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1. Introduction

This Safety Note covers a  pressure vessel and associated inert gas system for a physics research 

experiment involving neutrinoless double beta decay, using Xenon gas. The heart of the system is a pressure 

vessel recently acquired by LBNL from LLNL. There are new components both purchased, and LBNL designed (in 

accordance with ASME Boiler and Pressure Vessel Code Section VIII, Div. 1, 2007), which will be attached to this 

pressure vessel, which are treated in this note. This Safety Note is to assure that the Experiment meets LBNL 

Pressure Safety requirements of PUB-3000. Under PUB3000, sec 7.6.1, it is classified as a High Hazard Pressure 

System, since there are gas pressures above 150 psig. An AHD is not required for the Xenon or Argon gases, nor 

any of the other materials inside, but there may be pressure and process hazards, so an AHD will be formulated. 

 The pressure vessel will enclose a small detector called a Time Projection Chamber (TPC) with Xenon gas 

used as both the electron drift volume and for electrical insulation. The vessel was designed by LLNL, and used at 

LLNL from 2000-2009 for a similar purpose, and has not been modified from the original design. LLNL Mechanical 

Engineering Safety Note MESN99-020-OA (1999) contains the vessel design calculations, performed in 

accordance with ASME Boiler and Pressure Vessel Code Section VIII (1995), and is included here in the 

Appendix. It includes pressure testing procedures. Also included is a copy of the original pressure test at LLNL for 

the vessel and head. The attached components consist of a  2" diameter high vacuum/high pressure valve, a 

Kimball physics octagonal vacuum chamber, a spool connecting the octagon to the vessel lid, assorted cabling 

feedthroughs, and a gas handling system composed of small diameter high pressure metal  tubing, purifiers, 

valves, and pumps. The gas system includes a cryogenic Xenon reclamation cylinder, which was designed, built, 

and tested by Acme Cryogenics for LLNL, for 3000 psi MOP. We will be using it here at LBNL up to a pressure of 

950 psi MOP. Its design calculations and test report are also included in the Appendix (LLNL M.E. Safety Note 

MESN99-038-OA).  The pressure vessel is shown below:
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Fig. 1 Main pressure Vessel, 850 psig MOP Fig. 2 Flat Heat for 350 psig MOP (CF seals)

Pressures for use at LBNL

Maximum Operating Pressure Maximum Allowable Working Pressure

PMOP 300psi:= PMAWP 350psi:=

Initial Maximum Operating and Allowable Working Pressures (to be used initially with existing Ceramtec 

SHV-20 connectors (see below) until higher 

rated feedthroughs are obtained)
PMOP_i 225psi:= PMAWP_i 250psi:=

Fig. 3 LBNL configuration: pressure vessel with cabling extension spool, octagon vac. cham. &  gas sys. 
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Fig. 4, Cross Section, longitudinal-vertical

2. System Description  and Basic Operation

The main pressure vessel is approximately 8 inches in diameter and 14 inches long, (inside volume), and 

fabricated from 316L and 304 stainless steel. It will be operated at LBNL at a 300 psig maximum operating 

pressure (MOP), with a maximum allowable pressure (MAWP) of 350 psig. Minimum pressure is high vacuum. The 

main vessel was designed for operation up to 850 psig MOP, with a section of the chamber operated at LN2 

temperature. There are two flat heads for it, only one of which will be used at LBNL, this head has an MAWP of 

406 psig. At LBNL, the chamber will be used with inert gases only, mainly Xenon and Argon, as well as high 

vacuum. It will be operated only in temperature range of  room temperature to 50C; the cryogenic section will not 

be used, and it will be labeled as such to prohibit use. An associated gas system is used to supply gas to the 

chamber, to pressurize and depressurize the vessel, and to circulate Xenon continuously through the detector, 

primarily to purify the Xenon gas to a high purity state, but also to eliminate any thermal convection currents from 

electronics inside the vessel. Argon may be used for initial flushing of air, H20, etc. when the vessel is first 

assembled, and perhaps for leak checking under pressure.  A 5.4L stainless steel Xenon reclamation cylinder is 

used to condense/ freeze out Xenon in order to open up the vessel without venting the Xenon. It will be left open 

during some operations, and so is considered part of the vessel volume. The total system stored energy is 54 kJ 

for either of these monatomic gasses @MAWP = 350 psig. A schematic is shown below:
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Fig. 5 Gas System Schematic

Operation of the system is treated in detail in section 8, Gas System below, and in the AHD (to be prepared). The 

basic sequence is essentially:

1. All valves, except the gas cylinder and vacuum purge valves, are opened (including the reclamation cylinder) and 

the system is pumped down to a high vacuum. Argon may be used for an initial flush, or to provide for a purge when 

the system is opened.

2. The vacuum valve is then shut and the system (including reclamation cylinder) is filled with Xenon to 300 psig 

(225 initially) at room temperature.

3. The dewar is filled with LN2; this freezes out the Xenon into the reclamation cylinder, which is then valved off.

4. The main system is refilled with Xenon to to 50 psig, and step 3 is repeated. This step charges the reclamation 

cylinder with a small amount of extra Xenon to provide for quicker refilling of the main system.

5. To fill the main system at the desired pressure,  the reclamation cylinder is opened and regulated flow is let back 

into the vessel until the desired pressure is reached. Heaters on the reclamation cylinder may be needed to warm 
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the gas, as it will cool upon expansion; a maximum temp. of 50C is used. The gas will cool upon expanding 

through the regulator, and the pressure will be lower than 300 psig (225 psig initially)  until the gas warms up to 

room temperature. Line heaters on the refill line may be needed to reduce the amount of time  needed to come 

back to room temperature.

6. The pump is then operated to circulate the Xenon through the main pressure vessel and through the gas purifiers. 

The gas flow rate is varied as needed, using the pump controller, and only one gas purifier is used at a time. The 

reclamation cylinder valve is left open during operation.

4. To open the main pressure vessel for service (to TPC), step 3  is repeated.

5. After closing the main pressure vessel after TPC service and pumping it down to high vacuum, step 5 is repeated.

Pressure Safety Assurance There are five pressure zones in the system:

1. Main Vessel with attached components, 350 psig MAWP, protected by 350 psig relief valve on main vessel (a 

250 psig relief valve will be installed initially until high pressure SHV-20 connectors are procured and installed).

2. Gas supply and purifier loops 1000 psig MAWP,  protected by 450 psig relief valve.

3. Reclamation cylinder, 3000 psig MAWP, protected by 1500 psig relief valve.

4. The gas supply cylinders themselves have their burst disks behind their valves, per standard gas cylinder 

practice. 

5. The vacuum system has a 10 psig burst disk on the vacuum side. 

Hazards Analysis

There are no toxic, flammable, biological, or radioactive gasses or materials inside the vessel with the 

possible exception of some small low intensity sealed gamma sources. The inside detector is composed of 

common metals, Teflon, Mylar, Kapton and PEEK polymers, glass, signal cabling and some semiconductor ICs. 

There will be high voltage components inside, operating as high as +/-20 kV, but at low stored energy, and there 

will be no organic liquids, gases, or aerosols, and no oxygen present when operating, so there is no explosion 

hazard. There are 19 photomultiplier tubes (PMTs) 1 inch diameter by 2 inches long which are known to withstand 

use at 20 bar; they have the possibility of imploding under excessive pressure, but this is not expected to create 

any hazard from excessive transient pressure, or other hazard since they are surrounded by a dense gas, not a 

liquid, as is the case in some neutrino detectors. These PMTs will be hydrostatically pressure tested before use at 

125% MOP = 375 psig. There are no toxic or radioactive materials inside the PMT's. These PMTs are the limiting 

factor for the experiment, and set the MOP to 300 psig. There are, initially two SHV-20 high voltage feedthrus that 

are rated for use at 250 psi; this is the lowest MAWP of the entire system and thus a 250 psig relief valve will be 

initially installed on the pressure vessel until a high pressure (800 psig MAWP) version of this feedthrough is 

procured; at which time the MAWP will be changed to 350 psig. 

There will be people present near the vessel when it is under full pressure. Under PUB3000, sec 7.6.1, it is 

classified as a High Hazard Pressure System, since there are gas pressures above 150 psig. An AHD is not 

required for the Xenon or Argon gases, nor any of the other materials inside, but there may be pressure and 

process hazards, so an AHD will be formulated. 

Main Vessel Description

The chamber is constructed from Schedule 80 316L S.S. pipe and the flanges and heads are 304 S.S. (if 

not 304L). There are no brittle materials used. Welds were made by ASME certified welders according to the LLNL 

Note. Welds were designed with an efficiency factor of 0.7 to eliminate the need to radiograph welds.

As mentioned above, the main vessel has a Maximum Operating Pressure (MOP) of 850 psig when used 

with a specially made blank flat head which seals against the vessel flange with a C-type face gasket. Maximum 

allowable Pressure (MAWP) is 976 psig with this head. This vessel and head combination has been pressure 

tested to 1.5xMAWP=1467 psig. However there is no plan to operate the vessel at LBNL using this head.

It has an MOP of 350 psig when used with a different specially made flat head (labeled AAA- 99-104240-00) 

which has a number of openings for instrumentation, each of which  seals with a CF-type (conflat) flange. This flat 
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LN2 extension (cold probe)

doct 8in:= loct 3.0in:= Kimball octagon for cabling

dspool 2in:= lspool 10in:= connection spool, flat head to octagon

dtubing 0.5in:= ltubing 20ft:= gas system tubing and purifiers (est.)

dvalve 2in:= lvalve 4in:= high pressure volume of closed vacuum valve and tank stub

drc 3.43in:= lrc 36in:= reclamation cylinder 

head is not a standard CF type flange but has increased thickness and uses double the number of clamping bolts. 

It seals using a standard CF gasket and knife edge design, however. Maximum allowable Pressure (MAWP) is 406 

psig. It has been pressure tested to 1.5xMAWP = 609 psig with this head (openings blanked off).

 The Vessel can only, and will only be used at LBNL with the 350 psig MOP head. There are a number of 

valves, pipes and electrical feedthru's that will attach to the head and vessel; all will be either rated by the 

manufacturer for 350 psig operation (MAWP at min.), and, if not, will be analyzed  for pressure safety and pressure 

tested, either in conjunction with this vessel or separately. The strength of this vessel and head have no 

dependency on any attached components, nor do any attached components rely on this vessel or head for strength.

As stated above, there are no toxic, flammable, biological, or radioactive gasses or materials used inside 

the vessel with the exception of some small low intensity sealed gamma sources. Argon gas will be used as a 

purge gas, most likely at low pressure but perhaps up to the MOP e.g. for leak checking. There is a cold probe 

welded to the main tank vessel which was used to condense Xenon inside the vessel, using a surrounding dewar of 

LN2, however, there are no plans at LBNL to use this feature, and it will be labeled to prohibit use.

As stated above, there are also some new components which will be attached to the vessel and flat head, 

some of which are pressure rated by the manufacturer, some which are not rated by the manufacturer but which are 

suitable for safely holding pressure, and some which will be designed and built by LBNL. These latter two 

categories are analyzed in this note for sufficient strength and will be proof tested separately.

LLNL Safety Note MESN99-020-OA (1999) shows calculations performed in accordance with ASME 

Pressure Vessel Code Section VIII-1-1997. The analysis appears to be fairly complete and correct with respect to 

ASME Pressure Vessel Code Section VIII-1-2007, which this author has access to. There is an analysis of the 350 

psi MOP head which uses a non-ASME method involving stress concentration factors, however there is also an 

analysis based on ASME methods. This document is reproduced in the Appendix. Also in the Appendix are the two 

pressure test reports from LLNL, plus two notes on pressure capacity of CF flanges, one from LLNL and one from 

ANL.

What follows are basic calculations for this experimental system and additional calculations for the added 

components: 

3. Basic System Calculations

Stored Energy, U, @ 350 psig MAWP

from PUB3000 , Chapter 7, Appendix E:

where:

Ph PMAWP 14.7psi+:= Ph 364.7 psi= Pl 14.7psi:= γ 1.666:= (for monatomic gases)

Volume includes vessel, cabling octagon, connecting spool, valve and gas system tubing:

dves 7.63in:= lves 13.5in:= main vessel inner dimensions

dLNxt 2in:= lLNxt 8in:=
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Tr

Tamb

Tc_Xe

:=
Tr 1.04=

Compressibility Factor:
from chart for pure gasses shown below

ZXe_20bar 0.88:=

ref: A Generalized 

Thermodynamic Correlation 

based on Three-Parameter 

Corresponding States, B.I.Lee & 

M.G.Kesler, AIChE Journal, 

Volume 21, Issue 3, 1975, pp. 

510-527' (secondary ref. 

from:http://www.ent.ohiou.edu/~-

thermo/

Fig. 6 Compressibility Factor, pure gasses

Number of moles: molar density

nXe

PMOP Vh⋅

ZXe_20bar R⋅ Tamb⋅
:= nXe 18.793 mol= ρmol

nXe

Vh

:= ρmol 0.942
mol

L
=

Weight:

WXe Ma_Xe nXe⋅:= WXe 2.47 kg=

Volume of LXe in reclamation cylinder (at freeze-out)

Vh
π

4
dves

2
lves⋅ dLNxt

2
lLNxt⋅+ dspool

2
lspool⋅+ doct

2
loct⋅+ dtubing

2
ltubing⋅+ dvalve

2
lvalve⋅+ drc

2
lrc+



⋅:=

Vves
π

4
dves

2
lves⋅:= Vves 10.115 L=

Vh 1.2 10
3

× in
3

= Vh 19.9 L=

Stored Energy @ 350 psig MAWP

Uv

Ph Vh⋅

γ 1−
1

Pl

Ph









γ 1−

γ

−













:= Uv 54 kJ=

Mass of Xenon in System at operating pressure

PMOP 300 psi= R 8.314J mol
1−

⋅ K
1−

⋅:= Tamb 300K:= Ma_Xe 131.3gm mol
1−

⋅:=

Critical Pressure, temperature of Xenon:

Pc_Xe 58.40bar:= Tc_Xe 15.6K 273K+:=

reduced pressure:

Pr
315psi

Pc_Xe

:= Pr 0.361=
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ref :Thermophysical Properties of 

Neon, Argon, Krypton, and Xenon 

V.A. Rabinovitch, A.A.Vasserman, 

V.I Nedostup, L.I. Veksler, 

Hemisphere Publishing Co (1985) 

via:

A Portable Gamma Ray 

Spectrometer using Compressed 

Xenon G.J. Mahler, et. al. IEEE 

Trans. Nuc. Sci. 45(3) p. 

1029(1998)

Alternately, we can use a pressure density curve:

close enough to guessPrc 873 psi=Prc 58.4 bar=Prc

nXe ZXe_rb_press⋅ R⋅ Tamb⋅

Vrc

:=

ZXe_rb_press .7:=

from chart above:

Tr_hot 1.12=Tr_hot

Thot

Tc_Xe

:=Thot 273 50+( )K:=

Pr_rc 1.032=Pr_rc

Prc_guess

Pc_Xe

:=

Prc_guess 60.2 bar=Prc_guess 3 PMOP⋅:=

ρmol_rc 3.448
mol

L
=ρmol_rc

nXe

Vrc

:=

we need to guess initial value and iterate to find Z. From Lee-Kesler chart above it looks like it could be as low 

as 0.4, but heated to 50C it could be:

Pressure in Reclamation Cylinder 

Vrc 5.451 L=Vrc
π

4
drc

2
⋅ lrc⋅:=

Xenon reclamation cylinder volume

VLXe 0.809L=VLXe

WXe

ρLXe

:=

density: 
@ boiling, 1 bar, -101.8CρLXe 3.05

gm

mL
:=
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Note: manufacturer has agreed to weld valve to  a 4 5/8" CF flange and pressure certify to 350 psig MOP. 

Nevertheless, here are some calculations. We see that the pressure capability of this valve, in the closed 

position will be determined by the wall thickness B. From ASME Section VIII UG-27 Thickness of Shells under 

Internal Pressure:  

Fig. 9  Carten HF2000 process valve dimensionsFig. 8  Carten HF2000 process valve

Valve is a Carten HF2000 process valve which is designed not only to hold high vacuum, but also to hold high 

pressure:

4. Vacuum Valve:

@50CUrc 43 kJ=Urc

Pmax_rc Vrc⋅

γ 1−
1

Pl

Pmax_rc









γ 1−

γ

−













:=

Stored Energy in Reclamation cylinder

Ptyp_max_rc 852 psi=Ptyp_max_rc 57bar:=

Note: The reclamation cylinder will not be heated when condensing out, or when full. It will only be heated as needed 

to assist in refilling; this will only happen at a low pressure, after the vessel has been mostly refilled. As such it's 

typical maximum pressure will be determined by the room ambient temperature. Assuming this is 30C:

at 50C, which is the maximum temperature we expect to see.

The gas purifiers have a maximum temperature of 40C.
Pmax_rc 941 psi=Pmax_rc 63bar:=

we find a maximum pressure of 

ρmass_rc 0.453
gm

cm
3

=ρmass_rc ρmol_rc Ma_Xe⋅:=
for 

Fig.  7 Pressure-Density Curves for Xenon
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OK tneck_min_circ 0.025 in=tneck_min_circ

PMAWP Ri_neck⋅

S304 Ew⋅ 0.6 PMAWP⋅−
:=

Ri_neck 1.0in:=tneck .065in:=

inner radiuswall thickness

S304 20000psi:=

Flange is fabricated (typically) from 304 plate. Strength of 304 plate, also from Section II, Materials pgs. 90,92: 

STP304 20ksi:=

note: lower 17 ksi values include joint efficiency E= 0.85 (N.A. here)

pg. 92pg. 90

From ASME Pressure Vessel Code (2007) Section II, Materials

Pipe and Tube:

Maximum Allowable Stress, 304 stainless steel:

(est.)Ew 0.7:=PMAWP 350 psi=

Weld efficiencyMAWP 
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First we calculate minimum thickness required for tube to support weight of octagon and cables. This weight load 

occurs before the angle bracket restraint can be tightened and is "frozen in by the bracket" before pressure is 

applied. The load produces a bending moment on the tube which is highest where it is welded to the 2.75 in CF 

flange. This results in a longitudinal stress. We will then add this minimum thickness to that calculated for 

longitudinal stress  due to pressure.

Weights:

octagon cabling and feedthrus CF flanges source insertion tube and flange

loct 0.076m=
Woct 13lbf:= Wcables 5lbf:= W6in_CF 5.5lbf:= Wso_tube 2lbf:=

Wcp_tot Woct Wcables+ 2 W6in_CF⋅+ Wso_tube+:=

Msp_tube ltube 0.5loct+( ) Wcp_tot⋅:= Msp_tube 341 lbf in⋅=

Isp_tube
π

64
do_sp_tube

4
di_sp_tube

4
−



:= Isp_tube 0.16 in

4
=

tneck_min_long

PMAWP Ri_neck⋅

2S304 Ew⋅ 0.4PMAWP+
:= tneck_min_long 0.012 in= OK 

5. Spool 

A connecting spool will be attached to the central 2.75" CF integral flange of the 350 psi MOP head. This spool 

will carry signal and power cabling to a Kimball Physics octagon vacuum chamber (AKA octagon) having (8) 

2.75" CF ports. The spool has a 2.75" CF flange on one end and a 6" CF flange on the other end. To prevent 

additional  loading of the tube from impact or handling forces applied to the octagon or attached cabling, the 

octagon will be secured by an angle bracket to the table top, which is a 3/4" thick aluminum plate. See figs 3, 

4.  We include moment from static weight of octagon and cabling  per subsection UG-22 Loadings:

Fig. 10, Spool cross section

Spool Tube 

Spool tube is a 1.25" schedule 10S pipe TP304 stainless steel, per ASME SA-312 specification (ASTM A 312)

spool tube diameter, length,thickness, inner radius:

do_sp_tube 1.66in:= ltube 9.5in:= tsp_tube .109in:=

di_sp_tube do_sp_tube 2tsp_tube−:= Ri_sp_tube 0.5di_sp_tube:= Ri_sp_tube 0.721 in=
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From fig. UW-12  welds on both ends of tube are   type 4 double full fillet welds, Category C weld (subsection 

UW-9 Design of Welded Joints , fig. UW-3) of type (n) below  and must conform to rules in the figure

Weld design:

This total required thickness is greater than that required for circumferential pressure, but still less than actual 

thickness.

OK tsp_tube_long_total 0.044 in=tsp_tube_long_total tsp_tube_min_long tsp_tube_M+:=

Adding the two minimum thicknesses required for longitudinal stress:

OK tsp_tube_min_long 0.011 in=tsp_tube_min_long

PMAWP Ri_sp_tube⋅

2STP304 Ew_fw⋅ 0.4PMAWP+
:=

OK tsp_tube_min_circ 0.023 in=tsp_tube_min_circ

PMAWP Ri_sp_tube⋅

STP304 Ew_fw⋅ 0.6 PMAWP⋅−
:=

Minimum tube thickness required for pressure load, as above, from UG-27:

tsp_tube_M 0.033 in=tsp_tube_M

Msp_tube 0.5⋅ davg_sp_tube

π

16
davg_sp_tube

3
STP304⋅ Ew_fw⋅

:=

Ew_fw 0.55:=Solving for t (we need weld efficiency E):
from Table UW-12 (see 

weld calc below)

double fillet weld

σ S E⋅:=σ
M c⋅

π

16
d

3
t⋅

:=σ
Mc

I
:=

Isp_tube2
π

16
davg_sp_tube

3
t⋅:=

Note: Equations (assignments) which have a small black 

square in their upper right corner are disabled  (not active).

davg_sp_tube 0.5 di_sp_tube do_sp_tube+( ):=

Since ASME Pressure Vessel code calculates required thickness, we can perform a similar calculation for the 

minimum thickness required to withstand the applied  bending moment and add this thickness to that require for 

pressure containment. Using an alternative approximate formula for moment of Inertia, I (using average diameter 

and thickness):

σsp_tube_mom 1763 psi=σsp_tube_mom

Msp_tube 0.5⋅ do_sp_tube

Isp_tube

:=
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We can use mathCAD's ability to analyze a large number of CF flanges simulataneously. The following 

calculations are parallel calculations (not matrix or vector calcs). Read straight across from desired flange size, 

First we consider blank flanges, then consider those with central openings no larger that 0.5D; these are both 

considered flat unstayed heads. This is the case for the 6 in CF flange of the spool connecting to the octagon, 

and also for the  6 inch CF flange on the back of the octagon, which will have a central 2.75CF (1.5in dia) 

opening. From subsection UG-34, Unstayed Flat Heads and Covers : 

CF flange calcs 

OK 3tn_sp 0.327 in=>asp bsp+ 0.351 in=

OK tn_sp 0.109 in=>csp 0.113 in=

weld criteria for fig (n) above:

bsp hi_sp:=asp 0.269 in=asp tsp_tube ho_sp+:=

tn_sp tsp_tube:=csp 0.113 in=csp
2

2
ho_sp:=

dimensions for fig (n) above:

ho_sp .16in:=
hi_sp .082in:=

outer 
inner 

weld  dimensions:
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We have several choices here, use the flange mfr.'s recommended bolt torque (TCF_MDC), a torque found to pull 

flanges together (TCF_ANL; see ANL note in Appendix) or use a value bolt torque (Trec) back calculated to 

withstand the required pressure (times a suitable safety factor) without exceeding ASME  allowable flange 

stress for loose flanges, which the 2.75 OD flange is. This is the controlling configuration, and is  treated in the 

section below for Flanges with Large Central Openings. It turns out that higher torques are not necessarily 

better, the additional edge moment creates flange stresses higher than allowed. If the joint fully closes (flange 

faces fully touching under bolts), then the joint design is changed and edge moment is reduced or eliminated, 

however this is not a reliably achievable condition. The Appendix contains a note testing this method (no 

pressure tests however).  We use this back calculated torque Trec (recommended torque) below by assigning 

Trec to TCF: Note that under ASME code Section VIII, non mandatory Appendix S-1 certain allowances can be 

made to use higher than calculated bolt tensions if needed in order to achieve sealing under unusual 

circumstances. Use of annealed copper gaskets is recommended. Sustituting elastomeric O-rings (Vition, 

Buna-N, PTFE) is also possible; this eliminates edge moments from tightening. The procedure here will be to 

start by using annealed Copper gaskets; tightening bolts initially to Trec  then leak checking during pressure 

testing; additional torque is to be used only if necessary. Safety will achieved via the pressure test, and also by 

noting the previous experience and testing of others as documented in  the LLNL Safety Note END 92-072 (in 

Bolt Load W:

hfl

.05

.05

.05

.05

.05

.05

.05

.05

.05

.05































in:=dbolt

.16

.25

.3125

.3125

.3125

.3125

.3125

.3125

.3125

.375































in:=tnomCF

.285

.47

.5

.62

.68

.75

.78

.88

.97

1.12































in:=dbc

1.062

1.625

2.312

2.85

3.628

4.03

5.128

7.128

9.128

12.06































in:=ODCF

1.33

2.125

2.75

3.375

4.5

4.625

6

8

10

13.25































in=

Height of bolt flangeBolt dia.Flange thicknessBolt circle dia.Flange size

Fig. 11 CF (conflat) flange dimensions

dke

.72

1.09

1.65

2.20

3.04

3.35

4.54

6.54

8.54

11.35































in:=NCF

6

4

6

8

8

10

16

20

24

30































:=ODCF

1.33

2.125

2.75

3.375

4.5

4.625

6

8

10

13.25































in:=

Knife edge diameterNumber of boltsFlange size

ODCF  , in order to find associated quantities:
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tCF

0.235

0.42

0.45

0.57

0.63

0.7

0.73

0.83

0.92

1.07































in=
ODCF

1.33

2.125

2.75

3.375

4.5

4.625

6

8

10

13.25































in=

tCF tnomCF hfl−( )
→

:=

Flange Thickness, 

effective:

WCF

1463

4800

4608

9984

19200

18240

29184

40320

50688

72000































lbf=ODCF

1.33

2.125

2.75

3.375

4.5

4.625

6

8

10

13.25































in=

WCF

NCF 5⋅ TCF

dbolt

→

:=

Total Bolt Load:

TCF Trec:=

Torque Used:

Trec

.65

5

4

6.5

12.5

9.5

9.5

10.5

11

15































lbf ft⋅:=TCF_MDC

7

12

15

15

15

15

15

15

15

26































lbf ft⋅:=TCF_ANL

40

163

163

197

217

190

217

246

260

330































lbf in⋅:=ODCF

1.33

2.125

2.75

3.375

4.5

4.625

6

8

10

13.25































in=

from ref. 3, 

ANL CF 

pressure 

capacity 

document, 

torque 

required to 

pull CF 

flanges fully 

together 

Torques, bolt

Appendix), showing that CF flanges will leak before breaking from pressure loads. 
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radial distance from 

gasket load center to 

bolt circle:

ODCF

1.33

2.125

2.75

3.375

4.5

4.625

6

8

10

13.25































in=
hg 0.5 dbc dke−( )

→
:= hg

0.171

0.267

0.331

0.325

0.294

0.34

0.294

0.294

0.294

0.355































in=

E 1:= Cj 0.3:=

Solving for pressure in eq (2) above:

All pressures are greater than:
Pj

S304 E⋅

Cj

tCF
2

dke
2

1.9 WCF⋅ hg⋅

S304 E⋅ dke
3

⋅

−











→

:= Pj

2858

3619

2808

2545

1591

1866

1143

805

622

482































psi=
PMAWP 350 psi=

so all CF blank flanges are suitable for use, 

when torqued to Trec

CF gasket calculations

From Appendix 2 Section VIII-Div. 1 Rules for Bolted Flange Connections with Ring type Gaskets subsection 

2-5, Bolt Loads:
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CF Blank Flange maximum opening diameter:

We see that the gasket preloading requirement Wm2 is easily exceeded by the actual preload WCF, and that the 

gaskets can theoretically hold far higher pressure than necessary (350 psi). 

WCF

1463

4800

4608

9984

19200

18240

29184

40320

50688

72000































lbf=compare-->Wm2

980

1444

2146

2836

3889

4278

5770

8278

10786

14310































lbf=Pm1

1223

2290

1191

1640

1847

1487

1400

1001

768

639































psi=ODCF

1.33

2.125

2.75

3.375

4.5

4.625

6

8

10

13.25































in=

Wm2 3.14bke G⋅ yCu_flat⋅:=

and eq(2):

Pm1 pm1 WCF⋅( )
→

:=

pm1
1

0.785G
2

2πbke mCu_flat⋅ G⋅+





→
:=

solving eq (1) above for maximum pressure, (in two stages, to allow concurrent calculation)

outer diameter of effective compressed gasket areaG dke 2bke+:=

bke 0.031 in=

.0384 in. measured from 2.75 in flange MDC CAD model; assume same for all flangesbke 80% .0384⋅ in:=

effective width b is taken to be 80% of the width of the interference (.0384 in) of the knife edge (to allow for less 

than full joint closure) and the gasket (.08" thk.):

yCu_flat 13000psi:=mCu_flat 4.75:=

for flat copper gaskets (from Table 2-5.1):

where G is the gasket diameter
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CF flanges with large central openings (ID>0.5OD):

Note that the above bolt torques, calculated to give maximum 

allowable flange stress, essentially "use up" the reserve thickness 

in the flange so that only small central openings are permitted. 

These torques can be modified if needed to give larger central 

openings. 

di_max_CF

0.199

0.342

0.446

0.537

0.554

0.695

0.658

0.672

0.563

0.117































in=di_max_CF

Arein_CF

tCF

→

:=

Maximum central opening diameter:

Arein_CF

0.047

0.144

0.201

0.306

0.349

0.487

0.48

0.558

0.518

0.125































in
2

=Arein_CF 0.5 ODCF⋅ tCF tmin_CF−( )⋅ 
→

:=

Area available for reinforcement

tCF tmin_CF−

0.07

0.135

0.146

0.181

0.155

0.21

0.16

0.14

0.104

0.019































in=
tmin_CF

0.165

0.285

0.304

0.389

0.475

0.49

0.57

0.69

0.816

1.051































in=

thickness available for reinforcementminimum flange thickness

tmin_CF ODCF

C PMAWP⋅

S304 E⋅

1.9WCF hg⋅

S304 E⋅ ODCF
3

⋅

+⋅










→

:=

(assume stock flanges onlyE 1:=weld efficiency:

C 0.3:=from sketches (j), (k)

The 2.75 inch CF flange of the spool does not meet the above requirement,and is considered a loose flange, in a 

subsequent section. Nevertheless it is useful at this point to check to see if flanges that meet the requirement above 

are adequately reinforced for MAWP. Assume in formula above, that nozzle thickness is zero. First we determine 

minimum thickness required: t ( here tmin).  From subsection UG-34 :
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Bolt Torque used:

Y

2.726

2.731

4.47

3.885

3.474

4.659

4.961

6.903

8.83

9.406































=Y
1

K 1−
0.66845 5.717

K
2

log K( )⋅

K
2

1−











⋅+





















→

:=K

2.128

2.125

1.571

1.688

1.8

1.542

1.5

1.333

1.25

1.233































=K
A

B

→

:=

B

0.625

1

1.75

2

2.5

3

4

6

8

10.75































in=B IDCF:=IDCF

.625

1

1.75

2

2.5

3

4

6

8

10.75































in:=A

1.33

2.125

2.75

3.375

4.5

4.625

6

8

10

13.25































in=A ODCF:=

Flange 

maximum 

inner 

diameter 

(from MDC 

catalogue)

First, compute several factors:

From mandatory Appendix 2,  subsection 2-7 Flange Stresses: 

Flange Stresses:

M0

250

1284

1525

3245

5645

6202

8580

11854

14902

25560































lbf in⋅=M0 WCF hg⋅( )
→

:=M0 W
C G−( )

2
⋅:=

Flange Moment

For the small 2.75 inch flange on the spool (or for any central opening larger than that computed above) we 

consider this as a loose flange, per mandatory Appendix 2 of Section VIII- Div. 1, Rules for Bolted Flange 

Conections with Ring-type Gaskets, subsection 2-4 Circular Flange Types, as the attached tube does not 

contribute any strength to the flange. From subsection 2-6 Flange Moments: 
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Fig. 13, section area measurements, octagon

Along 1.626 in
2

=Along 4 0.329 0.0775+( )⋅ in
2

:=Acirc 1.083 in
2

=Acirc 2 0.5415⋅ in
2

:=

Areas, minimum of half cross sections:

Fig. 12 Kimball Physics octagonal vacuum chamber ("octagon") 

This is a 304 stainless steel machined octagonal vacuum chamber. It has eight 2.75 in CF ports, which will be 

used for feedthroughs and as above, we use subsection UG-27:

6. Kimball Physics Octagon

Radial and Axial stresses = 0

ODCF

1.33

2.125

2.75

3.375

4.5

4.625

6

8

10

13.25































in=ST

19751

19878

19240

19398

19764

19657

19969

19798

19433

19534































psi=ST

Y M0⋅

tCF
2
B

→

:=
OK ST S304<

Tangential:
S304 2 10

4
× psi=

Flange Stresses (eqs. 9):
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Pst PMAWP−:=External pressure, maximum:

tst .083in:=Lst 16in:=Do_st .84in:=

Tube is a 1/2 in. schedule 10S, ASME SA312 TP304 stainless pipe

Fig 14, Source Insertion Tube

This is a closed end tube welded to a 2.75 " CF flange for the purpose of introducing a small radioactive 

source into the chamber without opening up the vessel. The vessel pressure acts on the end and outer 

diameter of the tube, thus tube buckling is a possible failure mode. We use subsection UG-28 Thickness of 

Shells and Tubes Under External Pressure:

7. Source Tube

compare -->toct_min_long 0.031 in=toct_min_long

PMAWP Ri_oct⋅

2S304 E⋅ 0.4PMAWP+
:=

toct_long 0.465 in=

compare -->
toct_circ 0.309 in=toct_min_circ 0.062 in=toct_min_circ

PMAWP Ri_oct⋅

S304 E⋅ 0.6 PMAWP⋅−
:=

Minimum equivalent thicknesses:

machined, not weldedE 1=

Weld Efficiency:

toct_long 0.465 in=toct_long

Along

Ri_oct

:=

toct_circ 0.309 in=toct_circ

Acirc

Ri_oct

:=

Equivalent thicknesses (by dividing out radius)

note: this is largest radius (at the 2.75 in CF flanges)Ri_oct 3.5in:=
Radii:
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ρSS 8
gm

cm
3

:=

Wst ρSS π⋅ Do_st⋅ tst⋅ Lst⋅ g⋅:= Wst 1.013 lbf=

Collimator is either tungsten (19.3 gm/cc) or hevimet (19gm/cc). Maximum possible dimensions:

lcol Lst:= dcol Do_st 2tst−:= dcol 0.674 in= ρW 19.3
gm

cm
3

:=

Weight of collimator :

Wcol
π

4
dcol

2
lcol⋅ ρW⋅ g⋅:= Wcol 3.98 lbf=

Moment on tube Moment of Inertia, source tube

Mst Wcol Lst 0.5lcol−( )⋅ Wst 0.5⋅ Lst+:= Mst 39.9 lbf in⋅= Ist
π

64
Do_st

4
dcol

4
−



:= Ist 0.014 in

4
=

The maximum allowable working external pressure is determined by the following procedure:

Compute the following two dimensionless constants:

Lst

Do_st

19=
Do_st

tst

10=

From the above two quantities, we find, from fig. G in subpart 3 of Section II,  the factor:

Ast .012:=

Using the factor A in the applicable material (304 S.S.) chart (HA-1) in Subpart 3 of Section II, Part D, we 

find the factor B:

Bst 14000psi:=

The maximum allowable working external pressure is then given by : 

Pmax_st

4Bst

3
Do_st

tst









:= Pmax_st 1844 psi= (external)

Pmax_st 1.5PMAWP>
so the source tube is safe from buckling under test pressure load

There is a bending moment on the tube where welded to the flange from the weight of the source collimator

Tube weight:
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OK tmin_w 1.1 mm=tmin_w 2Rw

C PMAWP⋅

S304 Ew⋅
⋅:=

(outside HAZ, but use anyway)Ew 0.7=

Rw .25in:=tw 1.5mm:=

From subsection UG-34, Unstayed Flat Heads and Covers :

Window stress (mtl:304SS): 

Welds are nonstructural, and do not carry pressure loads (other than vacuum); they are primarily for sealing.

OK σst_ax 1328 psi=σst_ax

1.5PMAWP Do_st⋅

4tst

:=

Actual compressive stress (at test pressure of 1.5x MAWP):

Bst_max 13500psi:=

From Subpart 3 of Section II, Part D, chart HA-1: 

Astl 0.007=Astl
0.125

0.5Do_st( )
tst_min









:=

Then, determine the quantity:

found using external presssure formula above for 500 psi (test pressure)tst_min .023in:=

First, determine minimum required thickness (not sure why actual thickness is not used here):

The tube is relatively long and may be subject to Euler buckling. ASME code treats this as an alternate 

maximum allowable stress, rather than a maximum loading. From subsection UG-23 Maximum Allowable 

Stress Values, maximum allowable axial compressive stress,  is smaller of : 

S, from above (20 ksi)  or:

B, as computed below 

Axial Compressive Stress on tube:

negligibleσst 1172 psi=σst

Mst 0.5⋅ Do_st

Ist

:=

Stress, bending:
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8. Gas System (in detail) (Tom Miller, designer)

Fig. 15. Gas system (same as fig. 5)

Operation:

This TPC (Time Projection Chamber) gas system is designed to circulate purified Xenon gas at 

pressures up to 300psig MOP (225 psig MOP) initially with Ceramtec SHV-20 feedthroughs installed). The 

AHD will initially specify only an 250psig MAWP (225psig MOP) with these feedthroughs, then it will be 

updated to the higher pressure MAWP only when these feedthroughs are replaced with higher pressure rated 

feedthroughs.

  In operation, the procedures are sequential, unless otherwise indicated.  There are steps inserted for 

checking valve status, Valves listed in bold red are closed; Valves listed in nonbold green are open. 
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1. Complete system pump-down

a. Close V1, V2 and V10. Open R1 and R2 one turn each.

b. Open V4, V5, V11, V13-V16. DO NOT open V6-V9. 

c. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

d. Turn on the backing pump and convectron gauge controller

e. When the convectron gauge reads < 1e-2 torr, turn on the turbo pump and cold cathode gauge controller. Open 

V3 and V12.

f. When the cold cathode gauge reads < 5e-5 torr, open V17 and turn on the RGA.

g. If the system pressure and RGA scan are acceptable, turn off the RGA. If not, continue to pump until the   

pressure improves to an acceptable level.

h. Close V3, V4, V13-V17. Back off R1 and R2.

i. Turn off pumps and controllers.

j. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

k. Proceed to step 3.

 

2. System pump-down with xenon in the Xenon reclamation cylinder

a. Close V1, V2 and V10. Open R1 and R2 one turn each.

b. Open V4, V5, V11-V13, V16. DO NOT open V6-V9.

c. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

d. Turn on the backing pump and convectron gauge controller

e. When the convectron gauge reads < 1e-2 torr, turn on the turbo pump and cold cathode gauge controller. Open 

V3.

f. When the cold cathode gauge reads < 5e-5 torr, open V17 and turn on the RGA.

g. If the system pressure and RGA scan are acceptable, turn off the RGA.

h. Close V3, V4, V13, V16 and V17. Back off R1 and R2.

i. Turn off pumps and controllers.

j.  V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

k. Proceed to step 3.

3. Argon purge

a.  V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

b. Back off R1. Open V1 

c. Set R1 to 20psig

d. Open V4. 

e. Wait for P3 to read > 5 psi. Open V10 1/4 turn. Argon will bleed out the 5psig relief.

f. Wait 5 minutes, then close V10.

g. Start pump1

h. Once P3 reads 20psi, close V1 and V4. Back off R1.

i. Continue pumping for desired interval.

j. Turn off pump1.

k. Open V10 to vent argon. 

l. When P3 reads < 6psi, close V10, V12.

m. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17

n. Proceed to step 4

4. Post-purge pump-down

a. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

b. Check that P3 reads < 6psi. Open V10 to relieve pressure. Close V10 when done.

c. Open V4 and crank down R1 1 turn.

d. Start the backing pump and convectron gauge controller

e. Slowly open V16.

f. When the convectron gauge reads < 1e-2 torr, turn on the turbo pump and cold cathode gauge controller.

g. When the cold cathode gauge reads < 5e-5 torr, open V17 and turn on the RGA.

h. Close V4 and back off R1.

i. If the system pressure and RGA scan are acceptable, turn off the RGA, close V16 and V17.
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j. Turn off pumps and controllers. 

k. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

l.  If the partial pressures are not acceptable, repeat procedure from step 3.

m. If the Xenon reclamation cylinder is filled, proceed to step 6.

5. Xenon reclamation cylinder fill procedure

a. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

b. Back off R2. Open V2 and V12.

c. Open V13 and V14. Check that V10 is closed.

d. Set R2 to 200psig

e. Carefully open V4

f. Once P3 reads 200psig, close V4

g. Read the gas temperature at the TC. When T > 15 deg C, continue

h. Set R2 to 300psig (225psig initial)

i. Open V4

j. Once P3 reads 300psig (225psig initial), close V2 and back off R2.

k. Chill C1 with LN until P4 bases out.

l. Close V4 and V14.

m. Open V2. Set R2 to 50psig

n. Open V4

o. Once P3 reads 50 psig, close V2, V4 and back off R2.

p. Open V14.

q. Continue to chill C1 with LN until P4 bases out.

r.  Close V13 and V14. Stop chilling C1.

s. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

t. Proceed to step 6

6. Chamber fill from Xenon reclamation cylinder

a. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17

b. Close V11

b. Back off R3. Open V14

c. If P5 < 300psig (225psig initial) at any point in step 6, turn on heat to C1

d. Once P5 > 300psig (225psig initial), set R3 to 200psig(150psig initial) 

e. Close V4.

f. Open V13

g. Open V6, V8

h.  When P3 reads 200psig, close V13 

i. Check the temperature at the TC. When T > 15 deg C, Continue

j. Set R3 to 300psig(225psig initial)

k. Open V13

l. When P3= 300psig (225psig initial), close V13 and V14

m. Close V5, V6, V8. Back off R3.

n. TPC is ready to operate

o. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17

 

7. TPC operation

a. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

b. Open V6,V7 or V8,V9 and V11

d. Start pump1

e. Monitor total flow with FM1. Adjust pump controller as required

f.  Log flow and pressure at P4, if desired

g. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 (V8,V9 may be open 

    instead of V6,V7)

8. TPC shutdown
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8. TPC shutdown

a. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 (V8,V9 may be open instead of V6,V7)

b. Stop pump1

c. Close V6-V9, as required.

d. Stop data logger

e. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

 

9. Cryogenic Xenon reclamation from TPC

a. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17  

b. Open V5, V13, V14.  Close V12

c. Chill C1 with LN.

d. Once P4 bases out, close V13.

e. Close V14.

f. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

10. Let-up to Argon

a. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

b. Back off R1. Open V1

c. Set R1 to 15psig

c. Open V4

d. When P3 > 0psig, close V1. Back off R1.

f. Open V10. 

g. Once the 5psi relief is closed, close V10, V11

h. Proceed with disassembly of TPC. Leave 1 main flange bolt loosely in place until any residual pressure is 

vented.

i. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

11. Replacement of Argon gas supply cylinder

a. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

b. Make certain V1 is closed. Back off R1.

c. Disconnect R1 from Ar cylinder.

d. Connect new Ar cylinder to R1.

e. Crank down R1 1 turn.

f. Open V3

g. Start backing pump and convectron gauge

h. When the convectron gauge reads < 1e-2 torr, turn on the turbo pump and cold cathode gauge controller.

g. When the cold cathode gauge reads < 5e-5 torr, close V3 and turn off pumps.

h. Back off R1.

i. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

12. Replacement of Xenon gas supply cylinder

a. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

b. Make certain V2 is closed. Back off R1.

c. Disconnect R2 from Xe cylinder.

d. Connect new Xe cylinder to R1.

e. Crank down R2 1 turn.

f. Open V3

g. Start backing pump and convectron gauge

h. When the convectron gauge reads < 1e-2 torr, turn on the turbo pump and cold cathode gauge controller.

g. When the cold cathode gauge reads < 5e-5 torr, close V3 and turn off pumps.

h. Back off R2.

i. V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 

Relief Valve Capacity
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There are no operating conditions whereby a sudden pressure rise can occur, such as a sudden release of 

energy leading to rapid gas heating, or loss of insulating vacuum. We consider some extraordinary 

circumstances: 

Pressure Rise under Gas Cylinder Regulator Failure

This is probably the most credible mechanism for accidental overpressure (someone accidently screws a 

regulator all the way in, then opens a valve downstream)  Regulators are Matheson Dual Stage High Purity 

Stainless Steel, model 3810 :

maximum flow rate (@2500 psi N2 inlet pressure)

Qreg 300SCFH:= Qreg 5 SCFM=

Pressure Relief valve is a Swagelok R4. From relief valve catalog ms-01-141.pdf, flow curves are:

Fig 16. Pressure Relief Pressure Drop

For a set pressure of 350 psig, and a flow rate Qreg, we find (green lines) an inlet pressure of:

Pinlet 370psi:= ASME Boiler and Pressure Vessel Code, Section VIII subsection UG-125 Overpressure 

Protection  subsection (c) calls for (in this case) a maximum of 10% vessel overpressure 

under relief condition.
Pinlet

350psi
1− 5.7 %= OK 
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9. Test Procedures

9.1 Pressure Vessel and 350 MOP Head

These components have been tested at LLNL to higher pressures than used here. No retesting is needed, as 

there are no corrosive gasses or other materials used, and the vessel and lid have not been modified. Any 

minor modifications, such as rewelding a VCR fitting to the Vessel will require a retest. MESN-99-020-OA 

does not specify any retesting requirement. Since no cryogens are used, the vessel and head may be 

retested using a hydrostatic test in accordance with ASME Boiler and Pressure Vessel Code Section VIII, 

subsection UG-99 Standard Hydrostatic Test. Test pressure is 1.5x MAWP= 525 psig. Nevertheless, this 

component will be further tested, in its installed configuration, along with the gas system test at a test 

pressure of 1.25x MAWP = 438psig (313 initial).

9.2 Spool

This component will be hydrostatically tested by the manufacturer in accordance with ASME Boiler and 

Pressure Vessel Code Section VIII, subsection UG-99 Standard Hydrostatic Test,  and tagged by the 

manufacturer, and may be used as received. Nevertheless, this component will be further tested, in its installed 

configuration, along with the gas system test at a test pressure of 1.25x MAWP = 438psig  (313 initial).

9.3 Octagon

This component is not rated for pressure by the manufacturer, though the manufacturer does supply pressure 

rating recommendations. It shall be tested by either a certified pressure installer here at LBNL, or by an 

independent testing lab. It shall be tested using a hydrostatic test in accordance with ASME Boiler and 

Pressure Vessel Code Section VIII, subsection UG-99 Standard Hydrostatic Test. Test pressure is 1.5x 

MAWP= 525 psig. Nevertheless, this component will be further tested, in its installed configuration, along with 

the gas system test at a test pressure of 1.25x MAWP = 438psig  (313 initial).

9.4 Source Insertion Tube

This component will be hydrostatically tested by the manufacturer in accordance with ASME Boiler and 

Pressure Vessel Code Section VIII, subsection UG-99 Standard Hydrostatic Test,  and tagged by the 

manufacturer, and may be used as received. Nevertheless, this component will be further tested, in its installed 

configuration, along with the gas system test at a test pressure of 1.25x MAWP = 438psig (313 initial).  

9.5 Gas system

All other attachments, fittings and components are pressure rated by the manufacturer as in the above table 

and may be used as installed up to MAWP. Nevertheless, this system will be  tested, in its installed 
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configuration, along with the gas system test at a test pressure of 1.25x MAWP = 438psig (313 initial), as 

described below: 

9.6 Final assembled system pressure check

Completed gas system, including pressure vessel, shall be pneumatically tested in place using a remote test  

system comprising a gas cyl., regulator, gauge, test valve, and vent valve. There are three sections of the 

complete gas system having different MAWP's; therefore the test is in three parts.  The test shall be repeated 

for each section that is modified. The test system and operator shall be located a minimum of 8 ft. from the 

main pressure vessel, with no line of sight to system (behind a barrier; this can be a room wall or the existing 

wall of cabinets and workbenches presently on 70A-2263). This test will be done with pressure vessel set to an 

MAWP of 350  psig (250 initial). Testing is to be performed by a Certified Pressure Installer, and witnessed by 

the Responsible Designer, at a minimum. 

Test as follows:

1. Procure:

a. Gas cylinder of clean Ar, N2, CO2, or dry air with supply pressure above 2000 psig. 

b. Calibrated test gauge(s) for reading 438 psig (313 initial),  563 psig, and 1875 psig to within 

5% accuracy. Gauge maximum scale pressure should not be less that 1.2x or more than 4x the test pressure. 

Electronic gauges (calibrated) are permissible, and are not subject to the above range limitations.

c. Regulator(s),  to provide above pressures in (b) to fit cyl. in (a).

d. 10 ft. long high pressure clean gas service (e.g. McMaster P/N 5665K34 2-3 ea) or PTFE 

lined high pressure chemical hose (e.g McMaster P/N 5830K21,  or similar), 2000 psig rated (min.), and fittings 

to connect to gas system at T1, T3.

e. Pressure relief valves set to 438 psig (313 initial), 563 psig, and 1875 psig (using calibrated 

gauge), to fit exhaust ports of  350 psig (250 initial), 450 psig, and 1500 psig relief valves. 

f. Test pressure isolation valve, and fill vent valve, rated for test gas maximum pressure.

g. Test pressure release vent valve on Tee, both rated for test gas maximum pressure.

2. Assemble remote gas cylinder, regulator(RT), test gauge(GT) for 563 psig test pressure, test 

isolation valve(TV), vent valve(VV), fill vent valve (VF) as shown in fig. 17 below, and locate around corner from 

experiment, out of line sight, and behind wall of cabinets. Survey for, and remove any hazardous material (such 

as radioactive sources, flammable liquids, glassware, etc.) from line of sight to test area. Have fire 

extinguishers on hand. Note that the pressure relief valve shown in fig. 17 is optional, since test feed ports T1 

and T3 cannot be isolated from the system pressure relief valves.

3. Install  438 psig (313 initial), 563 psig, and 1875 psig relief valves into exhaust ports of 350 psig 

(250initial), 450 psig , and 1500 psig relief valves, respectively.

4. Check that gas system is fully depressurized.

5. Close valves V1-V9, V11, V12, V15, V16, V17. Back off R1, R2.

6. Remove T1 plug and install hose end. 

7. Start the backing pump and convectron gauge controller, Slowly open V3. When the convectron 

gauge reads < 1e-2 torr, close V3, and turn off backing pump and convectron gauge controller.

8. Barricade test area to prevent personnel ingress, notify building manager of impending test.  Clear 

area of all people except for pressure test operator and witness(es).

9. We start by testing 450 psig MAWP subsystem as follows:

10. Check that installed test gauge, GT, and regulator, RT,  are for 563 psig test pressure.

11. Open valves V4-V9. Close valve V3. Check valves V11, V12, V16, V17 are closed. 

12. Back off RT handle fully. 

13. Open test gas cyl. valve 1-2 turns. 

14. Screw in RT handle slowly, in steps of 20% MAWP (90 psi), each time closing VT, and watching 

GT to see that stable pressures are achieved. Watch GT for 5 minutes minimum, each time. If leaks occur, 

back off pressure to 90 psig (20% MAWP) max. and inspect to find leak. See note on possible methods below 

fig. 17. Once found, back off RT fully, open test vent valve VV to depressurize fully, and fix leak. If no leaks 

occur, continue increasing pressure until 450 psi reads on GT. Record pressures on system gauges. Increase 

pressure to 563 psig. Hold for 5 minutes, if presuure is stable, then back off regulator fully, close test gas cyl. 

valve, and release system pressure through VV; otherwise depressurize and fix leak as above. Note that it may 

be possible to tell when 450 psig relief valve opens, however this should not be regarded as accurate since 450 

psig relief valve could leak during test. 
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15. Remove 563 psig relief valve from exhaust port of 450 psig relief valve.

16. Close VV, and progressively repressurize system until 450 psig relief valve exhausts, but not past 

475 psig. Depressurize and vent pressure.  Adjust relief valve if needed then repeat this step.

17. Proceed directly to test main pressure vessel as follows:

18. Open valves  V11, V12, V13. Leave V4-V5 open. Close valves V6-V9, V10, V14, V15. Leave valves 

V3, V16, V17 closed.

19. Back off RT knob fully. 

20. Open test gas cyl. valve 1-2 turns. 

21. Screw in test regulator slowly, in steps of 20% MAWP (70 psi, 50 psi initial), each time closing 

VT, and watching GT, to see that stable pressures are achieved. Watch GT for 5 minutes minimum, each time. 

If leaks occur, back off pressure to 50 psig (20% MAWP) max. and inspect to find leak. See note on possible 

methods below fig. 17. Once found, back off  RT fully, open  VV to depressurize fully, and fix leak. If no leaks 

occur, continue increasing pressure until 350 psig (250 initial) reads on GT. Record pressures on system 

gauges. If gas system pressure gauge (P3) cannot read higher than 438 (313 initial) psi, then hold for 5 

minutes, then back off regulator, close test gas cyl. valve, and release system pressure. Remove P3, plug and 

repressurize to 438 psig (313 initial) as above. Hold for 5 minutes, if stable, then back off regulator, close test 

gas cyl. valve and release system pressure; otherwise depressurize and fix leak as above. Replace gas 

system gauge, if removed. Note that it may be possible to tell when 350 (250 initial) psig relief valve opens, 

however this should not be regarded as accurate, since 350 (250 initial) psig relief valve could leak during test. 

22. Remove 438 (313 initial) psig relief valve from exhaust port of 350 (250 initial) psig relief valve.

23. Close VV, and progressively repressurize system until 350 (250 initial) psig relief valve exhausts, 

but not past 380 (275 initial) psig. Depressurize and vent pressure.  Adjust relief valve if needed and repeat test.

24. Remove hose from T1, replace plug.

25. Start the backing pump and convectron gauge controller, Slowly open V3. When the convectron 

gauge reads < 1e-2 torr, close V3, and turn off backing pump and convectron gauge controller. Close V3.

26. Test 1500 psig MAWP  subsystem as follows:

27. Close V13, V15. Open V14. Screw in handle of R3 all the way. Check that C1 is fully 

depressurized.

28. Unplug T3 and install test hose.

29. Start the backing pump and convectron gauge controller, Slowly open V15. When the convectron 

gauge reads < 1e-2 torr, close V15, and turn off backing pump and convectron gauge controller. Close V15.

30. Check valve V14 is open. Check valve V3, V13 are closed. Leave V15 closed. 

31. Back off test gas cyl. regulator knob fully. 

32. Open test gas cyl. valve 1-2 turns. 

33. Screw in test regulator slowly, in steps in steps of 20% MAWP (300 psi), each time closing VT, 

and watching GT to see that stable pressures are achieved. Watch GT for 5 minutes minimum, each time. If 

leaks occur, back off pressure to 300 psig (20% MAWP) max. and inspect to find leak. See note on possible 

methods below fig. 17. Once found, back off RT fully, open VV to depressurize fully, and fix leak. If no leaks 

occur, continue increasing pressure until 1500 psig reads on test gauge. Record pressures on system gauges. 

Increase pressure to 1875 psig. Hold for 5 minutes, if stable then back off RT, close test gas cyl. valve and 

release system pressure; otherwise depressurize and fix leak as above. Note that it may be possible to tell 

when 1500 psig relief valve opens, however this should not be regarded as accurate since 1500 psig relief valve 

could leak during test. 

34. Remove 1875 psig relief valve from exhaust port of 1500 psig relief valve.

35. Close VV, and progressively repressurize system until relief valve exhausts, but not past 1600 

psig. Depressurize and vent pressure. Adjust 1500 psig relief valve if needed and repeat this step.

36. Remove hose from T3, replace plug. Proceed to purge system as described in Gas System 

Operation. 

37. Attach pressure test tags to pressure relief valves. These are found in Appendix D  of PUB3000. 

File pressure test report (also in Appendix D) with Regulator Shop.

 Leak checking may be performed at full MAWP after successful pressure testing.
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Fig. 17 Pressure Test Set up (Pneumatic, in-situ)

Leak Detection Methods for Pressure Leaks ( not Vacuum):

Leak checking may be performed at full MAWP after successful pressure testing. Prior to tersting leak 

checking may be performed up 20% MAWP

Methods (not conclusive):

1. SNOOP - this is essentially soapy water; NOT PREFERABLE, as it may be pulled into vacuum. If used, 

clean area throughly with DI water afterwards before pulling vacuum.

2. Helium Leak Testing ( sniffer) - DO NOT USE, glass in PMT's are very permeable to He, which will then ruin 

them. 

3. Hydrogen Leak Testing (sniffer) - PREFERABLE, uses 5% H2/95% N2  nonflammable mix test gas. Sniff as 

with He using appropriate equipment.

4. Gas Bag - PREFERABLE, Wrap plastic bag material very loosely around suspect joint and seal tightly; 

watch for inflation.
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Maintain PTRS Tests and Inspections
Test Information (Dates should be in the format MM/DD/YYYY)

ME Test No  2356 Date 12/03/1999

Test Request No TR-2833 Test Fluid Argon

Test Pressure   604 PSIG Test Temp   70 F

Size Measurements (pressure vessel tests ONLY)    Test Comments 
Location 
(marked)

Before Test 
(inches)

After Test 
(inches)

Difference 
(inches)

RD 6901 and RD 7319 have a 402 
PSIG MAWP and will be used with 
pressure vessels #1 and # 2.  
Used with ME2349, ME2350, ME2351, 
ME2352, and ME2353.  2 Flanges 
were made under the same drawing 
number Modified Test temp -320 

Top   

Center   

Bottom   

Inspection Information
Inspect the following and check the appropriate column, explaining as required. Status is OK or Not 
Applicable
Question OK N/A Remarks
1. General appearance of system (or vessel)  
2. Relief devices are: 
a) properly set (have them checked - reset as required)  

b) properly seated  
c) pointed in safe direction or safely vented  
3. All fittings and vessel seals are leak tight  
4. Replaced or added fittings, gauges, valves (and 
piping*) are properly rated  

5. All system components are adequately secured  
6. Valve packing nuts are tight and locked (if locking 
type)  N/A

7. Oil is not apparent on or in* gas (especially oxygen) 
systems  
8. The outside surface of the vessel shows no evidence 
of strain, damage or corrosion.  
9. The inside surface of the vessel shows no evidence of 
strain, damage or corrosion.  
10. Lined vessel vent path is unobstructed: check with 
helium  N/A

11. Vessel or system seals are leak-tight. Have replaced 
as required  

12. The vessel or system is safe for continuing operation  
13. Vessel or system was pressure tested within the last 
6 years, or as required by the safety note. If not, and 
certified for manned area operation, retest it and submit a 
Pressure Test Record.

 

* consider assurance by the responsible user as satisfactory verification
This data applies to a Test Inspection Only JUAREZ, ALBERT 454886

LL3586 (Feb.2000); Send this completed form to the LLNL Pressure Inspector at L-383

Page 1 of 2Maintain PTRS Tests and Inspections:

3/15/2010https://biweb.llnl.gov/pls/lb/ptrs.ptrs_get_sv_pg1.ptrs_edit_form_pr



         Save Go to Sys/Vess Print Labels Copy Test/Insp Cancel

Page 2 of 2Maintain PTRS Tests and Inspections:

3/15/2010https://biweb.llnl.gov/pls/lb/ptrs.ptrs_get_sv_pg1.ptrs_edit_form_pr



Maintain Systems and Vessels  
General Information (Format - Dates: MM/DD/YYYY ; Names: Last name, First name )

ME Test No 2356 RD No

MAWP   402 PSIG

Temp 
From -320 To   70 F

Status 
 STORED
Oper Mode Config 

 Manned Vessel

Stored as 
of 
09/17/2004

Stored per Person 
 DATA MIGRATION - MO

Inspector - 
Cert JUAREZ, ALBERT 454886

Insp - 
Trainee Please specify

System Fluid Ar/CH4/CO2/He/P10/Xe   

Device Owner   002103 Designer DOBIE D.

   
Ex: LASTNAME, FIRSTNAME
SPRINGER, MICHAEL B

P/R 
# Please specify   

Inspection Date 12/03/1999 Test Date 12/03/1999

Inspection Freq 3 years Test Freq 6 years

Expiration Date 12/03/2002
Safety Document 

 MESN 99-020-OA

Secondary Safety Document 
 

Location Facility Room
 LLNL    132S 2723

AD PAD
Department Name not found 
Division Name not found

Assurance Manager THOMSON, STEPHEN B FPOC Alternate GOVERNOR, 
EDWARD J

Facility Contact MCANENEY, GERALD P FPOC Exception Name Not 
Found

Description (also appears on label) Comments

Page 1 of 2Maintain PTRS Systems and Vessels:

3/15/2010https://biweb.llnl.gov/pls/lb/ptrs.ptrs_get_tst_insp_pg1.ptrs_edit_form_pr



"Flange, 350 MOP, CF type head, 
AAA98-104240-00  Stored in place 
as per Bob Foerschler 8/12/03"

      
 

Save Assign RD(s) Print Labels View Test Insp New Test Insp Copy

Cancel

Page 2 of 2Maintain PTRS Systems and Vessels:

3/15/2010https://biweb.llnl.gov/pls/lb/ptrs.ptrs_get_tst_insp_pg1.ptrs_edit_form_pr



Maintain PTRS Tests and Inspections
Test Information (Dates should be in the format MM/DD/YYYY)

ME Test No  2285 Date 03/05/2010

Test Request No 1458 Test Fluid Helium

Test Pressure   225 PSIG Test Temp   70 F

Size Measurements (pressure vessel tests ONLY)    Test Comments 
Location 
(marked)

Before Test 
(inches)

After Test 
(inches)

Difference 
(inches)

This system was tested to 225 
PSIG with helium to be used with 
helium only at 130PSIG. Top   

Center   

Bottom   

Inspection Information
Inspect the following and check the appropriate column, explaining as required. Status is OK or Not 
Applicable
Question OK N/A Remarks
1. General appearance of system (or vessel)  
2. Relief devices are: 
a) properly set (have them checked - reset as required)  6262

b) properly seated  
c) pointed in safe direction or safely vented  
3. All fittings and vessel seals are leak tight  
4. Replaced or added fittings, gauges, valves (and 
piping*) are properly rated  

5. All system components are adequately secured  
6. Valve packing nuts are tight and locked (if locking 
type)  N/A

7. Oil is not apparent on or in* gas (especially oxygen) 
systems  
8. The outside surface of the vessel shows no evidence 
of strain, damage or corrosion.  
9. The inside surface of the vessel shows no evidence of 
strain, damage or corrosion.  
10. Lined vessel vent path is unobstructed: check with 
helium  N/A

11. Vessel or system seals are leak-tight. Have replaced 
as required  

12. The vessel or system is safe for continuing operation  
13. Vessel or system was pressure tested within the last 
6 years, or as required by the safety note. If not, and 
certified for manned area operation, retest it and submit a 
Pressure Test Record.

 

* consider assurance by the responsible user as satisfactory verification
This data applies to a Test Inspection Only SWITZER, VERNON A 876136

LL3586 (Feb.2000); Send this completed form to the LLNL Pressure Inspector at L-383

Page 1 of 2Maintain PTRS Tests and Inspections:

3/15/2010https://biweb.llnl.gov/pls/lb/ptrs.ptrs_get_sv_pg1.ptrs_edit_form_pr



         Save Go to Sys/Vess Print Labels Copy Test/Insp Cancel
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Maintain Systems and Vessels  
General Information (Format - Dates: MM/DD/YYYY ; Names: Last name, First name )

ME Test No 2285 RD No 6262 

MAWP   150 PSIG

Temp 
From 40 To   70 F

Status 
 IN USE
Oper Mode Config 

 Manned Vessel

As of Date As per Person 
 

Inspector - 
Cert SWITZER, VERNON A 876136

Insp - 
Trainee Please specify

System Fluid Helium   

Device Owner   002678 Designer DOBIE D.

   
Ex: LASTNAME, FIRSTNAME
HEFFNER, MICHAEL D

P/R 
# 9785 - ST-TRED-TECHNOLOGY RESOURCES ENGINEERING   

Inspection Date 03/05/2010 Test Date 12/13/2006

Inspection Freq 3 years Test Freq 6 years

Expiration Date 03/05/2013
Safety Document 

 MESN 01-091-OA

Secondary Safety Document 
 

Location Facility Room
 LLNL    194A 1131

AD ST-ENGR-
ENGINEERING PAD

ST-ST PAD-
SCIENCE, 
TECHNOLOGY

Department Name not found 

Division

ST-TRED-
TECHNOLOGY 
RESOURCES 
ENGINEERING

Assurance Manager THOMSON, STEPHEN B FPOC Alternate SPRINGER, 
MICHAEL B

Facility Contact LIND, SUSAN G FPOC Exception Name Not 
Found

Description (also appears on label) Comments

Page 1 of 2Maintain PTRS Systems and Vessels:

3/15/2010https://biweb.llnl.gov/pls/lb/ptrs.ptrs_find_pg1.ptrs_edit_form_pr?p_ptrs_rd_room_loc_de...



Pressure vessel #2.  Derated 
vessels on 8/31/01 to 150psig.  
Vessel feed thrus will not have 
blast covers.  Vessel will expire 
on original experation date of 
6/01/02. Stored in place as per 
Bob Foerschler 8/12/03

This system was tested on 
12/13/2006 to 225PSIG with Heluim 
for use with He only at 130PSIG 
.RF Have tested an add on 
cone and flang it was tested at 
343 by RF on 3/5/07.

      
 

Save Assign RD(s) Print Labels View Test Insp New Test Insp Copy

Cancel

Page 2 of 2Maintain PTRS Systems and Vessels:

3/15/2010https://biweb.llnl.gov/pls/lb/ptrs.ptrs_find_pg1.ptrs_edit_form_pr?p_ptrs_rd_room_loc_de...





















































































































































































































































































































































































































































ASME Code Qualification of ConFlat Flanges 

 

Overview 
ConFlat (CF) flanges or their equivalent are available from a number of vacuum supply 

companies (i.e. MDC Vacuum, Kurt J. Lesker Co., NorCal, etc.).  They have been 

designed for vacuum service only.  It has been standard practice at a number of facilities, 

Jefferson Lab being one, however, to use these fittings as pressure fittings where high 

purity and extremely cold (<4.5K) (non permanent or semi permanent) connections are 

required.  Figure 1 gives a cutaway view of a typical CF connection.  The all metal leak 

tight seal is achieved by extruding the gasket between the opposing conical sealing 

(knife) edges.  This causes the gasket material to flow against the capture rings.  The 

extruded gasket material fills small imperfections in the sealing surfaces and provides a 

reliable leak tight seal.  It is commonly thought that the actual sealing surfaces are the 

knife edges.  We will assume, however, that they are the outer capture rings. 

 

 

Figure 1:  Cutaway view of CF assembly.  From MDC Vacuum Catalog. 

 

The purpose of this technical note is to qualify as much as possible the CF flange 

connection for use in ASME (B31.3 and Section VIII Div. 1) coded pressure systems and 

components.  Pressure design of flanges and blanks is covered in Appendix 2 of the 

ASME Boiler and Pressure Vessel Code Section VIII Div. 1.  Other necessary 



information is contained in Appendix S of the same code.  The B31.3 code, for process 

piping, (Section 304.5) refers to this section of the B&PV code for flange design. 

 

UG-34 Eq (2) of Section VIII gives the required minimum thickness for a blank flange or 

flat cover as 

 /9.1/ SEdWhSECPdt g+= (1) 

where 

 theis 

factor casting a is 

loadbolt  seatinggasket   theis 

loads pressure  theis 

diametergasket mean   theis

0.3 isit  (k)sketch    Usinggeometry. flangeby  determinedconstant  a is 

gh

E

W

P

d 
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A slight modification of this equation should be used.  The pressure seal should be taken 

as the gasket OD.  The gasket seating moment arm gh is determined as the radial distance 

from the bolt circle to the knife edge.  The first term in the radical considers on the 

pressure load.  The second term considers only the moment from the bolt load.  Thus, the 

minimum thickness of the CF flange is given by 

 /9.1/2 SEdWhSECPdt kgg +=  (2) 

where 

diameter ringgasket   theis 

diameter edge knife  theis

g

k

d

 d
 

An expression for stress can easily be derived from the above equation for a given 

thickness.  The standard CF flange available from MDC can be supplied with a certificate 

of conformance.  This states that the material is SST 304.  From Table 1A in Section II of 

the ASME B&PV code, the maximum allowable stress for SST 304 plate is 20 ksi. 

Test Procedure 

Materials 

The following is a list of the tools and materials used to assemble the CF test joints. 

1. Torque wrenches 

1.1. Kobalt 3/8 drive (Ser#1001500784) 

1.2. KD ¼ drive (Ser#991135747) 

2. Snap-On torque tester (Ser # 0699800012) calibrated. 

3. Transducer Techniques load cell Model THC-7.5K-S  Serial # 114657 

4. Test flanges were supplied by MDC vacuum 

5. Gaskets (both OFHC copper and aluminum) were supplied by Kurt J. Lesker Co. 

6. Loctite 51609 anti-seize 

7. Bolting hardware (18-8 SST nuts and bolts no washers were used) 

7.1. 1.33” nominal flange hardware from Kurt J. Lesker Co. 



7.2. 2.75” and 2.125” flange hardware from Kurt J. Lesker Co. (1/4-28 x 1.25 

12pt) 

7.3. 13.25” flange hardware from York Bolt (3/8-24 x 3.5 HHCS) 

7.4. All other flanges (5/16-24 x 3.5 12pt) from Kurt J. Lesker Co. 

 

Torque wrench calibration 

It is recognized that there will be significant error in the actual bolt torque for an 

individual technician using a given torque wrench.  In an effort to minimize this error and 

quantify it, the technician performing all assembly work and torque wrench 

calibration/force measurements was kept constant.  Both torque wrenches are “snap” 

type.  The assembly technician and torque wrenches were checked for consistency using 

the Snap-On torque tester at multiple torque settings.  Table A1 in Appendix A 

summarizes the measurements made to check the consistency of the small ¼ inch drive 

KD torque wrench and technician.  Measurements were made at 10, 20, 30, 40, and 68 

inch pounds.  Similar measurements were also taken with the Kobalt 3/8 in drive torque 

wrench at larger values of torque.  These data are shown in Table A2. 

 

While it is necessary to understand the consistency of the actual torque, it is most 

important to know the actual force (bolt load) relative to a given torque setting.  The total 

bolt load will be required in the analysis of the flange and fastener stress.  It is common 

practice to determine the force on a bolt assembly using the standard equation for fastener 

torque τ  

kFD=τ  (3) 

fastener  theofdiameter outer  nominal  theis 

force loadbolt   theis 

etc.geometry friction by  determinedt coefficien a is 

Where

D

F

k
 

 

The coefficient k is nominally taken as 0.2 in many conditions and Machinery’s 

Handbook suggests 0.18 for lubricated assemblies.  For our case, however, it is proper to 

measure the value of k where possible.  Indeed it is even better to measure the absolute 

force applied by the fastener for a given torque setting.  The load cell was used to 

determine the actual force applied by a given fastener for a given toque setting.  Figure 

xxx shows the technique.  Measurements were performed with both torque wrenches at 

several torque settings.  These data are summarized in Table A3.  Accounting for torque 

consistency and load cell error, the data indicate that a conservative error for absolute 

force applied is 10%. 

CF test assemblies 

The test assemblies were made by assembling two blank CF flanges with a copper gasket 

(from Lesker) and, when available, aluminum gaskets (from Lesker).  The flanges were 

tightened using the cross flange pattern recommended in the MDC catalog until the 

flanges were visibly close to “metal to metal”.  At this point, the fasteners were torqued 

in a clockwise pattern until the flange faces were visibly “metal to metal”.  This is the 



standard practice of many of the technicians at Jefferson Lab.  No washers were used on 

any assembly.  In all cases, a backing wrench was applied to the nut and the torque 

wrench was applied to the bolt head (see Figure xxx). 

 

The torque was incrementally increased in 5 inch lb steps when using the smaller KD 

wrench and in 1 ft lb steps when using the Kobalt wrench.  The fasteners were tightened 

at a given torque setting in repeated patterns until no rotation was felt.  If needed the 

torque setting was increased and the tightening pattern repeated.  The final torque setting 

was recorded.  In the case of the smaller flange sizes, many assemblies were measured.  

In all cases (with the exception of the aluminum seals), at least 2 assemblies were 

measured.  No measurable deviation in torque required to complete the assembly was 

found at any flange size, thus it is felt that more test assemblies are unnecessary.  

Assemblies using “plate nuts” (Ref 1) were also tested. 

 

After the initial gasket crushing assembly, the bolts were loosened to less than finger 

tight and retightened following the same procedure above so that the flanges were again 

“metal to metal”.  This was done to determine the gasket sealing torque.  This is the final 

gasket seating torque required to maintain a leak tight connection.  The final gasket 

seating torque values were also recorded. 

Results 
The torque values required to make each CF connection are summarized in Table xxx.  

The 1.33 and 2.75 (aluminum gasket only) inch CF joints were assembled using the KD 

torque wrench.  All other assemblies were performed with the Kobalt torque wrench. 

 
Nominal Flange Size Torque Cu Torque Al

(in) (in lb) (in lb)

1.33 40 31

2.125 163.2 n/a

2.75 163.2 67

3.375 197.5 142

4.5 217.7 142

4.625 190.4 n/a

6 217.7 163.2

8 246.8 146.8

10 260 163.2

13.25 330 n/a  

Table 1:   Torque values required to make CF assemblies "metal to metal" 

  

Analysis 

Flanges 

The actual force required to make the CF seal was determined from the final torque 

wrench setting and the data in Table A3.  It is clear from equation (2) that an expression 



for stress in the flange may easily be derived.  Table xxx shows the final bolt loads for 

copper gasket assemblies. 

Fasteners 



Appendix A 
This appendix contains the torque wrench consistency and calibration data. 

Table A2 :  Torque consistency data for 1/4 inch drive KD torque wrench all data are in inch pounds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table A3: Torque consistency data for 3/8 inch drive Kobalt torque wrench all data are in inch 

pounds 

 Torque Setting (ft-lb) 10 11 12 13 15 16 17 18 19 20

.

Data (in-lb) 117 131 142 168 182 191 219 236 243 250

121 131 144 162 182 196 215 247 256

115.2 138 146 162 189 195 217 247 260

117.2 140 138 159 178.3 198 212 247 252

117.2 142 146.6 161.7 194 196 212 243 245

140 150 179 195 209 243 241

151 188 243 252

148

150

156

157

Average 117.5 137 143.3 156.8 184.6 195 214 236 245 251

Std deviation 2.119 4.8 3.48 6.423 5.829 2.3 3.7 2.1 6.4

Torque Setting (in-lb) 10 20 30 40 68

Data 12.7 24 32 40.1 66.1

12.7 22 29.4 39.9 66.9

13.9 19.2 29.1 39.6 66

13.9 20.8 28.4 38.5 67

11.1 19.3 29.4 40.4 67.7

11.6 20.3 66.9

12.1

11.1

12.6

11.1

10.6

Average 12.12727 20.93333 29.66 39.7 66.76667

Std dev 1.137621 1.823915 1.370401 0.731437 0.631401



Table A3:  Torque wrench setting to absolute force calibration data 

Torque wrench setting to force calibration

Excitation voltage is 10V  2mV per V full scale (7500 lb)

Kobalt wrench

Torque setting Torque Setting Actual torque Error Load Cell readout Fastener OD Force Coefficient Error Error

(ft lb) (in-lb) (in-lb) Torque (in-lb) (mV) (in) (lb) K K Force (lb)

10 120 118 2 5.35 0.313 2006.25 0.19 0.01 112.0501604

11 132 137 5 5.81 0.313 2178.75 0.20 0.01 134.479561

12 144 143 3 6.34 0.313 2377.5 0.19 0.01 133.3982048

13 156 157 6 6.77 0.313 2538.75 0.20 0.01 161.0098237

14 168 168 0 7.57 0.313 2838.75 0.19 0.01 150.1375589

15 180 185 6 7.95 0.313 2981.25 0.20 0.01 178.7758102

16 192 195 2 8.76 0.313 3285 0.19 0.01 176.4593824

17 204 214 4 9.75 0.313 3656.25 0.19 0.01 207.1244576

18 216 236 0 10.45 0.313 3918.75 0.19 0.01 203.6701817

19 228 245 2 10.86 0.313 4072.5 0.19 0.01 214.4773258

20 240 251 6 11.77 0.313 4413.75 0.18 0.01 264.8551591

21 252 252 0 12.28 0.313 4605 0.17 0.01 263.3922946

22 264 264 0 12.74 0.313 4777.5 0.18 0.01 270.6087294

25 300 300 0 13.66 0.313 5122.5 0.19 0.01 273.7707319

27 324 324 0 14.36 0.313 5385 0.19 0.01 280.1371736

27 324 324 0 9.16 0.375 3435 0.25 0.01 136.5651042

20 21 2 0.87 0.313 326.25 0.21 0.02 44.40902721

30 30 1 1.41 0.313 528.75 0.18 0.01 34.08049604

40 40 1 1.91 0.313 716.25 0.18 0.01 43.95591393

50 50 0 2.47 0.313 926.25 0.17 0.01 53.70698531

68 67 1 3.41 0.313 1278.75 0.17 0.01 78.73891481

KD wrench



 




