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PRESSURE VESSEL ENGINEERING NOTE PER FESHM CHAPTER 5031 
 Prepared by: Yuriy Orlov ______________  
 Preparation date: 25 January 2011 _____  
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Lab Property Number(s): _________________________________________________________  
Lab Location Code:   _______________________________ (obtain from safety officer)  
Purpose of Vessel(s):  Liquid Helium containment for superconducting corrector __  
 ________________________________________________________________________________  
Vessel Capacity/Size:  1.97-L  Diameter:  11.8”(300mm) Length:  11.8”(300mm) 
Normal Operating Pressure (OP)  0.02-bar (0.25-psia)   
MAWP-OP =  28.75 PSID 
 
List the numbers of all pertinent drawings and the location of the originals.  
 
Drawing # Location of Original 
 
  D00000000858535 Rev C ___________  DESY TDM ____________________________________      
  D00000000857305 Rev B ___________  DESY TDM ____________________________________  
  D00000000857295 Rev B ___________  DESY TDM ____________________________________  
  MD-460856  ______________________  FERMI TDM ___________________________________  
 
(Above are the top-level drawings, see Appendix B, “drawing tree”, in the design 
note) 
  
2. Design Verification 
 
 Is this vessel designed and built to meet the Code or “In-House Built” 

requirements? 
 Yes  X   No    
 

If “No” state the standard that was used 
_________________________________________________________________________________ 

Demonstrate that design calculations of that standard have been made and 
that other requirements of that standard have been satisfied. 

Skip to part 3 “system venting verification.” 
 

Does the vessel(s) have a U stamp?  Yes_____ No  X .  If "Yes", complete 
section 2A; if "No", complete section 2B. 

 
A. Staple photo of U stamp plate below. 

 Copy "U" label details to the side   
  Copy data here: 
  _____________________________  
 
  _____________________________  
 
  _____________________________  
 
  _____________________________  
 
  _____________________________  
 
  _____________________________  
 
  _____________________________  



 

5 
 

 

 

 

Figure 1.  ASME Code: Applicable Sections   

2B. 

Summary of ASME Code 
 
 
  CALCULATION RESULT 
  (Required thickness or stress 
 Reference ASME level vs. actual thickness 
Item Code Section calculated stress level) 
 
(see Design Note) 
 ___________________   _____________________________   _____________ vs ____________  
 ___________________   _____________________________   _____________ vs ____________  
 ___________________   _____________________________   _____________ vs ____________  
 ___________________   _____________________________   _____________ vs ____________  
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3. System Venting Verification   
 
 Does the venting system follow the Code UG-125 through UG-137?   

Yes    No_X__     
 
 Does the venting system also follow the Compressed Gas Association 

Standards S-1.1 and S-1.3? 
 Yes    No__X___  
 
 A “no” response to both of the two proceeding questions requires a 

justification and statement regarding what standards were applied to verify 
system venting is adequate. 

 
 List of reliefs and settings: 
 
 Manufacturer Model #  Set Pressure  Flow Rate Size 
 
 
4. Operating Procedure 
 
 Is an operating procedure necessary for the safe operation of this vessel? 
  Yes_____  No  X   (If "Yes", it must be appended) 
 
5. Welding Information 
 
 Has the vessel been fabricated in a non-code shop?  Yes  X   No     

 If "Yes", append a copy of the welding shop statement of welder 
qualification (Procedure Qualification Record, PQR) which references 
the Welding Procedure Specification (WPS) used to weld this vessel. 

See “Welding Information” Section in Appendix A 
 
6. Existing, Used and Unmanned Area Vessels 
 
 Is this vessel or any part thereof in the above categories?   
 Yes_____ No  X  
 

If "Yes", follow the requirements for an Extended Engineering Note for 
Existing, Used and Unmanned Area Vessels. 
 

7. Exceptional Vessels 
 
 Is this vessel or any part thereof in the above category?   
 Yes  X   No     
 

If "Yes", follow the requirements for an Extended Engineering Note for 
Exceptional Vessels 
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Amendment 1 

Mayling Wong 
17 February 2012 

 
Update on the Dual MAWP 
 
The design pressures and design temperatures for the dipole corrector is: 
 

Design Pressure 1:     2.0 bar  Design Temperature 1:     80 – 300 K   

Design Pressure 2:     4.0 bar  Design Temperature 2:     1.8 – 80 K   

 
 
Updates on the System Venting Verification 
 
The dipole corrector is currently part of the Cryomodule 2 (CM2) string assembly.  The string 
assembly is made up of eight dressed cavities and the dipole corrector.  This amendment shows 
the required helium relief capacity when CM2 is installed at New Muon Lab (NML).   
 
This vessel has been selected to be part of Cryomodule 2, which will be tested at NML.  This 
amendment shows the required relief capacities for the cryomodule as an assembly of eight 
dressed cavities and one corrector dipole.    The AD/Cryo document titled “New Muon Lab 
Cryomodule, Feed Cap, and End Cap Relief Valve System Analysis” (located online 
http://ilctanmlcryo.fnal.gov/) lists the most up-to-date calculations on the available relief 
capacities at NML.   
 
Table AM-1 summarizes the possible sources of helium pressure, the calculated maximum flow 
rate, and the capacity of the available relief valve.   
 

Table AM-1 – Summary of Required and Available Relief Capacities at NML 
Source of Helium Pressure Required 

relief 
capacity 

Available 
relief 
capacity 

Relief type 
(CGA-
defined) 

Relief 
Device 
Name 

  (SCFM air) (SCFM air)     
Room temperature helium supply 
from cryoplant 

351 951
Primary 
relief 

SV-806-H 

Fire condition 
1864 8053

Secondary 
relief 

SV-803-H 

Loss of cavity vacuum 
6061 8053

Secondary 
relief 

SV-803-H 

Loss of insulating vacuum 
3737 8053

Secondary 
relief 

SV-803-H 
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Fire Condition 
 
The required volumetric flow rate for fire condition in vessel is calculated following the CGA S-
1.3-2005, Paragraph 6.3.3:  
 

82.03.0 UAFGQ ifirea   

 
Where: 
 

F correction factor for cryogenic systems 1   

Gi 
gas factor for insulated containers for 
LHe (same as for the primary relief) 43.4   

kshield 

mean thermal conductivity of helium 
gas at between saturation temp and 
1200 deg F at 1-bar (Table 3 of S-1.3) 0.122 Btu/hr-ft-F 

ttotal assume helium gas thickness of 1-inch 1 in 
    0.083 ft 

U 
overall heat transfer coefficient of the 
insulating material 1.464 

Btu/hr-ft^2-
F 

A   267.6 ft^2 

Qa fire 
flow capacity of relief device for fire 
conditions 1863.9 SCFM air 

 
According to Paragraph 6.3, a factor of 0.3 can be used for a vessel that holds “nonflammable 
gas and is suitably isolated from possible engulfment in a fire.”  This is applicable for the vessel 
which holds supercritical helium and sits within a cave structure that is isolated from flammable 
sources. 
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Loss of cavity vacuum and insulating vacuum 
 
A large rate of helium vaporization can occur due to two scenarios:  the loss of RF cavity 
vacuum, and the loss of insulating vacuum 
 
The equation to calculate the mass flow rate is  
 




AQ
m  

 
And the equivalent volumetric flow rate is 
 

aa

aa
a TMZ

ZTM

C60

WC1.13
Q   

Where: 
 

Cavity 
Vacuum 

Loss  

Loss of 
Insulating 
Vacuum 

Q Heat flux 4.0 2.0 W/cm2 
P_relief 110% of set pressure of 4.0-bar MAWP at  4.4 4.4 bar 
   1.8-K 440 440 kPa 
T temperature when specific heat input  6.8 6.8 K 
  is at a minimum for relief pressure 12.24 12.24 R 
θ  specific heat input for helium at T, P_relief 23 23 J/g 

A Surface area of helium-to-vacuum boundary 6.8 8.4 m2 

m_dot 
mass flow rate of helium during 
vaporization 11803.5 7278.2 g/sec 

W 
mass flow rate of helium during 
vaporization 93483.6 57643.7 lbm/hr 

C helium gas constant 378 378   
M molecular weight of helium 4 4 kg/kmol 
 helium density at T, P_relief 53.39 53.39 kg/m3 

Z 
compressibility factor for helium at flow 
condition 0.58 0.58   

Ca air gas constant 356 356   
Za air at Ta 1 1   
Ta air at room temperature 520 520 R 
Ma air molecular weight 28.97 28.97  kg/kmol 

Qa 
mass flow rate of helium during 
vaporization  6060.6 3737.1 SCFM air 

 
For the loss of beam vacuum, the total helium-to-vacuum surface area of 6.8-m2 includes the 
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surface area of eight cavities (0.84-m2 for each cavity) plus the surface area at the dipole 
corrector (0.067-m2).  For the loss of insulating vacuum, the total surface area of 8.9 m2 includes 
the area of the eight helium vessels (1.0-m2), the area of the dipole corrector (0.37-m2). 
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Appendix A-Extended Engineering Note for Exceptional Vessel 
 

Introduction  
 

 The CM2 dipole corrector, is a superconducting magnet surrounded by a helium vessel which 
will be filled with liquid helium at temperatures as low as 1.8 K. The superconducting dipole 
corrector with 8 superconducting RF cavities form the cavity string that will be installed in 
Cryomodule (CM2).  
 
Exceptional Vessel Discussion 
 
Reasons for Exception 
 
CM2 dipole corrector, as defined in FESHM Chapter 5031, are designed and fabricated following the 
ASME Boiler and Pressure Vessel Code (ref. 2). The CM2 dipole corrector, as a helium pressure 
vessel has complex geometry that is not conductive to complete design and fabrication following the 
Code. However, we show that the vessel is safe in accordance FESHM 5031. Since the vessel design 
and fabrication methods cannot exactly follow the guidelines given by the Code, that vessel requires 
a Director’s Exception. Table 1a lists the specific areas of exceptions to the Code, where in the note 
this is addressed, and how the vessel is shown to be safe. Table 1b goes into details of why the design 
or the fabrication method cannot follow Code guidelines. 
 
Analysis and use of the ASME Code 
 
The extended engineering note presents the results of the analysis that was performed on the entire 
vessel. 
 

Table 1a- Areas of Exception to the Code-Safety 
 
Item or Procedure Reference Explanation for Exception How the Vessel is Safe 
Some category A 
(longitudinal) & B 
(circumferential) welds in St. 
Steel sub-assembly are Type 
3 butt welds (welded from 
one side with no backing 
strip) 

Pg. 23, 28 Category A & B joints in St. 
steel must be either Type 1 
butt welds (welded from 
both sides) or Type 2 butt 
welds (welded from one side 
with backing strip) only 
(ref.2, UHA-21) 

The evaluation of these 
welds is based on a de –
rating of the allowable 
stress by a factor 0.6, the 
factor given in Div.1, 
table UW-12 for Type 3 
weld when not 
radiographed. 

Weld at the 2-phase helium 
pipe stub attachment to the 
vessel 

Pg. 23, 27 Not a Code-approved design Examination of the weld 
shows that it is greater in 
size than the minimum 
required thickness. 

System venting verification Pg. 24 The Code does not 
recognize relief valve set for 
pressure below 15 psig 

Please see: System 
Venting Verification in 
this note. 
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Table 1b- Areas of Exception to the Code-Design and Manufacturing Issues 
 
Item or Procedure Reason 
Some category A (longitudinal) & B 
(circumferential) welds in St. Steel sub-assembly 
are Type 3 butt welds (welded from one side 
with no backing strip) 

Use the Type 3 butt weld was driven by the 
design requirements for maximum space between 
the magnet and helium vessel inside diameter, as 
well as being historically rooted in the helium 
vessel design in use at DESY for last years. 

Weld at the 2-phase helium pipe stub attachment 
to the vessel 

Mistakenly believed it was a Code weld design. 

System venting verification Pressure relief devices do not fall under Code 
guidelines for set pressure below 15-psig. 

 
Analytical Tools 
 
Analysis was done using ANSYS Workbench 11 and MathCAD version 14. 
 
Fabrication 
 
All production drawings for CM2 Superconducting Corrector are stored online at: 
 
http://ilc-dms.fnal.gov/Workgroups/CryomoduleDocumentation/CM2-folder/Dipole 
Corrector/CM2_Dipole_Corrector.pdf 
 
The welds documents south as the available WPS, PQR, WPQ are located at Appendix C (Extended 
Engineering note) and stored online at: 
 
http://ilc-dms.fnal.gov/Workgroups/CryomoduleDocumentation/CM2-folder/Dipole 
Corrector/Weld_cert.pdf 
 
Other fabrication documents such as electronic copies of material certifications are located 
online at: 
 
http://ilc-dms.fnal.gov/Workgroups/CryomoduleDocumentation/CM2-folder/Dipole 
Corrector/Materials_cert.pdf 
 
Hazard Analysis 
 
The superconducting corrector is a part of cryomodule Cavity string. The Cavity string is located 
inside of the CM2 vacuum vessel. The vacuum vessel shell and thermal shielding are protect the 
personnel, when the Cryomodule will be operated at NML. 
 
Pressure Test 
 
The helium vessel [will be] pressure tested to 2.38 bar, which is greater than 1.16 times the MAWP 
of 2.05 bar. (Appendix D) 
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Vessel Description 
 
Drawing 858535 Rev C (Figure 5, Appendix B) shows the He Vessel CM2 dipole corrector 
weldment.    
Drawing 857295 Rev B (Figure 6, Appendix B) shows the St. Steel 316L Vessel outer shell 
weldment.   
Drawing 857305 Rev B (Figure 7, Appendix B) shows the Vessel outer shell with He-Out nozzle 
weldment.    
Drawings 858215 Rev A & 858225 Rev A (Figures 8 & 9, Appendix B) shows the Flanges vessel 
dipole corrector. 
 
The flange-to-flange length of the vessel is 300.0-mm (11.8-in).  The inner diameter of the outer 
helium vessel shell is 294-mm (11.57-in), and the outer diameter is 300-mm (11.8-in). The outer 
diameter of inner vessel shell is 82.5-mm (3.25-in), and the inner diameter is 76.2-mm (3.00-in) The 
superconducting coils are located on the inner vessel shell and welded to the inner diameter of the 
end flanges. The outer shell of the vessel is welded to the outer diameter of the end flanges.  
 
 The helium vessel for the CM2 Dipole Corrector has an internal maximum allowable 
working pressure (MAWP) of 2.0 bar at room temperature.  Analysis in the engineering 
documentation is for 4.0 bar pressure.  The external MAWP for the He vessel is 1.0 bar at room 
temperature (vacuum inside and atmospheric pressure outside).  

 A complete drawing tree is shown in Figure 4, Appendix B.  In Figure 3, the helium vessel is 
shown. The Figures 1 & 2 shows the Dipole corrector position in Cryomodule #2. 
  Normally, helium pressure up to the 2 bar MAWP is inside the CM2 He Vessel and 
surrounds the superconducting coils on inner vessel shell. “External pressure” for the helium vessel 
means pressure around the outside of the He vessel with vacuum inside the helium vessel.   
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Fig 1 RF Cryomodule #2. (Section View) 

RF Cavity 

CM2 Dipole corrector
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Fig. 2 RF Cryomodule # 2 (Cryomodule End Section View with dipole-corrector)

RF Cavity 

CM2 Dipole Corrector 
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Fig 3 –Dipole Magnet He-Vessel 
 
 
 
CM2 Vessel material properties and allowable stresses 
 
 

Vessel Material:    AISI Type 316L Stainless Steel 

-Density = 0.289 lb/in^3= 8.00 g/cm^3 

 

Allowable stress for Section II, Part D (Customary)  

(Tab 1A): 

 

S= 16700 psi = 115.1 MPa (plate) 
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Yield Strength for Section II, Part D (Customary) 

(Tab. Y-1) 

 

Sy= 25000 psi = 172.4 MPa (plate) 

-Min. Tensile Strength- 70000 psi = 482.6 Mpa 

-Min. Yield Strength- 25000 psi = 172.4 MPa 

 

Module of Elasticity for Section II, Part D (Customary) 

(Tab. TM-1) 

 

E=28.3*10^6 psi = 1.95*10^5 MPa  (T= 70 grad F) 

E=30.3*10^6 psi = 2.09* 10^5 Mpa (T= -325 grad F) 
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Vessel Outer Shell Analysis 

 
 

Internal Pressure: 
 
The outer shell of the helium vessel is made of St. Steel 316L, according to its drawing (857295, as 
shown in Figure 6, Appendix B). Its thickness is analyzed following the ASME Code, Section VIII, 
Division 1, Part UG-27, “Thickness of Shells Under Internal Pressure”. 
 
Given: 
 

584int  BarP       psi (internal pressure) 
294Di        mm (inner diameter of shell) 

 

78.5
24.25





Di
Ri  [inch] (inner radius of vessel) 

 
60.0E  (weld efficiency, UW-12, assuming single butt 

weld, no radiographic examination) 
 

 
int

int

4.02 PES

RiP
tlong 


 Longitudinal Stress 

 
 017.0longt  [inch] 

 

int

int

6.0 PES

RiP
tcircum 


  Circumferential Stress 

 
034.0circumt  [inch]  

 

circumlongcircum

circumlonglong
r ttift

ttift
t






_,

_,
int_  

 
034.0int_ rt  [inch] (minimum allowable thickness of 

helium vessel for internal pressure) 
 
The actual thickness of the shell is 3.0 mm (.118 -inch), so it meets the minimum required thickness. 
 
 

External pressure: 
 
The thickness of the outer shell is analyzed for the External pressure. (according UG-28) 
 
Given: 
 

5.141  BarPext       psi (external pressure) 
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3000 D        mm (outer diameter of shell) 

81.11
4.25

0
0 

D
D  [inch] 

 
118.0shellt       [inch] (thickness of helium vessel =3.0 mm) 

02.11
4.25

280
280  mmLshell     [inch] (total shell length) 

 

    10
118.0

81.11
/0 shelltD  

 

933.0
81.11

02.11

0


D

Lshell  (ratio needed to determine factor A) 

 

100
118.0

81.110 
shellt

D
 (ratio needed to determine factor A) 

 
 

0014.0A       determined from Fig. G in Section III, 
 Part D) 
 

10000B  determined from Fig. HA-4 in Section III, Part 
D) 

 
 

    














shell

a

t

D

B
P

03

4  

 
    0.136aP   [psi] (maximum allowable external pressure) 
 
The specified maximum external pressure is 5.14extP  psi, which is well within the maximum 
allowable. 
 

B

DP
t ext

rext 



4

3 0
_  required shell wall thickness for external 

pressure 
 

013.0_ rextt  [inch] 

 
The actual thickness of the shell is 3.0 mm (.118 -inch), so it meets the minimum required thickness. 
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The Permissible Out of Roundness of the Vessel Outer Shell  

 

 

Calculate the permissible out-of-roundness of the vessel’s cylindrical shell, following UG-80. 

 

Internal Pressure: 

 

Given: 

      57.11294  mmDi     [inch] Inner diameter of the vessel shell 

 

The difference between the maximum diameter and the minimum diameter of the vessel shell at any 
cross section shall not exceed 1% of the nominal inner diameter: 

 

min_max_116.001.0 iii DDD                    (per section UG-80 (a)(1) of ASME VIII, Div.1) 

 

The exception occurs at a cross section through or near an opening.  Here, the permissible difference 
shall not exceed 2% of the nominal inner diameter: 

 

min_max_23.002.0 iii DDD    (per section UG-80 (a)(2) of ASME VIII, 

Div.1) 

 

External Pressure: 

 

In addition to the out-of-roundness limitations prescribed for External Pressure, the shell shall meet 
the follow requirements at any cross section.  The deviation from true circular form is calculated.   

 

Given: 

81.11300  mmDo     [inch]  

118.0shellt      [inch] 

02.11280  mmLshell     [inch] 

 

1000 
shellt

D
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933.0
0


D

Lshell  

 

047.04.0  shellte  [inch] maximum permissible deviation on 
radius Fig.UG-80.1 

 
Vessel Inner Shell Analysis 
 
 

External pressure: 
 
The thickness of the inner shell is analyzed for the External pressure. (according UG-28) 
 

Given: 

 
25.3int_0 D        [inch] (outer diameter of inner shell) 

125.0int_ shellt       [inch] (thickness of inner shell =3.175 mm) 

 

906.10
4.25

277
277_  mmLshell     [inch] (total inner shell length) 

 

    10
125.0

25.3
/ int_int_0 shelltD  

 

355.3
25.3

906.10

int_0

int_ 
D

Lshell  (ratio needed to determine factor A) 

 

26
125.0

25.3

int_

int_0 
shellt

D
 (ratio needed to determine factor A) 

 
 

0028.0A       determined from Fig. G in Section III, 
 Part D) 
 

11200B  determined from Fig. HA-4 in Section III, Part 
D) 

 
 

    
















int_

0

int_

3

4

shell

a

t

D

B
P  

 
    3.574aP   [psi] (maximum allowable external pressure) 
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The specified maximum external pressure is 584  BarPext  psi, which is well within the maximum 
allowable. 

B

DP
t ext

r 



4

3 0
int_  required shell wall thickness for external 

pressure 
 

013.0extt  [inch] 
 
 
 
 

Vessel Finite Element Analysis 

 
A Finite Element Analysis has been performed on the Vessel to assess the stresses generated in 
the whole parts, due to the internal and external pressure loads. 
Figure 11 shows FEA Model mesh. The load configuration and boundary conditions adopted for 
the analysis of vessel: 

- fixed point on the face 
- internal pressure of 4 bar 

An additional analysis has been performed with the same boundary conditions and an external 
pressure of 1 bar. 
The results of the analyses are presented in Figures 12 to 13; it can be noticed that nowhere in 
the components are there stress values higher than the maximum allowable stress S for Stainless 
Steel (16700 psi). For internal pressure we have a maximum value of 9225.2 psi, (55 % of the S) 
in a very limited area, while for external pressure we reach the maximum value of 2292.9 psi (14 
% of S). 
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Figure 11– Vessel FEA model mesh 
 

 
Figure 12– Vessel Stress result (Internal Pressure) 
 
 
 

 
 
Figure 13– Vessel Stress result (External Pressure) 
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Vessel Opening Reinforcement  
 
 
    Inner pressure 
 
Helium vessel shell opening, Dr. 857305, Fig. 7, Appendix B (according Part UG-37). 
 

int

int
_ 6.0 PES

RP
t

n

n
rn 


  wall thickness nozzle required 

 
16700nS  [psi] maximum allowable stress for nozzle 

material (St. Steel 316L) 

667.0
2


d
Rn       [inch] nozzle inner radius 

60.0E  (weld efficiency, UW-12, assuming single butt 
weld, no radiographic examination) 

 
 
    04.0_ rnt   [inch] 

 
The actual thickness of the shell is 2.1 mm (.083 -inch), so it meets the minimum required thickness. 
 
The size and reinforcement for opening must follow the specification according to the Code.  
For internal pressure, the required area of reinforcement ( int_reqA ) for opening follow UG-37(c). 

 
)1(2 1int_ rrnrreq fFttFtdA   

 
335.19.33  mmd      [inch] inner diameter of opening 

 
034.0rt  [inch] required thickness of vacuum vessel 

shell for internal pressure 
 

0.1F     correction factor 
 

083.01.2  mmtn     [inch] nozzle wall thickness 
 

0.11 
v

n
r S

S
f     strength reduction factor 

 
16700vS  [psi] maximum allowable stress for vessel 

material (St. Steel 316L) 
 

045.0int_ reqA   [sq. inch] 
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Area of reinforcement available. 
 
Shell:         111int_1 12 rrshellnrshell ftFtEttFtEdA  ,  or 

       111int_1 122 rrshellnrshellnshell ftFtEttFtEttA   

 
0.11 E  weld join efficiency for nozzle that does not 

pass through a weld 
 

0340.0

,1128.0

int_1

int_1





A

orA
  [sq. inch]  (use larger value) 

 
Nozzle:      shellrrnn tfttA  2_int_2 5 ,   or 

  nrrnn tfttA  2_int_2 5  

 

0.12 
v

n
r S

S
f  weld join efficiency for nozzle that does not 

pass through a weld 
 

0328.0

,0467.0

int_2

int_2





A

orA
  [sq. inch]  (use smaller value) 

 
Weld:      2

2
int_41 5.02 rfaA   

 

078.0
4,25

2
a      [inch] fillet weld parameter 

 
0062.0int_41 A   [sq. inch]  (use larger value) 

 
1518.041int_2int_1int  AAAA  [sq. inch] 

 
The total available are of reinforcement is greater than the require area of reinforcement, so the 
opening design follow the Code. 

 
External pressure 

 

B

dP
t ext

nr 



4

3 1
_  wall thickness nozzle required 

 
5.14extP  [psi] externall pressure 

 
5.11.381  mmd      [inch] nozzle outer diameter 

 
00133.0A       determined from Fig. G in Section III, Part D 

 



 

26 
 

11500B       determined from Fig. HA-4 in Section III, 
 Part D 

 
    3

_ 1042.1 nrt   [inch] 

 
For external pressure, the required area of reinforcement ( extreqA _ ) for opening follow UG-37(c). 

 
)]1(2[5.0 1_ rshellnshellextreq fFttFtdA   

 
017.0_ extreqA  [sq. inch] 

 
Area of reinforcement available. 
 
Shell:         111_1 12 rrshellnrshellext ftFtEttFtEdA  ,  or 

       111_1 122 rrshellnrshellnshellext ftFtEttFtEttA   

 
0.11 E  weld join efficiency for nozzle that does not 

pass through a weld 
 

042.0

,140.0

_1

_1





ext

ext

A

orA
  [sq. inch]  (use larger value) 

 
Nozzle:      shellrrnnext tfttA  2__2 5 ,   or 

  nrrnnext tfttA  2__2 5  

 

0.12 
v

n
r S

S
f  weld join efficiency for nozzle that does not 

pass through a weld 
 

034.0

,048.0

_2

_2





ext

ext

A

orA
  [sq. inch]  (use smaller value) 

 
Weld:    shellrext tfaA  2

2
_41  

 

078.0
4,25

2
a

     [inch] fillet weld parameter 
 

006.0_41 extA   [sq. inch]  

 
1806.041int_2int_1int  AAAA  [sq. inch] 

 
The total available are of reinforcement is greater than the require area of reinforcement, so the 
opening design follow the Code 
 



 

27 
 

 
 
Vessel Welding Information 
 
    Weld #1 
 

Weld #1 (Appendix A, Fig. 1, Drawing # 857295) is longitudinal, Category A, according 
UW-3, UW-9 and UW-35 with full penetration. Weld # 1 is not use radiographic examination (UW-
11 and UW-12). The vessel outer shell thickness: see part “Vessel outer shell analysis” at this note. 
 

Welds ## 2&3 
  

Welds ##2&3 (Fig. 5, Drawing # 858535) are circumferential, Category B, according UW-3, 
UW-9 and UW-35 with full penetration. Welds #2 are not use radiographic examination (UW-11 and 
UW-12). The Weld #3 geometric parameters are according Fig UW-13.3, sketch (b). Vessel Flanges 
are Fig. 8 & 9 (Drawings 858215 and 858225). The parameters for inner & outer shells and flanges 
see parts “Vessel Flanges Analysis”, “Vessel Outer Shell Analysis” and “Vessel Inner Shell 
analysis”. 
 

Weld #4 
 
 Weld #4 (Fig. 7, Drawing # 857305) has Category D, according UW-3 and UW-9 with full 
penetration. Welds #4 are not use radiographic examination (UW-11).The geometric parameters 
Weld #3 meets with Fig. UW-16-1, sketch (d) ASME Code. 
 
The vendors welding support documents are located at Appendix B. 
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System Venting Verification 
 

Summary 
 
The superconducting dipole corrector with 8 superconducting RF cavities form the cavity string 
Cryomodule 2 (CM2). That Cryomodule will be installed in NML. More information about venting 
system and reliefs, see Dr. # ME-458097, “Piping and Instrumentation Diagram ILCTIA 
Cryomodule One and Feedbox” (Appendix B) 
 
 
 

Detailed Calculations for the System Venting 
 
Temperature of relief flow (CGA S-1.3—2008 paragraph 6.1.3) 
 
The CGA specifies a temperature to calculate the flow capacities of pressure relief devices for 
both critical and supercritical fluids.  The temperature to be used is determined by calculating the 
square root of fluid’s specific volume and dividing it by the specific heat input at the flow rating 
pressure.  The sizing temperature would be when this calculation is at a maximum.  For the relief 
pressure of 12-psig, the temperature is 6.0°K.  The temperature of 10.0°K is used as a 
conservative way to calculate the flow capacities and size the relief device. 
 
Primary relief sizing (CGA S-1.3—2008 paragraph 6.2.2) 
 
The required flow capacity for primary relief is calculated: 
 

 
  A*U*G*F

T1660*4

T590
Q ia 




 
 
Where: 
 

Qa primary relief flow capacity 18.04 SCFM air 
T helium temperature 18 °R 

F 
correction factor for cryogenic 
systems 1   

U 
overall heat transfer coefficient of 
insulating material 0.779(*) Btu/(hr-ft2-°F) 

Gi 
gas factor for insulated containers 
of liquid helium 52.5   

A 
arithmetic mean of the inner and 
outer surface areas of insulation 5.07 ft2 

 
(*) see reference #7  
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Fire relief sizing (CGA S-1.3—2008 paragraph 6.3.3) 
 
The required flow capacity for fire relief is calculated 
 

82.0
ifire_a A*U*G*FQ   

 
Where: 
 

Qa fire primary relief flow capacity 154.7 SCFM air 

F 
correction factor for cryogenic 
systems 1   

U 
overall heat transfer coefficient of 
insulating material 0.779 (*) Btu/(hr-ft2-°F) 

Gi 
gas factor for insulated containers 
of liquid helium 52.5   

A 
arithmetic mean of the inner and 
outer surface areas of insulation 5.07 ft2 

 
(*) see reference #7 
 
Secondary relief sizing – Loss of  Corrector Magnet (Beam) Vacuum and Loss of Insulating 
Vacuum 
 
The secondary relief requirement considers two independent scenarios in calculating the helium 
boil-off:  helium vaporization due to the loss of dipole Corrector magnet (beam) vacuum and 
helium vaporization due to the loss of insulating vacuum.  The helium boil-off during the loss of 
dipole Corrector Magnet vacuum is calculated based on the total surface area of the Magnet, 
which is 3756-cm2 (0.37-m2).  For a loss of magnet vacuum due to an air leak, the heat flux of 
2.0-W/cm2 is used (8).  For helium at the relief pressure of 12.0-psig, the heat absorbed per unit 
mass of efflux, equivalent to a latent heat but including the effect of significant vapor density is 
14.5-J/g.  The maximum mass flow rate can be calculated: 
 

LH

QA
m

magnet
magnet

*_
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Where: 
 

m_magnet (1) Mass flow rate 187 g/sec 

A magnet 
Total surface area of corrector 
magnet to beam 0.067 m2 

    677.9 cm2 

LH 

Effective latent heat @ 5K 
(maximum specific heat input for 
12-psig) 14.5 J/g 

Q 
Heat efflux due to air leak into 
magnet 4 W/cm2 

 
 
 

m_magnet (2) Mass flow rate 518 g/sec 

A magnet 
Total surface area of corrector 
magnet to vacuum 0.37 m2 

   3755.8 cm2 

LH 

Effective latent heat @ 5K 
(maximum specific heat input for 
12-psig) 14.5 J/g 

Q 
Heat efflux due to air leak into 
magnet 2 W/cm2 
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Appendix B – Drawings 
 

 

 
 
 

Figure 4–CM2 Dipole Box (drawing tree)
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Figure 5– CM2 He-Vessel XFEL Magnet WLDMT (Drawings 858535) 
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Figure 6– Shell He magnet Vessel (Drawing 857295) 
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Figure 7– CM2 Shell dipole  weldment (Drawing 857305) 
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Figure 8– CM2 Flange XFEL Vessel Upstream (Drawing 858215) 
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Figure 9– CM2 Flange XFEL Vessel Downstream (Drawing 858225) 
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CM1 Piping and Instruments diagram (Dr. # ME-458097)
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Appendix C –Support documents by vendors. (WELDING) 
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Test Procedure 
 
The table bellow shows the pressure levels for each pause and what should be done at that pressure. 
Total time for the test, not including setup and tear-down time, will about 20 minutes. 
 
Pressure (psig) (psig equals 
differential pressure for this test) 

Dwell time (minutes) Activity at pressure 

0 --  
9.0 As needed Snoop line fitting 
17.0 As needed Snoop line fitting 
20.5 ~1  
24.0 As needed  
27.0 ~1  
31.0 As needed  
34.5 5 Peak test pressure of 1.15 x MAWP 
30.0 10* Test pressure hold point 
25.0 As needed  
17.0 As needed Visual inspection 

0 --  
 
*The pressure hold point of 30 psig is approximately the MAWP. Dwell time in set long enough to assure us that 
pressure is not dropping. 
 

TEST SETUP 

 
 

Test Pressure                   PI-2                                PSV 
        34.5 psig                       0-100 psig                       35.4 psig relief 



 

49 
 

 
 
 
 
References 
 

1. Fermilab’s ES&H Manual Chapter 5031 (Pressure Vessels). 
2. ASME, Boiler & Pressure Vessel Code, 2007. 
3. DOE, Federal Register, 10 CFR Part 851, Appendix A, Section 4 (“Pressure Safety”), pg 

6941, February 2000 
4. Compressed Gas Association, “CGA S-1.3-2005:  Pressure Relief Device Standards Part 

3 – Stationaery Storage Containers for Compressed Gases,” 7th Edition, 2005. 
5. Kropschot, R.H., et al, Technology of Liquid Helium, National Bureau of Standards 

Monograph 111, U.S. Department of Commerce, October 1968. 
6. “Pressure Vessel Engineering Note for the 3.9-GHz Helium Vessel, Cavity #5”, IND-

102, July 2008. 
7.  “Pressure Vessel Engineering Note For the 1.3-GHz Helium Vessel, Dressed Cavity 

AES-4“, IND-138, April 2009. 
 

 


