port) has a constant wall thickness. See UG-40 (n) or UW-16.1(k).  The window ports 
do not have a constant wall thickness.  The ASME Division 1 code does not have formulas or 
methods to calculate varying wall thickness of the nozzle.    Therefore the two cases; the 
maximum wall thickness of the window ports and the minimum wall thickness of the window 
ports were calculated. The calculations show that for the minimum window port case, the vessel 
meets UW-16 but for the maximum window thickness case, UW-16 is not met.  This vessel wall 
was built with much thicker walls due to the original MAWP of 600 psi and the window port 
wall thickness was larger than need just because a decision was made to use a previous window 
port design that proven to work well.   
 
Basic Engineering Calculations 
 Appendix 5 has basic calculations which show that the stress on the nozzle to vessel weld 
is 2,125psi which is very low compared to the maximum allowable level in UW-15 of 9,187 psi.  
Also a reasonable moment of 250 ft-lbs was calculated (250 lbs at1 ft) on the window port and 
the bending stresses in the welds are extremely low.  The moment accounts for the possibility 
that a person might stand on the camera mounting rails. 
 
Cycling Issues 
           In the process of evaluating the welds in the COUPP 60 kg vessel, the issue of pressure 
cycling on these welds was brought up as a possible concern.  The ASME Div. 1 code indicates 
when necessary the designer is to consider cyclic loading (UG-22). In the AK steel 304/304L 
specification sheet, the fatigue strength of 35 ksi is given for 10E8 cycles.  The ASME Div 1 
code allowable stress level for stainless steel 304 is 18,750 psi which is much less than the 35 
ksi.    So for stainless steel 304 using code allowable does not require a fatigue analysis for less 
than 10E8 cycles.  If the COUPP 60 kg vessel was cycled every minute then the vessel’s lifetime 
is slightly over 190 years.    
 
Summary 
 The COUPP 60 kg outer vessel is a code stamped Div 1 vessel and after careful analysis 
of a potential window port issue, we find no reason or justification to make this code stamp 
invalid.  We base this on UG-2 (g) where it states; “This Division of Section VIII does not contain rules to 
cover all details of design and construction. Where complete details are not given, it is intended that the 
Manufacturer, subject to the acceptance of the Inspector, shall provide details of design and construction which will 
be as safe as those provided by the rules of this Division.” 
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