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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 VI, 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
MESN99-038-0OA). 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

Initial Maximum Operating and Allowable Working Pressures  (to be used initially with existing Ceramtec
Pyiop i = 225psi PMAWP = 250psi SHV-20 connectors (see below) until higher

rated feedthroughs are obtained)

RECLAMATION

AC/HP
ALVE, VI6

STRAIN RELIEF BRACKET

Fig. 3 LBNL configuration: pressure vessel with cabling extension spool, octagon vac. cham. & gas sys.
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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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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:
[ -1
BaV |, _ [ Pi) v
y-1 |_

U=

]
|
J

P = Pyiawp + 14.7psi Py =3647psi Ppi=147psi  y:= 1.666 (for monatomic gases)

where:

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

dyeg = 7.63in ljeg = 13.5in main vessel inner dimensions

dy Nt = 2in 1] Nyt = 8in LN2 extension (cold probe)

doet = 8in 1ot = 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.)

dy,lye = 2in 1y alve = 4in high pressure volume of closed vacuum valve and tank stub

d.. = 3.43in 1. = 36in reclamation cylinder
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T 2 2 2 2 2 2 2
Vh = Z'(dves ves + dLNxt TLNxt + dspool 'lspool +doct Toct * dtubing 'ltubing +dyatve lvalve + drc 1rc)
L8 2
V= 12x 100in° Vy, = 199L Vves = 7 ves ves  Vves = 101151
Stored Energy @ 350 psig MAWP
v-1
¥
U, = ¥ 1 i U, =54KkJ
v 'Y -1 Ph \'%
Mass of Xenon in System at operating pressure
. -1_-1 -1
Pyiop=300psi R = 8.314)-mol K T, mp = 300K Ma_Xe = 131.3gm-mol
Critical Pressure, temperature of Xenon:
Pc_Xe = 58.40bar Tc_Xe = 15.6K + 273K
reduced pressure: T
315psi amb
P = P.=0.361 =
r r r —
Pc_Xe TC_Xe T 1.04

Compressibility Factor:
ZXe_ZObar = 0.88

12

from chart for pure gasses shown below

Lee-Kesler Simple Fluid Compressibility Factor

&l

11

Tr=50

07 kil _/f

Compressibility factor 7

© Reduced temperature = .

plot by izzi

ref: A Generalized
Thermodynamic Correlation
based on Three-Parameter
Corresponding States, B.l.Lee &
M.G.Kesler, AIChE Journal,
Volume 21, Issue 3, 1975, pp.
510-527' (secondary ref.
from:http://www.ent.ohiou.edu/~-
thermo/

0z 03 05 1.0 z = 5
Reduced pressure Pr

Fig. 6 Compressibility Factor, pure gasses
Number of moles:

Pyviop Vi

Ny : Ny, = 18.793 mol

Weight:

ZXe_ZObar' R- Tamb

WXC = Ma_Xe-nXe WXC =247 kg

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

10

molar density

0 R.C
mol -~
Vh

mol

Pmol = 0.942T




Lawrence Berkeley Laboratory- cat. code: RP3030 page: 8 of 272

Univ. o'f Califorflia serial :10506 DRAFT date:6/9/2010
Engineering Note dept.: Mech.Engineering
o pr .= 30522 @ boiling, 1 bar, -101.8C
density: FLXe ml
) Wxe
VLXC = VLXC = 0809L
PLXe

Xenon reclamation cylinder volume

i 2
V.= Z'drc ‘11‘

- V,o =5451L

C

Pressure in Reclamation Cylinder
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:

0 _ ™Xe 0 3448 mol
mol_rc = mol_rc = 20T —
— VrC — L

Prc_guess = 3'Pmop Prc_guess = 60.2 bar

B Prc_guess _
Pr_rc = P— Pr_rc =1.032
c_Xe
) ] Thot
Thot = (273 + 50)K Tr_hot = T— Tr_hot =1.12
c_Xe
from chart above:
ZXe_rb_press =7
G ZXe_rb_press' R-Tamb )
P.= v P..=58.4bar P.. =873 psi close enough to guess

Ic

Alternately, we can use a pressure density curve:

120 ——————— . .
| H ref :Thermophysical Properties of
i | : 11600 Neon, Argon, Krypton, and Xenon
100 oo e e gl P A V.A. Rabinovitch, A.A.Vasserman,
! i 1 1400 V.I Nedostup, L.I. Veksler,
i ! 7 Hemisphere Publishing Co (1985)
— 80— A T Ll A [ [ 41200 via:
g i - E A Portable Gamma Ray
= i ! 41000 B« Spectrometer using Compressed
§ 6ob .. e R = . Xenon G.J. Mahler, et. al. IEEE
2 - ! e ! 4{ 800 g Trans. Nuc. Sci. 45(3) p.
£ i ! .' ! - g 1029(1998)
w|l I IS I {600
l I i I .
i i I I i 4 400
201 f-———- . I S o mmmme o R
i I | : {200
- 1 | | 1
i '| o i T
00 04 0.8 1.2 1.6 2.00

Density [g/cm’]
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Fig. 7 Pressure-Density Curves for Xenon

for om
Pmass_rc = pmol_rC’Ma_Xe Pmass_rc = 0.453—3
cm
we find a maximum pressure of
Prax_re = 63bar P =941 psi at 50C, which is the maximum temperature we expect to see.

The gas purifiers have a maximum temperature of 40C.

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:

P = 57bar P =852 psi

typ_max_rc : typ_max_rc

Stored Energy in Reclamation cylinder

v-1

U._. = 1- U, =43k @50C

4. Vacuum Valve:

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

p FsBoTE wow, N,
and HF 6004 only. —___ @
Downstream
£ Purge Voive
B Highest Cv Available in the UHP industry OPEN /
B Most Compact Design Upstream
c Puige Valve
B> High-Purity Stainless Gas Containment . ‘
B Inconel 625 Bellows for High Cycle Life, Superior Corosion Resistance  Hondwnesl @ o oot |
B> Electiopolished Wetted Surfaces o 10 Ra Max K | Tosll e o
(Optional surface finishes available) ¢ > Al _ oA
B> Maximum Leak Rate of 1x 10" scc He/sec for 1 H “m: e
Bellows Seal and CTFE Seat Insert* I ‘ | ‘
~— o=t »‘ T T
B> Purge Connections and Purge Valves N~ 17-4 PH Stainless Steel Sten @ |
are Integral fo Valve Body —
WeatherSeal @
B> Assembled and Tested in CLASS 10 Cleanioom - Tucie UpperBearng @
B Inboard and Across the Seat S _316LBomnet @
Leak Tested with 100% Helium ~ Electiopolished 316L @
Bellows Flange Standard purge valve connection sizes are:
P Valve Bodies and Tube Stubs are Nickel Foil Seal @ HF 500, HF 751, HF 1000, and HF 1501 = 1/4" purge connectors
Serialized for Material Certification T HF 1502 and larger valves = 1/2" purge valves
__ Tucite LowerBearing @
B> Cleaned For High-Purity Gas Service Inconel 625 Bellows @ cano| As | Br © D E F G H 4
— Electiopolished 316l @ HE500 | 050 | 0.049 | g0 345 302 475 i 0.50 250
* ﬂm\ess Steel Tube Stub (241.1mm)| (87.9mm) | (76.70m) | (120.7mm) | 82.8mm) | (12.70m)| (63 5mm)
HE 751 0.75 0.065 1286 4.8 4.03 7.97 5.86 0.75 3.94
INLET OUTLET (326.6mm) | (121.9mm) | (102.4mm) | (202.4rnm) | (148.8mm) | (19.1mm) (100.1mm)
10.84 4.8 2.98 797 5.86 0.75 3.94
HF1000] 100 | 0065 | (975, 3mm) | (121 9rnm) | (75.7mm) | 202.4rnm) | 148 8rmm) | 19.mem| (100, 1)
14.76 4.8 4.98 797 5.86 0.75 3.94
HF 1501 [ 1.50 | 0.065 | (374.9rmm)| (121.9mm) | (126.5mm)| (202.2mm) | (148.8mm) | 19.1mm)] (100:1mm)
B> Purged and Final Packaged in CLASS 1 Cleanroom CTFE Seatinsert @ wr1soz| 150 | 0065 [ yal/aro ] 10220 ] o8 L dsiroen | oot oy L 133 seormy| (199 )
Double-Bag Packaging with N, Gas HF 4000 Electropolished 316L Seat Holder @ 200l 200 | 0065 | 152 598 213 13.15 8.86 131 | 78—
Environment Supplied from Liquid Source Flectiopolshed 316. @ 1387 e | 177 5 | 10 9reen | 3.0 b | 228 0w | 33 3l 199 o 1=
*Excluding Permeation of CTFE Stainless Steel Body

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

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:
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(c) Cylindrical Shells. The minimum thickness or maxi-
mum allowable working pressure of cylindrical shells shall
be the greater thickness or lesser pressure as given by (1)
or (2) below.

(1) Circumferential Stress (Longitudinal Joints).
When the thickness does not exceed one-half of the inside
radius, or P does not exceed 0.3858E, the following formu-
las shall apply:

PR SEt

"=35E-06r " P T Rro0r M

(2) Longitudinal Stress (Circumferential J’():'nrsj.]ﬁ
When the thickness does not exceed one-half of the inside
radius, or P does not exceed 1.255SE, the following formulas
shall apply:

PR 2SEt

= [ — bl
"=35E+0ar ¢ P koo )

MAWP Weld efficiency
PMAWP =350 pSl EW =0.7 (eSt-)

Maximum Allowable Stress, 304 stainless steel:

Pipe and Tube:

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

TABLE 1A (CONT'D)
TABLE 1A (CONT'D) SECTION I; SECTION III, CLASSES 2 AND 3;* SECTION VIII, DIVISION 1; AND SECTION XII

SECTION I; SECTION I1I, CLASSES 2 AND 3;* SECTION VIIL, DIVISION 1; AND SECTION XII MAXIMUM ALLOWABLE STRESS VALUES S FOR FERROUS MATERIALS
MAXIMUM ALLOWABLE STRESS VALUES S FOR FERROUS MATERIALS -
(*See Maximum Temperature Limits for Restrictions on Class) (*See Maximum Temperature Limits for Restrictions on Class)

Alley Class/ . o .
Line Designation/ Condition” Grow Line Waximum Alloviable Stress, ksi (Multiply by 1000 to Obtain psi), for Metal Temperature, °F, Not Exceeding
No.  Nominal Composition Product Form Spec No. Type/Grade UNS No.  Temper  SizefThickness, in. P-No. No.
T No. -20t0100 150 200 250 300 400 500 600 650 700 750 800 850 900
il [ T = | w0 200 e 183 175 1es  lez  1se 155 sz 149 14e
e | e b0 s 1 200 107 150 138 128 123 120 117 1s 12 110 108
16 | ascr sni Tr30s $30400 & 1 17 17.0 17.0 161 155 148 141 138 155 132 129 126 12.4
18 17.0 112 127 17 110 10.4 102 100 a8 %6 2.4 0z

pg. 90 pg. 92
note: lower 17 ksi values include joint efficiency E= 0.85 (N.A. here)

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

Waximum Allowable Stress, ksi CWultiply by 1000 to Obtain psi), for Metal Temperature, °F, Not Exceeding

Line Designation/Goncltion’ Growp  Line

No.  Nominal Composition Product Form Spec No. Type/Grade UNSMNo.  Temper Size/Thickness, in. P-No. No. ~ No. —2010100 150 200 250 300 400 500 600 650 700 750 800 850 900
1| 1scr-eni Plate $A-240 302 520200 8 1 L 200 200 Bs 183 TS lee 162 1S5 133

2 | 18cr-shi Plate 5A-240 02 520200 5 1 2 200 17 Bo1ze e 123 120 L7 118

2| e Plate Shsao o 20900 . 1 3 200 107 150 138 12e 123 120 17 M5 1z 1o 108
M P 4 200 200 B2 183 175 1es 162 155 155 152 149 146

18Cr-shi Plate SA-240 304 530400

S304 = 20000psi
wall thickness inner radius

theck = .065in Ri_neck = 1.0in

P -R.
MAWP ®™i_neck =0.025in OK

t t

neck_min_circ = neck_min_circ

S304 B = 0.6 Ppawp
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PMAWP' Ri_neck

=0.012in OK

tneck_min_long = tneck_min_long

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:

+

239— |—
166~
6 reduce to 12 for .Z5" ot each bolt hole
N 109 6
105 A&~ Vo hafi g5 < vac. fight
31680
01462
t
Section A-A
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:

d = 1.66in ltube = 9.5in = .109in

o_sp_tube : tsp_tube :

di_sp_tube = do_sp_tube - 2tsp_tube Ri_sp_tube = 0'Sdi_sp_tube Ri_sp_tube =0.721lin

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
Wt = 131bf Weables = S1bf Wein_CF = 3-5Ibf Wso. tube = 21bf loet = 0.076m
ch_tot = Woct + Wcables + 2'W6in_CF + Wso_tube
Msp_tube = (1tube + O'SIOCt)'ch_tot Msp_tube =3411bf-in

T

4
Isp_tube = a<d0_sp_tube

4 4
- di_sp_tube ) Isp_tube =0.16in
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M sp_tube’ 0.5 do_sp_tube

= 1763 psi

c sp_tube_mom = c sp_tube_mom

Isp_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, | (using average diameter
and thickness):

davg_sp_tube =05 (di_sp_tube + do_sp_tube)
| _ ld 3 ' Note: Equations (assignments) which have a small black
sp_tube2 = | cTavg_sp_tube t square in their upper right corner are disabled (not active).
McI M-c ' |
o= T o= c6:=SE
116-d3t
. - ) double fillet weld  from Table UW-12 (see
Solving for t (we need weld efficiency E): Ew_fw =0.55 weld calc below)
B Msp_tube'O'Sdan_sp_tube B .
tsp_tube_M = tep._tube M = 0-033in

T

3
1_6 davg_sp_tube ’ STP304' Ew_fw

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

PMAWP' Ri_sp_tube

=0.023in OK

tsp_tube_min_circ = tsp_tube_min_circ

Stp304 Ew_fw — 0-6-Pprawp

PMAWP' Ri_sp_tube

'sp_tube.min_long = 251p304 Ew_fw + 0-4PMawP "s_tube_min_tong =001t OK
Adding the two minimum thicknesses required for longitudinal stress:
tsp_tube_long_total = tsp_tube_min_long + tsp_tube_M tsp_tube_long_total = 0.044in OK
This total required thickness is greater than that required for circumferential pressure, but still less than actual
thickness.
Weld design:

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
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FIG. UW-13.2 ATTACHMENT OF PRESSURE PARTS TO FLAT PLATES TO FORM A CORNER JOINT (CONT'D)

(b=10) anot less than 3tp

¢ not less
than t, or
C\( ty, whichever EZZZ72 & + b not less than 3t,
is less C\Q ¢ not less than tp or
ty, whichever is less
25 . Whict is |
sk g 1 5
LY
i L | | t ;
Backing strip \\ . I”_ i :fb n L Not welded
may be removed | Backing strip i tpnotlessthan
sforwadng | mavbewed) | e smalestor |77
| e By OF 1y in, - -— -—
Tm 2 welded trom = o (6 mim) iz
both sides (o) p) (q)
{m) n) Typical Nonpermissible Corner Joints

Typical Bolted Flange Connections
c, tp, and ty are as defined in 2-3

weld dimensions:
inner

. h: = .082in
ho_sp = .16in 1_sp

dimensions for fig (n) above:

outer

V2 .
Csp = Tho_sp Csp = 0.1131in tn_sp = tsp_tube
agp = tsp_tube + ho_sp agp = 0.2691n bSp =hy sp
weld criteria for fig (n) above:
Csp = 0.113in > t, sp =0.109in OK
agp + bSp =0.35lin > 3tn_sp =0.327in OK

CF flange calcs
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 :

(2) The minimum required thickness of flat unstayed
circular heads, covers and blind flanges shall be calculated

by the following formula:

t=d|CP/SE (n

v !'?G ’JTG

except when the head, cover, or blind flange is attached * %
by bolts causing an edge moment [sketches (j) and (k)] in e %7
which case the thickness shall be calculated by \_* A
[CP/SE + 1| OWho [ SEdS 2 d d

t=d |CP/SE + 1.9Whg | SEd (2) . ) . 4y

I - N B s aa

C=03 C=03
[Use Eq. (2) or (5)] [Use Eq. (2} or (5)]
(k)

(i)

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,
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ODgE , in order to find associated quantities:
— tnomCF ™
Flange size Number of bolts Knife edge diameter - tep -
1.33 6 72 T
dbolt
2.125 4 1.09 T ! \ ()
h : - .
2.75 6 1.65 \g e o3sle
3.375 8 2.20 * : S
oD 45 | N 8 . 3.04 | ob il
= in = = in S
CF™ 1 4625 CF™ 110 ke ™| 335 N
6 16 454 Qoo e N[
050 — //// / ey
8 20 6.54 ko N
10 24 8.54 A,
13.25 30 11.35 1 W\ s
Fig. 11 CF (conflat) flange dimensions
Flange size Bolt circle dia. Flange thickness Bolt dia. Height of bolt flange
1.33 1.062 285 .16 .05
2.125 1.625 47 25 .05
2.75 2.312 5 3125 .05
3.375 2.85 .62 3125 .05
oD 45 | . 3.628 | 68 | . 3125 | . 05 |
= n = m t = n = n = n
CF ™1 4625 be™ 1 403 nomCE | 75 bolt™ | 3175 171 o5
6 5.128 78 3125 .05
8 7.128 .88 3125 .05
10 9.128 97 3125 .05
13.25 12.06 1.12 375 .05
Bolt Load W:

We have several choices here, use the flange mfr.'s recommended bolt torque (T¢r mpc), @ torque found to pull
flanges together (Toe an; See ANL note in Appendix) or use a value bolt torque (T,e.) 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 T, (recommended torque) below by assigning
T\ec 1o Tcr: 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 T,,, 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
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Appendix), showing that CF flanges will leak before breaking from pressure loads.
Torques, bolt
1.33 40 7 65
2.125 163 from ref. 3, 12
2.75 163 ANL CF 15 4
3.375 197 E;epf(:t? 15 6.5
OD(f = * i TCR ANL = 27 g i SOCHMENL B e S WA Rl T
4.625 - 190 torque CE_MDC ™ | 45 rec | g5
required to
6 217 oull CF 15 9.5
8 246 flanges fully 15 10.5
10 260 together 15 1
13.25 330 26 15
Torque Used:
Tep = Tree
Total Bolt Load:
- 1.33 1463
Wep = NCF—STCF 2.125 4800
dpot 275 4608
3.375 9984
ODp = + in  Wep= 19200 Ibf
CF ™1 4625 CF ™1 18240
6 29184
8 40320
10 50688
13.25 72000
: 0.42
2.75 045
SN 3.375 0.57
tcF = (tnomcF ~ P1) 45
ODCF=| 4 625 |™ tCp = % i
0.7
6 0.73
8 0.83
10 0.92
13.25

1.07
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radial distance from

1.33
gasket load center to 0.171
bolt circle: 2.125 0267
275 0.331
3.375 0.325
4.5
— = i 0.294
OD p = in
= - CF _
hg =0.5 (dbc dke) 4.625 hg = 0.34
6 0.294
8 0.294
10 0.294
13.25 0355
E=1 Cj =023 2858
3619
Solving for pressure in eq (2) above: 2808
5 2545
S34'E | tcp 19Wephy 1591 |
P. = — P. = pst
J C 2 3 J | 1866
dke  S304E-die
1143
805
622
482

CF gasket calculations

in

All pressures are greater than:

so all CF blank flanges are suitable for use,
when torqued to T

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

2-5, Bolt Loads:

The required bolt load for the operating conditions W, is

determined in accordance with eq. (1).

u;ml = H+ Hp

0.785G*P + (2b X 3.14GmP)

(1)

(2) Before atight joint can be obtained, it is necessary
to seat the gasket or joint-contact surface properly by
applying a minimum initial load (under atmospheric tem-
perature conditions without the presence of internal pres-
sure), which is a function of the gasket material and the
effective gasket area to be seated. The minimum initial
bolt load required for this purpose W, shall be determined
in accordance with eq. (2).

W,y = 3.14bGy
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where G is the gasket diameter

for flat copper gaskets (from Table 2-5.1):
Moy flat = 4.75 YCu_flat = 13000psi

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.):
by = 80%-.0384in  .0384 in. measured from 2.75 in flange MDC CAD model; assume same for all flanges
bye =0.031in

G = dy, + 2b,, outer diameter of effective compressed gasket area

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

1

Pmi1 =
(O.785G2 + 27y mey ﬂat-G)
—_—
Pt = (Pm1"WeE)
and eq(2):

W2 = 3'Mbke'G'yCu_ﬂat

1.33 1223 980 1463
2.125 2290 1444 4800
275 1191 2146 4608
3375 1640 2836 9984

oD 45 P BT W 3889 Ibf compare--> W 19200 Ibf
= 1n = S1 = -—> =

CF ™1 4625 ml = g7 |P m2 = 4o78 CF ™1 18240
6 1400 5770 29184
8 1001 8278 40320
10 768 10786 50688
13.25 639 14310 72000

We see that the gasket preloading requirement W ., is easily exceeded by the actual preload W g, and that the
gaskets can theoretically hold far higher pressure than necessary (350 psi).

CF Blank Flange maximum opening diameter:
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UG-39(b) Single and multiple openings in flat heads
that have diameters equal to or less than one-half the head
diameter may be reinforced as follows:

UG-39(b)(1) Flat heads that have a single opening
with a diameter that does not exceed one-half the head
diameter or shortest span, as defined in UG-34, shall have
a total cross-sectional area of reinforcement for all planes
through the center of the opening not less than that given
by the formula

A = 05dt + 1, (1 - f)

where d, t,. and f, are defined in UG-37 and ¢ in UG-34.

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 t ;). From subsection UG-34 :

(2) The minimum required thickness of flat unstayed

from sketches (J), (k) C:=03 circular heads, covers and blind flanges shall be calculated
by the following formula:

weld efficiency: E:=1 (assume stock flanges only

i =d/CP/SE (n

except when the head, cover, or blind flange is attached
by bolts causing an edge moment [sketches (j) and (k)] in

C‘PMAWP 1.9WCF‘hg which case the thickness shall be calculated by
'min_CF = ODcp Sans-E + 3 t = d [CP/SE + | 9Whg | SEd’ (2)
304 S304-E-OD(R
minimum flange thickness thickness available for reinforcement
0.165 0.07
0.285 0135
0.304 0.146
0.389 0.181
t . = 0.475 in 0.155
min_CF 0.49 tCF ~ tmin CF = in
' i, 0.21
0.57 016
0.047
0.69 0.14
0.144
0.816 0.104
0.201
1.051 0.019
Area available for reinforcement 0.306 0.199
—T050 _| 0349 ). 2 0.342
Arein_CF = [0-5°ODCE (tCF ~ tmin_CF)] Atein_CF = in
0.487 0.446
Maximum central opening diameter: 0.48
0.537
. Arein_CF 0.558 ; 0.554 |
. = —_— . = mn
i_max_CF tCF 0.518 i_max_CF 0.695
Note that the above bolt torques, calculated to give maxim 0.125 0.658
allowable flange stress, essentially "use up" the reserve thickness 0.672
in the flange so that only small central openings are permitted. ‘
These torques can be modified if needed to give larger central 0.563
openings. 0.117

CF flanges with large central openings (ID>0.50D):
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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:

Flange Moment 250
1284
1525
3245
]
M W% (C _ G) M Werp-h M 2643 Ibf -i
= = . -1n
0 B 0 ( CF g) 0 6202
8580
11854
14902
Flange Stresses:
25560
From mandatory Appendix 2, subsection 2-7 Flange Stresses:
. 1.33 .625
First, compute several factors: Flange
2.125 maximum 1
2.75 inner 1.75
diameter
33751 (from MDC 2
A= OD A 3, catalogue) ID >3 B:=ID~r B
= = 1n = n = =
CF 4.625 CF 3 CF
6 4
8 6
10 8
2.128 13.25 10.75 2.726
2.125 2.731
1.571 4.47
N 1.688 5 3.885
A 1.8 | K™ log(K) 3.474
K:i=— K= Y :=| — 0.66845 + 5.717- Y =
B 1.542 K-1 2 4.659
K -1
1.5 4.961
1.333 6.903
1.25 8.83
Bolt Torque used:
1.233 9.406

o N B~ W

10.75

in
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19751 1.33
Flange Stresses (egs. 9): 19878 2.125
19240 _ 4 2.75
Tangential: 19398 5304 =2 107psi 3375
—_9 :
Y-M
0 19764 St <S OK 4.5
Spi= St = si T =304 ODf = in
T 2 T7| 10657 | CF™1 4625
top B
19969 6
Radial and Axial stresses =0 19798 8
19433 10
19534 13.25

6. Kimball Physics 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:

4=.329 =q. 1n.

=5413 =q. in
A=0775 sq. in,
Ra-dst
( ez *I,aao e
AT
5 ]

1340 F

@257

EVE

Axial Xsec Tronsverse Xsec

Fig. 12 Kimball Physics octagonal vacuum chamber ("octagon”)
Areas, minimum of half cross sections:

A = 2-0.54151n2 AL = 1.083in2 = 4-(0.329 + 0.0775) in2 = 1.626in2

circ circ Along Along

Fig. 13, section area measurements, octagon
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Radii: R; o= 3.5in note: this is largest radius (at the 2.75 in CF flanges)

Equivalent thicknesses (by dividing out radius)

B Acirc _ .
toct_circ = R. oct_circ = 0-3091in
1_oct
A
long .
toct_long = R. toct_long =0.465in
i_oct
Weld Efficiency:
E=1 machined, not welded
Minimum equivalent thicknesses:
t PMAWP R oct ) 00621 . 03091
oct_min_circ = oct_min_circ = VY041 «mpare -- oct_circ — U-2U7 10
S304' B~ 06 Pyawp pare ==
PMAWPR{_oct t =0.465in

t

t =0.031in compare --> oct_long

oct_min_long = oct_min_long

7. Source 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:

@840 5TK
4[*(05,075) 5T

" ! see Detaill

f 15,660

| 15.860 |

116
e LT

. 830
0,08
VA TIGHT Section A-A
EY e

[N E :
TURN TO FIT ITEM 1

®.500

FRONT1

I~ e 1502

SCALE 12
30 L_ Detailt
033

SCALE 51

.050
013

Fig 14, Source Insertion Tube
Tube is a 1/2 in. schedule 10S, ASME SA312 TP304 stainless pipe

Do_st = .84in Lst = 16in to = .083in

External pressure, maximum: P = -Ppawp
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The maximum allowable working external pressure is determined by the following procedure:

Compute the following two dimensionless constants:
Ly D

o_st
=19 =

=10
t

D

o_st st

From the above two quantities, we find, from fig. G in subpart 3 of Section II, the factor:
Ay =012

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

B = 14000psi

A08 FIG.G GEOMETRIC CHART FOR COMPONENTS UNDER EXTERNAL OR COMPRESSIVE LOADINGS (FOR ALL
MATERIALS) (NOTE (191 FIG. HA-L CHART FOR DETERMINING SHELL THICKNESS OF COMPONENTS UNDER EXTERNAL PRESSURE

O T T T T T T TTT DEVELOPED FOR AUSTENITIC STEEL 18Cr-8Ni, TYPE 304
w00 s s e He TS TS LS s 118 EE sIe

S1E44 e 1 + =+ 1
2 o S 20,000
T LR T
® | GENERAL NOTE: See Table HA-1 for tabular values. | D10 100} 16 o0
l | = — T ‘ ‘ ‘ 14,000
| | = Rl
WA ‘! ol =T ] FHHH 10,000
JHA | —— 700°F 9,000
VI 1 H Pt LU 6000
\ Y =1 T [ (900,00 @
\ =i Ean =200 ] 5
\! | | — — T eo0 B
I i > u fftysee g
\ 1l ll ‘l l1 L— 1T 5,000
Tt // A |~ [_[1.500°7 ™
\ SRR 2% — T
AY l\ \\ | “ =280 10 —— 4,000
E =259 X 10 o 3500
N \l | & E - 2358 % 10°) LT 5,000
I\ \\ ‘%\ \ b E =224 % 10° i~ s
E =203 % 10°
i\ 2,500
8 SRR RN/
. AN N\ NN 2000
16 2 \o} 2
| o . 3 4 56789 2 3 4 656789 2 3 4 56789 2 3 4 56789
X % \x\, 0.00001 0.0001 0.001 0.01 0.1
T T t
g z‘J 456789 \ZL 3 5:7&'9 Factor A
o oo o o

The maximum allowable working external pressure is then given by :

4B,
max_st = T N Prax_st = 1844psi  (external)

o_st

P

BY:

Pmax_st > 1-PMAWP 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: Pgg =8 am
— 3 —
W= pgg Dy g teLope em> Wy = LOI3Ibf

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

— — _ : — gm
leol = Lgt deol = Dy g — 2t dgop = 0.674in pw =193
X . cm
Weight of collimator :
T 2
Weol = chol leorPw g Weol = 398 Ibf
Moment on tube Moment of Inertia, source tube

T

) 4 4 .4
M= Weop(Lgp = 0:5lcq)) + W 0.5L Mgy = 39.91bf -in I = a(DO_St —dgg ) I =0.014in

col
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Stress, bending:

M:05D, o . B
= G = 1172psi negligible

Ot
st
ISt

Axial Compressive Stress on tube:

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

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

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

st_min =
Then, determine the quantity:

0.125
= Ay =0.007

A
stl -
(05D, &)
tst_min
From Subpart 3 of Section Il, Part D, chart HA-1:

B = 13500psi

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

LPyvawp Do st ~ oK
m Ot ax = 1328 psi
st

Ogt_ax =

Welds are nonstructural, and do not carry pressure loads (other than vacuum); they are primarily for sealing.
Window stress (mtl:304SS):

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

(2) The minimum required thickness of flat unstayed
. circular heads, covers and blind flanges shall be calculated
by = 1.5mm RW = .25in by the following formula:

E,, = 0.7 (outside HAZ, but use any t = a[cp/sE .

t =1.1mm OK

min_w
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8. Gas System (in detail) (Tom Miller, designer)

%\m
P2 ®

S

F'1®

450psi relief

e

' L”VE“J Bypass ' W3
MAWP=350psig T P4 bt Ho
EBP Backing Pump m %
cC Cold Cathode gauge vE w7 .
[o{e Cohvectran Gauge f ‘ R1 R2
Frd Flow Meter
RGA Residual Gas Analyzer A_FF% %
TC Thermocouple gauge 3 RE Cylinder
WP turbo pum i valves
pump W1 Q Gas Purifiers : W1 Y2
Filter l
Argon Henan
Purnp1 @ 1 gas gas
supply supply
s | -— cylinder cylinder
Apsig Relief
! | ol
Ha -
i 350psig Relief
w10
Bl () o ? Tl
Cabling W11 T Cy2 R3
Feedthrough }X |
7 J :
%12 I
1500psi relief
H5 W14
Gas Exit \ Main Pressure Vessel l
GAS INPUT psl P ? o+ T3
Xenon
=} 1
L Ha reclamation
cylinder (C1)
10psig L
Rupture disc VIG
iCC Pa LN2 hath
~
"‘@F)_ VP ] Transducer Tewas
W17
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.V1VvV2V3V4V5V6V7V8VIV10V11V1i2V13V14Vi5V16 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-V1V2V3V4V5V6V7V8VIVI0V11Vi2V13V14V15V16 V17

. 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.V1VvV2V3V4V5V6V7V8V9V10V1i1V1i2V13V14V15Vi6 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- V1V2V3Vv4V5V6V7V8VIV1I0Vi1Vi2V13V14V15V16 V17

k. Proceed to step 3.

3. Argon purge

a. V1v2v3v4V5Ve6V7V8V9V10V11Vi2V13V14V15V16 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.

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

m. V1 V2V3V4V5V6V7V8VIV10Vi1 Vi2Vi3V14Vi5V16 V17
n. Proceed to step 4

4. Post-purge pump-down

a.V1v2v3Vv4V5V6V7V8V9V10V1i1V1i2V13V14V15V16 V17

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

¢. 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.

V1V2V3V4V5V6V7V8V9IV10Vi1V12V13V14V15V16 V17
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.
a.
b.
c.
d.
e.

Xenon reclamation cylinder fill procedure
V1V2V3V4V5V6V7V8VIV1I0 Vi1 VI2V13V14V15Vi6 V17
Back off R2. Open V2 and V12.

Open V13 and V14. Check that V10 is closed.

Set R2 to 200psig

Carefully open V4

f. Once P3 reads 200psig, close V4

g.
h.

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

|. Close V4 and V14.
m. Open V2. Set R2 to 50psig

n.

Open V4

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

p. Open V14,

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

r. Close V13 and V14. Stop chilling C1.
s.V1V2V3V4V5V6V7V8V9V10Vi1Vi2V13V14V15V16 V17

t. Proceed to step 6

6. Chamber fill from Xenon reclamation cylinder
a.vV1v2v3v4V5VeV7Vv8Vv9 V10 Vil Vi2V13 V14 V15V16 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

I. When P3= 300psig (225psig initial), close V13 and V14
m. Close V5, V6, V8. Back off R3.

n.
0.

Q ™ 0O QT o N

TPC is ready to operate
V1V2V3V4V5V6V7V8VIV10 V11 V12 V13 V14V15V16 V17

. TPC operation

.V1V2V3V4V5V6V7V8V9I V10 V11Vi2V13 V14 V15V16 V17
. Open V6,V7 or V8,V9 and V11

. Start pump1

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

Log flow and pressure at P4, if desired

.V1Vv2v3v4V5V6V7V8V9V10Vi1V1i2V13 V14 V15V16 V17 (V8,V9 may be open

instead of V6,V7)

. TPC shutdown
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.V1Vv2Vv3Vv4vV5V6V7V8V9 V10 V11 Vi2 V13 V14 V15V16 V17 (V8,V9 may be open instead of V6,V7)
. Stop pump1

. Close V6-V9, as required.

. Stop data logger

.V1VvV2V3Vv4V5V6V7V8VI V10 Vi1 V1i2V13V14V15V16 V17

® OO0 TOw

. Cryogenic Xenon reclamation from TPC

.V1V2V3V4V5V6 V7 V8VIVi0 Vi1 Vi2V13Vi4Vi5V16 V17
. Open V5, V13, V14. Close V12

. Chill C1 with LN.

. Once P4 bases out, close V13.

. Close V14.
f.v1V2V3V4V5V6V7V8V9IV1I0Vi1V12V13V14V15V16 V17

O QOO T D ©

10. Let-up to Argon

a.V1v2v3Vv4V5V6V7V8V9V10V1i1 Vi2V13V14V15V16 V17

b. Back off R1. Open V1

c. Set R1 to 15psig

c. Open V4

d. When P3 > Opsig, 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.V1V2V3V4V5V6V7V8VIV10V11V12V13V14V15V16 V17

11. Replacement of Argon gas supply cylinder
a.V1Vv2v3Vv4V5V6V7V8V9 V10 Vi1 V12 V13 V14 Vi5V16 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.V1V2V3V4V5V6V7V8VIV10V11V12V13V14V15V16 V17

12. Replacement of Xenon gas supply cylinder
a.V1Vv2v3Vv4V5V6V7V8V9I V10 Vi1 V12V13 V14 Vi5V16 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.V1V2V3V4V5V6V7V8VIV10V11V12V13V14V15V16 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)

Qe = 300SCFH

. Qreg = 3 SCFM

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

= R3A
Air Flow, std L/min — R4

0 ; 500 10|DO 1500 2000 2500

-

=]

S
|

_ Set Pressure
550 psig (37.8 bar)

@

o

=}
|

500 — -

350 psig (24.1 bar) 30
400— /

=

300— 200 psig (13.7 bar) —20
200 == -

T T I e A A A
0 10 20 30 40 50 60 70 80 90 100

Air Flow, std ft3/min
Fig 16. Pressure Relief Pressure Drop

Inlet Pressure, psig
Inlet Pressure, bar

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

reg’

P, 1ot = 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

-1=57% OK
350psi
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TPC Gas System parts list

Pressure
1D MFR. Part Number E Note/Product Description ratirg {psig)
Swagelok
W34 VIOV WY SE-8BGYAT-YD 1/2" valve Femnale WCR 000
" (rixed) S5-8BGYCR-YD 172" vahe Male WCR 000
aa-CHYCRE-1/3 172" YCR check valve 1/3 psi apening 6O00
S5-R4MEFE-SC11 Relief valve .25 arifice BO00
So-dR3AS Felief valve .14 arifice BO000
177-R3AKIT-A 350-750 psi spring kit far line B -
177-REA KT -A 0-350 psi spring kit fo line B
177-13K-R4-A 0-350 psi spring kit fo- line 5 -
=3-FhdRMARFA-12 1/" %CR haose MAF fittings 12" Ig 3100
S5-4-CR-7-8VCRF-5C11 172" to 174" VCR reducing adapter 14300
S5-8-WWCR-B-DF-3C11 1/2" %CR close couplng 5300
J 5E-E-WCR-T-5C11 172" WCR Tee 10300
Mi--8-%CR-2-5C11 - 172" Ag plated NiCR gasket -
Mi-4-%CR-2-3C11 - 174" Ag plated Ni %CR gasket
55-8-VCR-CP-5CM 172" VCR cap
55-8-vCR-P-5C11 12" TR plug -
S5-8-vCR-9-5C11 172" VTR elbow 10500
S5-4VCR-2-4-501 14" VTR elbow 14300
Filter S5-6TF215-5C1 15 micron TF type filter 38 MPT 3000
S5-8-VCR-7T-B-5C11 38 NPT to 1/2" VR “emale connector 5300
S5-8-VCR-7-8-5CN 1£2 NPT to 12" WCR ‘ernale connector 4900
55-4-%CR-1-4-5C11 1/4 NPT to 1/4" VCR nale connector 8000
55-8-YCR-4-5C11 172" %CR Male tube nut -
55-8-vCR-1-3C11 172" %CR female tube nut
So-4-4CR-4-5011 1/4" %CR Male tube nut
S5-4-vCR-1-3C11 1/4" %CR female tube nut -
55-8-vCR-3-5C11 172" VTR socket wele 3000
55-6-YCR-3-5C11 12" %CR socket wele 378 tube 8200
S5-FMARFARF4-36 174" %CR hose F fittings 36" 1g 3100
S5-FMARMARF4-48 174" %CR hose MF fittings 48" 1y 3100
=o-FWARFARFA-24H 1/4" YCH hose F fittings 24" 1g 3100
53-6-RB-4-5C1 3/8 MPT to 1/4 NPT reducing bushing 3000
BL%-8-%CR-35-4TE7 172 %CR to 174" tube educing gland 5100
- 38 0D ¥ 0358V 31B5ST Tubing 2938
- 1/4 0D x .035Wy 31655T Tubing 4375
35-8-vCR-C3 1/2" %CR cross 10500
55-4-WNCR-1-4 174 MPT male to 144 VCR fermale 10200
S5-4-WCR-T 1/4" VTR tes 14300
S5-4-WCR-CS 174" %CR cross 14300
55-0EYET 114" % CR diaphragm valve 2500
SS-4-WAWCR-T-4 174" fern VCR to 144 fern NPT GE00
S5-8-VCR-3-4TEW 172 WCH to 174" tube -educing gland 13600
55-4-MCR-3 1/4 %CR socket weld gland 5500
S5-0-%CR-B-DM-4 Double male %CR reducing union 1/2 to 1/4 10200
53-4-CR-7-4 174 male YCR to 174" NPT female BEO0
S5-4-CR-1-00032 174 male YCR to 9416-18 adapter 14300
55-8-CR-1-01081 172 male “CR to 9416-18 adapter 15000
S5-4-WCR-3-4TA 174 swage to 174 WCR gland 10200
F1 P2 4066418 0-600 psig dry gauge BOO
F3 400548 0-400 psig dry gauge 400
PS5 355224 0-2000 psig dry gauge 2000

Arme Creanenics for | 1R arie 3
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] == =
11 1 ¥enon condensation cylinder 3000
| Pump Warks Inc.
1P1 PW2070 Fositive displacement purmp 1400
SAES Pure Gas inc.
HF130 inert gas purifier 1000
| W CE0 inert gas purifier 1000
%584 valves supplied w' above purifiers 1000
| Carten
%16 HF2000 2" straight thru valve 350
| Matheson
|R3 3818-5580 15-350 psi regulator with G type inlet 3500
| Omega
IFMT, P2 Frd&1818 flowmeter Sslpm 500
P WM G500 10P3COTIAG a00 psig pressure transducer 500
|TC EN202108/TC-K-MPT-U-72/3" || Pipe plug TC probe 2500
Ceramtec
18088-01-CF SHY-20 Coaxial feedthrough, 1.33" CF flange 250
3530-02-CF SHY-S Coaxial Feedthrough, 1.33" CF flange 1400
18898-01-CF Fultipin feedthrough 2.75" CF flange, 32 pin 375

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.

283. 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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vent vaive
vV

Legend
1 Vent valve
2 Reqqlalor
Safety manifold § 3 Fill valve
—A-Rellef¥alve— optional
3000 20
—5060 psig (24 MPA) MAWP]  (set at not over 120%
of the test pressure)
Nitrogen, bhallum, argon,
compreasad alr, or house alr

* Test gavge must have a solid front, blow-oul back, and securaly
attached plastic face If over &-Inches In {100-mm) dlameter and graduated
1¢ over 200 ps! (1.4 MPa). The scale should be about double the fest
pressure and never less than 1.2 times the maximum 1ast pressure.

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. SNOORP - 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 Systems and Vesselé
General Information (Format - Dates: MM/DD/YYYY ; Names: Last name, First name )
ME Test No 2236 RD No
Temp
MAWP 150 PSIG - From 40 To 70 F
Status Oper Mode Config Asof Date  As per Person
IN USE " Manned - Vessel ;- .
Inspector - Cert  FAIRCHILD, RICHARD F 0028768 - !I{’rsa?n;e Please specify -
System Fluid Helium
Device Owner 002678 S Designer  DOBIE D.
HEFFNER, MICHAELD R
Ex: LASTNAME, FIRSTNAME
:IR Please specify
Inspection Date 12/13/2006 Test Date 12/13/2006
Inspection Freq 3 years - TestFreq 6years
Expiration Date 12/13/2009 - l
Safety Document Secondary Safety Document
MESN - 01-091-0A :
Location Facility Room
LLNL 194A QT 1131
AD PAD
Department Name not found
Division Name not found
SPRINGER,
Assurance Manager THOMSON, STEPHEN B FPOC Alternate MICHAEL B
Facility Contact LIND, SUSAN G FPOC Exception name Not
Description (also appears on label) Comments
Il "Main pressure vessel #1 (AAA9S- This system was retested on
104242, weld flange). Derated 12/13/2006 to 225 for helium only
vessels on 8/31/01 to 150psig. at 130 PSIG .RF.Have tested an
Vessel feed thrus will not have add on
blast covers, Vessel will expire cone and flang it was tested at
on original experation date of 343 by RF on 3/5/07.
6/01/02,Stored in place as per
Bob Foexschler 8/12/03"
[ Save | [ AssignRD(s) ][ PrintLabels ][ View Test Insp ][ NewTestinsp || Copy |
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Maintain PTRS Te
Test Information (Dates should be In the format MM/DD/YYYY)

sts and Inspections

Daie 12/13/2006
Test Fluid Helium
Test Temp 70 F

This system was tested to 225PSIG
with Helium and will be used with
He only at 130 PSIG.

ME Test No 2286

Test Request No TR-4191

Test Pressure 225 PSIG -

Size Measurements (pressure veasel tests ONLY) Test Comments
Location ||Before Test  |After Test Difference
(marked)li(inches) {inches) (incheg)

Top ’
Center
Bottom

Question

Record.

Inspection Information
Inspect the following and check the appropriate column, explaining as required, Status iz OK or Noi Applicable

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 eafe direction or safely vented

3. All fittings and vessel seals are leak tight

4. Replaced or added fittings, gauges, valves (and piping*) are @O0
properly rated

5. All system components are adequately secured

OK N/ARemarks
® C

® 0O
® C
® O
® O

® O

8. Valve packing nuts are tight and locked (if focking type) O ® NA

7. Oll Is not apparent on or in* gas (espacially oxygen) systems @ )
8. The outaide surface of the vessel shows no evidence of - ® O
straln, damage or corrosion, -
8. The inslde surface of the vessel shows no evidence of strain, ® O
damage or corroslon.

10. Lined vessel vent path is unobstructed: check with helium O @& N/A

11. Vessel or system seals are leak-tight. Have replaced as @ O
required =
12. The vessel or system is safe for continuing operation @ O

13. Vessel or system was pressure tested within the [ast 6
years, or as required by the safety note. If not, and certified for ® O
manned area operation, retest it and submit a Pressure Test ~

* consider assurance by the responsible user as safisfactory verification

This data applies to a ® Test () Inspection Only
LL3586 (Feb.2000); Send this completed form to the LLNL Pressure Inspector at 1.-383

FAIRCHILD, RICHARD F 002976

| Save | [ GotoSys/Vess | | PrintLabels ] [ Copy Testlnsp | | Cancel |

hitps://biweb.lInl.gov/pls/Ib/ptes.ptrs_get sv_pgl.ptes edit form_pr

3/5/2010
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General Information (Format - Dates: MM/DD/YYYY ; Names: Last name, First name )

RD Number
MAWP

Status
DELETED

Inspector

System Fluid

Device Owner

Inspection Date
(MM/DD/YYYY)

Inspection Freq
Expiration Date

6224
151 PSIG -,

FAIRCHILD, RICHARD F 002976

Helium

141683 Q

CARTER, DARRELL D
Ex: LASTNAME, FIRSTNAME

12/11/2006

Jyears -
12/11/2008

@

ME #

Deleted as of
03/01/2010

PR # 9785 - ST-TRED-TECHNOLOGY RESOURCES ENGINEERING

Safety Document
N/A o

Location
LLNL

AD

Department
Division

Assurance Manager

Facility Contact
Comments

Secondary Safety Document

Facility
194A

R@

ST-ENGR-ENGINEERING

Name not found

ST-TRED-TECHNOLOGY
RESOURCES ENGINEERING

THOMSON, STEPHEN B

LIND, SUSAN G

| save || Copy || Cancel |

Room
1131

PAD

FPOC Alternate
FPOC Exception

N0.876 pal. Jof1

ml

Deleted per Person
CARTER, DARRELL D

ST-8T PAD-SCIENGC
TECHNOLOGY

SPRINGER, MICHAE
Nzame Not Found
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Maintain PTRS Tests and Inspections:

Page 1 of 2

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 Before Test A_fter Test Difference RD 6901 and RD 7319 have a 402
(marked)j(inches) (inches) (inches) | ps1c MAWP and will be used with
Top pressure vessels #1 and # 2.
Used with ME2349, ME2350, ME2351,
Center ME2352, and ME2353. 2 Flanges
were made under the same drawing
Bottom number Modified Test temp -320

Inspection Information
Inspect the following and check the appropriate column, explaining as required. Status is OK or Not
Applicable

Question

1. General appearance of system (or vessel)
2. Relief devices are: ® O
a) properly set (have them checked - reset as required) -

OK N/ARemarks

@ (

b) properly seated @ C
c) pointed in safe direction or safely vented @ C
3. All fittings and vessel seals are leak tight @ C
4. Replaced or added fittings, gauges, valves (and ® C
piping*) are properly rated -
5. All system components are adequately secured @ C
6. Valve packing nuts are tight and locked (if locking @ N/A
type) -
7. QOil is not apparent on or in* gas (especially oxygen) ® C
systems - =
8. The outside surface of the vessel shows no evidence ® O
of strain, damage or corrosion. -
9. The inside surface of the vessel shows no evidence of ® O
strain, damage or corrosion. -
10. Lined vessel vent path is unobstructed: check with @ NA
helium -
11. Vessel or system seals are leak-tight. Have replaced ® O
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 ® O
certified for manned area operation, retest it and submita = -
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

https://biweb.1lnl.gov/pls/Ib/ptrs.ptrs get sv pgl.ptrs edit form pr

3/15/2010
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Save | [ GotoSys/Vess | [ PrintLabels | [ Copy Test/lnsp | | Cancel |
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Maintain PTRS Systems and Vessels: Page 1 of 2

Maintain Systems and Vessels ?
General Information (Format - Dates: MM/DD/YYYY ; Names: Last name, First name )
ME Test No 2356 RD No
Temp
MAWP 402 PSIG From -320 To 70 F
Stored as
Status Oper Mode Config of Stored per Person
STORED Manned Vessel 09/17/2004  DATA MIGRATION - M
Inspector - Insp - .
Cert JUAREZ, ALBERT 454886 Trainee Please specify
System Fluid Ar/CH4/CO2/He/P10/Xe
Device Owner 002103 % Designer DOBIE D.
SPRINGER, MICHAELB 9 ﬁi
Ex: LASTNAME, FIRSTNAME
PIR 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 Secondary Safety Document
MESN 99-020-0OA
Location Facility Room
LLNL 1328 QI 2723
AD PAD
Department Name not found
Division Name not found
GOVERNOR,
Assurance Manager THOMSON, STEPHEN B FPOC Alternate EDWARD J
Facility Contact MCANENEY, GERALD P FPOC Exception oo N!
Description (also appears on label) Comments

https://biweb.1lnl.gov/pls/Ib/ptrs.ptrs get tst insp pgl.ptrs edit form pr 3/15/2010
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"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 ]

https://biweb.1lnl.gov/pls/Ib/ptrs.ptrs get tst insp pgl.ptrs edit form pr 3/15/2010



Maintain PTRS Tests and Inspections:
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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 Before Test A_fterTest Difference This system was tested to 225
(marked)j|(inches) (inches) (inches) | ps1c with helium to be used with
Top helium only at 130PSIG.

Center

Bottom

Inspection Information

Inspect the following and check the appropriate column, explaining as required. Status is OK or Not
Applicable

Question OK N/ARemarks
1. General appearance of system (or vessel) @® C
2. Relief devices are: @ 0 6262
a) properly set (have them checked - reset as required) -
b) properly seated ® C
c) pointed in safe direction or safely vented @ C
3. All fittings and vessel seals are leak tight @ C
4. Replaced or added fittings, gauges, valves (and ® C
piping*) are properly rated -
5. All system components are adequately secured @ C
6. Valve packing nuts are tight and locked (if locking -

@ N/A
type)
7. Oil is not apparent on or in* gas (especially oxygen) ® C
systems - =

8. The outside surface of the vessel shows no evidence ® O
of strain, damage or corrosion. -
9. The inside surface of the vessel shows no evidence of -,

strain, damage or corrosion. @ L
10. Lined vessel vent path is unobstructed: check with _
. (@ N/A
helium
11. Vessel or system seals are leak-tight. Have replaced ® O
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 ® O
certified for manned area operation, retest it and submita = -
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

https://biweb.1lnl.gov/pls/Ib/ptrs.ptrs get sv pgl.ptrs edit form pr
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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
Temp
MAWP 150 PSIG From 40 To 70 F
Status Oper Mode Config As of Date As per Person
IN USE Manned Vessel
Inspector - Insp - .
Cert SWITZER, VERNON A 876136 Trainee Please specify
System Fluid  Helium
Device Owner 002678 % Designer DOBIE D.
HEFFNER, MICHAEL D B ﬁ
Ex: LASTNAME, FIRSTNAME
;/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 Secondary Safety Document
MESN 01-091-0OA
Location Facility Room
LLNL 194A Q@ 1131
ST-ST PAD-
AD ST NG PAD SCIENCE,
TECHNOLOGY
Department Name not found
ST-TRED-
L TECHNOLOGY
Division RESOURCES
ENGINEERING
SPRINGER,
Assurance Manager THOMSON, STEPHEN B FPOC Alternate MICHAEL B
Facility Contact LIND, SUSAN G FPOC Exception ',;'gg:% Not
Description (also appears on label) Comments
https://biweb.1llnl.gov/pls/Ib/ptrs.ptrs find pgl.ptrs edit form pr?p ptrs rd room loc de... 3/15/2010
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Pressure vessel #2. Derated This system was tested on

vessels on 8/31/01 to 150psig. 12/13/2006 to 225PSIG with Heluim
Vessel feed thrus will not have for use with He only at 130PSIG
blast covers. Vessel will expire .RF Have tested an add on

on original experation date of cone and flang it was tested at
6/01/02. Stored in place as per 343 by RF on 3/5/07.

Bob Foerschler 8/12/03

[ Save ][ Assign RD(s) ] [ Print Labels ] [ View Test Insp ] [ New Test Insp ] [ Copy ]
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MESN99-020-0A
Page 3
Description

This safety note covers the design of time projection chambers (TPC) used in a full
volume imaging detector. The chambers are used in building 132N, room 2723. There are
three parts to the full volume imaging detector system. The first part is the gas
purification subsystem that is used to purify and deliver electronegative free
(99.9999999%) gas. This part of the system is being built commercially by Insync
Systems. The second part of the system, designed and built at LLNL, includes the time
projection chambers (TPC) where the experiments will be performed. Gas, from the
purification panel, feeds the TPC’s that will nominally operate at 300 psig but are being
designed for 350 psig maximum operating pressure (MOP). It will be necessary to work
around the TPC’s with radioactive sealed sources for testing and calibration; thus this is a
manned operation. The third part of the system uses cylinders to reclaim the purified gas.
These cylinders have been fabricated by ACME CRYOGENICS INC. and are rated by
them at 3000 psig MAWP. Gas will be transferred in the TPC system by thermal cycles,
using LN2 to create the temperature gradient inside the chamber via conduction through
the walls of the cryogenic thimble. A certain percentage of alcohol may be used in the
LN2 bath to move the temperature of the bath above 73K.

The TPC’s are the experimental chambers designed at LLNL. These chambers are used
for two purposes but were mechanically designed to be identical. The first chamber will
be used as an ionization chamber where electron drift will be used as a measure of gas
purity. The second chamber is the actual TPC itself, which is used for position sensitive
readout of electron clouds and hence gamma ray imaging. Figure 1 depicts a TPC with its
associated hardware. In the experimental setup, the chambers are connected together
with high pressure tubing. The chambers have been designed to allow a 400 keV gamma
ray to penetrate the chamber wall in well-defined places, specifically in the center of the
2 3/4 inch conflat flange and in a linear series of VCR blanks on the side of the chamber.
It will be necessary to use radioactive sources in conjunction with these windows to
probe the capabilities of the chamber. The 1 3/4 inch conflat flanges has been outfitted
with a high voltage (20 kV) ceramic feedthrough from Ceramaseal. Many of the
penetrations into the chamber and the internals of the chamber are attached to the conflat
gasketed chamber head to allow easy removal from the chamber body. The chambers
will be filled with a gas (Ar, Xe, along with at least one the following: CH4, CO2, and
P10) using the 135psi gas purification system and then condensed by cooling the
chamber using a cryogenic thimble. LN2 will envelope the outside of the thimble creating
non-uniform thermal stresses along with membrane stress throughout the vessel.

This ME Safety Note is required because the TPC of the system contains compressed gas
at pressures exceeding 150 psig or 100kJ of stored energy. This Safety Note covers the
vessel depicted in Figure 1 up to and including the output connections, If required, a
separate safety note will cover the remaining parts of full volume imaging detector
system less the TCP’s.
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Figure 1 — Diagram of the Time Projection Chambers (TPC)
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Operational Hazards

Associated hazards are those typical of any high pressure gas system. Failure of a vessel
or component could result in either shrapnel or a blast overpressure to the body. Since
the gases involved are not air, there is also the potential concern of asphyxiation. Other
hazards include physical exposure to the radioactive sealed source and cold temperatures.
The hazards other than those associated with the pressure vessel will be addressed by the
FSP (if applicable) or separate OSP for this experiment.

Procedures

Design safety factors are robust for all intended pressures. The system is adequately
protected by a pressure relief device at a VCR port so that components cannot be over-
pressurized. This document also specifies shielding requirements for personnel protection
from shrapnel in the event of an accident. However, an OSP for this experiment will
address associated interlocks and operational steps required during pressurization.

Calculations
The following will certify the TPC for this system:

[1] Hardware and Fabrication
The vessel is fabricated using commercially purchased metals. Fabrication and
joining techniques are also standard technology. Welding was performed by
LLNL ASME certified welders experienced in pressure systems.

{2]  Engineered Design
The system design has relief devices at strategic locations (a VCR fitting) to

insure that the MAWZP’s are never exceeded.

An evaluation of high risk pressure components indicated that a Ceramaseal feed-
through may fail if improperly handled. Specifically, the weld joint at the Conflat
is susceptible to bending and fracture. To minimize this risk, a fragment
deflector/stop fixture was designed and will be mounted in front of the head
where the Ceramaseal is mounted. A Kevlar drape will also be employed if this
device fails to capture all fragments. This stop and Kevlar drape will be
interlocked during pressure vessel operation.

[3]  Testing
Detailed proof testing procedures at 1.5 times MAWP and at the working
temperature, induced by LN2 cooling, have been developed and are enclosed as
Appendix A. Successful completion of these procedures by a LLNL pressure
inspector will complete the certification of the TPC’s. Proof testing is the crux of
pressure vessel qualification for fracture critical components and is best stated
from literature® as follows:




[4]

MESN99-020-OA
Page 6

“The critical flaw size associated with proof test conditions can also be used for
life expectance considerations. Specifically, if a pressure vessel survives a given
proof test it can be concluded that the largest defect present in the structure is
smaller than the critical flaw size at the proof test conditions. Therefore, in the
absence of non-destructive inspection, this flaw size can be considered the
existing flaw size at the beginning of life at the operating conditions and would, in
turn, serve as the basis for further crack growth consideration™ (also see fracture
analysis below).

The vessel has been designed to meet ASME Boiler and Pressure Vessel Code
design guidelines. Stresses are low enough to eliminate the need for impact
testing of the material in the heat effected zones created by the butt welds, UHA-
51 (g} (see misc.nb calculations in Appendix C). The ASME Code also exempt
austenitic, chromium-nickel stainless steels from impact testing, UHA-
51(d)(1)(a). Thus, the base materials 304L and 316L are exempt.

Calculations

Most calculations were done using ASME Pressure Vessel Code, Section VIII,
Division 1 guidelines. The TPC has a MAWP of 978 psig when using the C-Ring
type head (no openings) and 402 psig for the Conflat type head(s) (with and
without openings). A future addendum to this safety note will cover a head (with
openings) to be used at 978 psig MAWP, The allowable stresses used in all
calculations are based on values found in the ASME Pressure Vessel Code,
Section II. For both 316L and 304L the allowable stress is 16,700 psi which
provides a nominal Safety Factor of ~5 in all Pressure Vessel Code calculations
(i.e., head thickness, maximum vessel pressure, minimum wall thickness, etc). The
following tables are summaries of the detailed calculations found in Appendix A.

Vessel

The energy in each pressure vessel was calculated to be 55, 852 ft-Ib. or 16.4 g
TNT at the MAWP of 978 psig. The following table summarizes the analytical
results for the main 8 inch schedule 80 pressure vessel, the detector pipe, the VCR
“Cajon” fittings/ pipes, and the LN pipe connected to the main vessel. All tubing
is 316L. Calculations were made at a MAWP of 978 psig. The last column refers
to the ratio of yield stress (37ksi) to Von Mises stress at the test pressure of 1.5 x
MAWP. Values must be greater than 1.0 for a safe proof test.

Von
Mises

(psi)

S1 (psi) | S2 (psi) Actual
wall

thickness
(in)

S3 (psi) Required

wall
thickness

(in)

If=1.0
stress less
than yield
for
1.5xMA
WP

Main 8”
vessel

3499 7976 -978 7755 0.336 0.500 32

Detector pipe
2.87 0D

1839 4657 -978 4880 0.102 0.275 5.1
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VCR pipe
0.57 0D

1739 4455 -978 4705 0.012 0.050 5.2

N2 pipe
1.9” OD

1618 4214 -978 4496 0.066 0.200 5.5

Analytical results for welds, area reinforcement, and their related loads that attach
the detector pipe, LN, pipe, and VCR pipe to the main vessel shell are detailed in
the table below at a MAWP of 978 psig. Generally, if the nozzle and fillet weld
load paths are greater than the total weld load, then the strengths are sufficient.
The total weld load (W~(Area required — Area available)* Allowable stress)) for
the VCR pipe is less than 0 because the vessel wall is 0.160” thicker than required
creating much more area available than required. Thus, the area available is
greater than the area removed and a negative number results.

Area of
mat’l.
required
(in"2)

Area of
mat’l. avail.
(in"2)

Total weld
load (1b)

Fillet weld
load path (1b)

Nozzle wall
load path (Ib)

Detector pipe

0.780 0.800 8172 13172 12749

LN, pipe

0.504 0.508 5396 6243 6106

VCR pipe

0.134 0.194 <0 413 402

The butt welds connecting the hub to the main vessel and the ellipsiodal head to
the main vessel, the ellipsiodal head on liquid nitrogen pipe, and the hub to the
detector pipe, reduced the allowable working pressure in the vessel they are
connected to by ‘E’ (butt weld efficiency). An ‘E’ of 0.7 was used for these welds
which reduced their associated allowable working pressures to 1421 psig, 6979
psig, and 6139 psig for the of the main vessel, LN pipe, and detector pipe
respectively. Again, all of these calculated pressures use an allowable stress of
16,700 psi which has a nominal SF = 5.0 so an additional SF of 1.5 (1421 /978) is
obtained. Using a butt weld efficiency of 0.7 allows no radiography to be
performed on the welds according to the ASME Boiler and Pressure Codes.

The VCR, LN3, and detector port openings in the vessel shell are mounted 90° to
each other. The radial distance between hole centers is approximately 6.0 inches.
ASME Boiler Code requires that all openings be less than the sum of their

respective diameters. The maximum sum of the diameters is 3.37 inches between
LN; and the detector port.

Holes that do not penetrate the vessel shell may be required to horizontally mount
the vessel. The depth of tapped 1/4-20 holes and 3/8-16 holes shall be < 0.25
inches. Holes can not be placed near other openings or reinforcements.

Head / Flange Calculations

The following table summarizes the analytical results for the integral flange butt
welded to the main access port and the small flange butt welded on the side of the
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vessel (detector port). Again, the allowable stress in 16,700 psi for the base

material. Also, the ASME allowable hub stress is 1.5 time the allowable stress.

Flange MOP Longitudi | Radial Tangential
nal hub flange flange
stress stress (psi) | stress (psi)
(psi)

Main 850 16973 6327 4173

10.5” OD

Main 350 6388 2381 1571

10.5” OD

Detector 850 13998 2794 7367

4.625” OD

The head for operating at 850 psig, uses a C-Ring type metal seal and is made
from 304L stainless steel. The (24) required bolts for this flange are Unbrako KS
1216 1/27-13 SHCS with a tensile strength of 160,000 psi (or 304 Stainless Steel
with a 81 ksi tensile strength). The main flange for operating at 350 psig is a
Conflat (CF) type (304L), sealed with a soft copper flat gasket to a knife edge.
The (24) required bolts for this flange are Unbrako KS 1216 1/27-13 SHCS with a
tensile strength of 160,000 psi (or 304 Stainless Steel with a 81 ksi tensile
strength). All other CF flanges (1 1/3 and 2 3/4 inch) shall be bolted to the 350
MOP head using Unbrako KS 1216 psi (or 304 Stainless Steel with a 81 ksi
tensile strength), 8-32 or 1/4-28 SHCS as required.

The smaller 4 5/8” CF type flange for the detector port requires 10 bolts, Unbrako
KS 1216 5/16”-24 SHCS with a tensile strength of 160,000 psi (or 304 Stainless
Steel with a 81 ksi tensile strength) and is made from 304L stainless steel. The
following table summarizes the fastener calculations.

Flange MOP | No. |Bolt Torqu | Flange design | Flange Max.
of e (in- | bolt load, design bolt | allowable
bolts 1b) operating. load, gasket | bolt load (SF
(Ib) seal. (lb) 4 applied)
Main, C-ring | 850 |24 1/2-13 | 1140 | 58850 96913 134976
10.5” OD ’
Main, CF 350 |24 1/2-13 | 1140 | 24677 79827 134976
10.57 OD
Detector 850 10 5/16- | 347 10144 15452 20760
4.625” OD 24
11/3”CF 350 |6 #8-32 |51 231 230 2936
2 3/4” CF 350 {6 1/4-28 | 152 1015 527 7937

Analytical results for the commercially purchased SA316 ellipsiodal head on
main vessel, nominal wall thickness 0.5 inches and the SA316 ellipsiodal head on
liquid nitrogen pipe, nominal wall thickness 0.2 inches follows. The head
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thickness calculations were done at the MAWP of 978 psig and allow for strength
reduction due to the butt weld connecting them to the vessel.

MOP

Max, Required | Actual If>1.0
pressure head head stress less
(psig) thickness | thickness than yield
(in) (in) for 1.5x
MAWP
Main 850 1513 0.320 0.500 1.03
vessel
LN; pipe | 850 3036 0.063 0.200 2.07

Results of the unstayed flat heads are presented in the table below. Two head
types are planned for the main vessel, one CF type for low pressures at 350 MOP
that has instrumentation ports, and one C-Ring type for high pressure (850 MOP)
for vessel pressure testing and to be modified for a future head design (and
subsequently proof tested along with a Safety Note Addendum). Stress
concentration factors for the circular holes in a plate with internal pressure were
used from empirical data in Wiley”. Although not a perfectly matching model to
Wiley, the concentration factors used are conservative. The stress concentration
factor (2.278) reduced the allowable stress to 7,331 psi from 16,700 psi. Hole
reinforcement requirements were also calculated using the ASME Codes. These
results confirmed the thickness requirements using Wiley stress concentration
factors.

Results of two types of Conflat feedthrough heads mounted to the 10.5 inch CF
flange are also presented below. All head thickness calculations use the ASME
head equation involving bending with the exception of the 2 3/4 inch CF where
both bending and no bending cases were used. This flange was bored out to leave
a head depth of 0.125” by 1.5” in diameter. The flange thickness around its
mounting holes and under its knife edge remains at the nominal flange thickness
of 0.5 inches. Thus, calculations were made for both and summarized below. A
minimum thickness for the 1/2 inch VCR plug is calculated. The pressure side of
a VCR plug is bored out 1/4 inch in diameter to this minimum thickness to be
used as a gamma port.

Flange type MOP | Required Actual head | Required hub | Actual hub
head thickness (in) | thickness (in) | thickness
thickness (in) (in)

Conflat flange, Cu seal | 350 1.261 1 1.5 0.624 1.250

AAA99-104240

C-Ring type metal seal. | 850 1.247 1.980 0.661 1.250

AAA99-104243

Conflat flange, 4 5/8” | 850 0.613 0.750 0.423 0.810

@, x 0.750” thick.

Commercial product
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11/3” CF 350 0.100 0.300 N/A N/A
2 3/4” CF 350 0.178/0.092 10.5/0.,125 N/A N/A
VCR plug 850 0.052 0.052 N/A N/A

Blind holes in the unstayed flat head were analyzed on the basis of area
replacement. If the actual cross-sectional area available was greater than the
cross-sectional area required, reinforcement was not required. The following table
summarizes the results for the 350 MOP flat head. These calculations can also
apply to blind mounting holes of the same dimension for mounting and handling
the head with the caveat that hole can not be placed near other openings or

reinforcements.
Hole type: Area available | Area required
(in"2) (in"2)
8-32 mini conflat holes 0.195 0.051
8-32 mounting bracket holes | 0.205 0.041
(internal)
1/4-28 medium conflat holes | 0.250 0.125

Contflat (CF) flanges are used as connecting members and instrumentation
feedthroughs in this pressure vessel design. Five 1 1/3 inch on a 5.5 inch bolt
circle pattern and one 2 3/4 inch centrally located CF flanges are used on the 350
MOP head. A 4 5/8 inch CF flange is used on the detector port (850 MOP).

CF flanges were pressure tested in 1992 under the safety note END 92-072. The 1
1/3 inch nominally sized CF flanges with stainless steel bolts started leaking at
~15,000 psi. The 4 5/8 inch CF ﬂange had no leakage with water as the pressure
medium up to 1200 psi and minor (10 Torr-L/s) leaking with helium from 500
psi to 930 psi. All tests were done without catastrophic failure. Leakage occurred
around the copper seal. A blank 2 3/4 inch was not proof tested.

For operation, the mating I 1/3 inch CF flange to the CF port on the 350 MOP
head has a high voltage feedthrough that is not rated by the manufacturer
(Ceramaseal) because it is a special order. The manufacturer welded the high
voltage feedthrough to an opening in the flange. LLNL has proof tested this
component to burst (5850 psi). There is a concern for brittle fracture or weld
failure due to cracking by mishandling that is addressed in the Fragment Hazard
Mitigation paragraph below. The mating 2 3/4 inch CF flange will be proof tested
at 604 psig along with the rest of the head. The mating 4 5/8 inch CF flange will
be blanked off for pressure testing and initial operational tests. An addendum to
this note will follow at a later date to address the attachment method of the
detector to the mating flange. It will then be proof tested at 1467 psig.
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This vessel is considered a Category 1V risk according to MEDSS. Its failure has

the potential for moderate injury and material testing is recommended.

The material used in this vessel is standard ASTM 304L and 316L stainless steel.

Material testing was not done for the following reasons:

(1) SA316L and SA304L are standard materials with strict manufacturing

requirements.

(2) ASME Boiler and Pressure Vessel Code does not require testing for austenitic

stainless steels.

(3) the large critical crack depths (a;) and lengths calculated using conservative
stress intensity factors (Kjc) from literature.
(4) the number of cycles to failure were > 10°; far larger than the < 10% cycles

expected using crack growth rates’ from literature.
(5) The leak-before-break criterion is satisfied by a factor of ~10 or greater

(136740 / 13824). Also, the CF type flanges used in the TPC design

practically guarantee a leak before failure as demonstrated by earlier proof
testing.
{6) 316 and 304 stainless steel both have excellent toughness properties at
cryogenic temperatures. Sharpy V-notch impact test data® on 304 stainless
steel indicates a slightly lowered toughness from room temperature to —~196°C
(150 to 124 ft-1b). For 316, the toughness lowered 13% from 141 to 122 ft-1b.

The table below summarizes the fracture toughness calculations in Appendix C.

K (pst K, (psi A g 2¢c length of | 2c length of
in"1/2) in"1/2) surface flaw | sub-surface | surface flaw | sub-surface
(in) flaw (in}) (in) flaw (in)
Main vessel | 136740 10115 77.3 93.6 309.3 374.2
Ellipsoidal | 136740 13824 42.2 51.1 168.9 2044
head
Flat head 136740 6528 183.1 221.6 732.5 886.3

The Unbrako bolts recommended above in the Head / Flange Calculations section
are rated at their maximum tensile strength at ~400°F. The alternative, 304
stainless steel fasteners have the same safe fracture critical properties as the
vessel. No fracture critical calculations were performed for fasteners.

A proof test at 1.5xMAWP and at the working cryogenic temperature is planned

for this vessel. Proof testing is the crux of pressure vessel qualification and is best
stated from literature® as follows:

“The critical flaw size associated with proof test conditions can also be used for
life expectance considerations. Specifically, if a pressure vessel survives a given
proof test it can be concluded that the largest defect present in the structure is
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Description

This safety note covers the design of time projection chambers (TPC) used in a full
volume imaging detector. The chambers are used in building 132N, room 2723. There are
three parts to the full volume imaging detector system. The first part is the gas
purification subsystem that is used to purify and deliver electronegative free
(99.9999999%) gas. This part of the system is being built commercially by Insync
Systems. The second part of the system, designed and built at LLNL, includes the time
projection chambers (TPC) where the experiments will be performed. Gas, from the
purification panel, feeds the TPC’s that will nominally operate at 300 psig but are being
designed for 350 psig maximum operating pressure (MOP). 1t will be necessary to work
around the TPC’s with radioactive sealed sources for testing and calibration; thus this is a
manned operation. The third part of the system uses cylinders to reclaim the purified gas.
These cylinders have been fabricated by ACME CRYOGENICS INC. and are rated by
them at 3000 psig MAWP. Gas will be transferred in the TPC system by thermal cycles,
using LN2 to create the temperature gradient inside the chamber via conduction through
the walls of the cryogenic thimble. A certain percentage of alcohol may be used in the
LLN2 bath to move the temperature of the bath above 73K.

The TPC’s are the experimental chambers designed at LLNL. These chambers are used
for two purposes but were mechanically designed to be identical. The first chamber will
be used as an ionization chamber where electron drift will be used as a measure of gas
purity. The second chamber is the actual TPC itself, which is used for position sensitive
readout of electron clouds and hence gamma ray imaging. Figure 1 depicts a TPC with its
associated hardware. In the experimental setup, the chambers are connected together
with high pressure tubing. The chambers have been designed to allow a 400 keV gamma
ray to penetrate the chamber wall in well-defined places, specifically in the center of the
2 3/4 inch conflat flange and in a linear series of VCR blanks on the side of the chamber.
It will be necessary to use radioactive sources in conjunction with these windows to
probe the capabilities of the chamber. The 1 3/4 inch conflat flanges has been outfitted
with a high voltage (20 kV) ceramic feedthrough from Ceramaseal. Many of the
penetrations into the chamber and the internals of the chamber are attached to the conflat
gasketed chamber head to allow easy removal from the chamber body. The chambers
will be filled with a gas (Ar, Xe, along with at least one the following: CH4, CO2, and
P10) using the 135psi gas purification system and then condensed by cooling the
chamber using a cryogenic thimble. LN2 will énvelope the outside of the thimble creating
non-uniform thermal stresses along with membrane stress throughout the vessel.

This ME Safety Note is required because the TPC of the system contains compressed gas
at pressures exceeding 150 psig or 100kJ of stored energy. This Safety Note covers the
vessel depicted in Figure 1 up to and including the output connections. If required, a
separate safety note will cover the remaining parts of full volume imaging detector
system less the TCP’s.
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Figure 1 — Diagram of the Time Projection Chambers (TPC)
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Operational Hazards

Associated hazards are those typical of any high pressure gas system. Failure of a vessel
or component could result in either shrapnel or a blast overpressure to the body. Since
the gases involved are not air, there is also the potential concern of asphyxiation, Other
hazards include physical exposure to the radioactive sealed source and cold temperatures.
The hazards other than those associated with the pressure vessel will be addressed by the
FSP (if applicable) or separate OSP for this experiment.

Procedures

Design safety factors are robust for all intended pressures. The system is adequately
protected by a pressure relief device at a VCR port so that components cannot be over-
pressurized. This document also specifies shielding requirements for personnel protection
from shrapnel in the event of an accident. However, an OSP for this experiment will
address associated interlocks and operational steps required during pressurization.

Calculations
The following will certify the TPC for this system:

[1] Hardware and Fabrication
The vessel is fabricated using commercially purchased metals. Fabrication and
joining techniques are also standard technology. Welding was performed by
LLNL ASME certified welders experienced in pressure systems.

[2]  Engineered Design
The system design has relief devices at strategic locations (a VCR fitting) to
insure that the MAWP’s are never exceeded.

An evaluation of high risk pressure components indicated that a Ceramaseal feed-
through may fail if improperly handled. Specifically, the weld joint at the Conflat
is susceptible to bending and fracture. To minimize this risk, a fragment
deflector/stop fixture was designed and will be mounted in front of the head
where the Ceramaseal is mounted. A Kevlar drape will also be employed if this
device fails to capture all fragments. This stop and Kevlar drape will be
interlocked during pressure vessel operation.

[3] Testing
Detailed proof testing procedures at 1.5 times MAWP and at the working
temperature, induced by LN2 cooling, have been developed and are enclosed as
Appendix A. Successful completion of these procedures by a LLNL pressure
inspector will complete the certification of the TPC’s. Proof testing is the crux of
pressure vessel qualification for fracture critical components and is best stated
from literature® as follows:
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“The critical flaw size associated with proof test conditions can also be used for
life expectance considerations. Specifically, if a pressure vessel survives a given
proof test it can be concluded that the largest defect present in the structure is
smaller than the critical flaw size at the proof test conditions. Therefore, in the
absence of non-destructive inspection, this flaw size can be considered the
existing flaw size at the beginning of life at the operating conditions and would, in
turn, serve as the basis for further crack growth consideration™ (also see fracture
analysis below).

The vessel has been designed to meet ASME Boiler and Pressure Vessel Code
design guidelines. Stresses are low enough to eliminate the need for impact
testing of the material in the heat effected zones created by the buit welds, UHA-
51 (g) (see misc.nb calculations in Appendix C). The ASME Code also exempt
austenitic, chromium-nickel stainless steels from impact testing, UHA-
51(d)(1)(a). Thus, the base materials 304L and 316L are exempt.

Calculations

Most calculations were done using ASME Pressure Vessel Code, Section VIII,
Division 1 guidelines. The TPC has a MAWP of 978 psig when using the C-Ring
type head (no openings) and 402 psig for the Conflat type head(s) (with and
without openings). A future addendum to this safety note will cover a head (with
openings) to be used at 978 psig MAWP. The allowable stresses used in all
calculations are based on values found in the ASME Pressure Vessel Code,
Section II. For both 316L and 304L the allowable stress is 16,700 psi which
provides a nominal Safety Factor of ~5 in all Pressure Vessel Code calculations
(i.e., head thickness, maximum vessel pressure, minimum wall thickness, etc). The
following tables are summaries of the detailed calculations found in Appendix A.

Vessel

The energy in each pressure vessel was calculated to be 55, 852 fi-Ib. or 16.4 g
TNT at the MAWP of 978 psig. The following table summarizes the analytical
results for the main 8 inch schedule 80 pressure vessel, the detector pipe, the VCR
“Cajon” fittings/ pipes, and the LN pipe connected to the main vessel. All tubing
is 316L. Calculations were made at a MAWP of 978 psig. The last column refers
to the ratio of yield stress (37ksi) to Von Mises stress at the test pressure of 1.5 x
MAWP. Values must be greater than 1.0 for a safe proof test.

Von
Mises

(psi)

Actual
wall
thickness

(in)

S1 (psi) | S2 (psi) | S3 (psi) Required
wall

thickness
(inm)

If21.0

stress less
than yield
for
1.5xMA
WP

Main 8”
vessel

3499 7976 -978 7755 0.336 0.500 32

Detector pipe
2.87 0D

1839 4657 -978 4880 0.102 0.275 5.1
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VCR pipe
0.5” 0D

1739 4455 -978 4705 0.012 0.050 5.2

LNZ pipe
1.9” 0D

1618 4214 -978 4496 0.066 0.200 5.5

Analytical results for welds, area reinforcement, and their related loads that attach
the detector pipe, LN pipe, and VCR pipe to the main vessel shell are detailed in
the table below at a MAWP of 978 psig. Generally, if the nozzle and fillet weld
load paths are greater than the total weld load, then the strengths are sufficient.
The total weld load (W~(Area required — Area available)* Allowable stress)) for
the VCR pipe is less than 0 because the vessel wall is 0.160 thicker than required
creating much more area available than required. Thus, the area available is
greater than the area removed and a negative number results.

Area of
mat’l.
required
(in"2)

Area of
mat’]. avail.
(in"2)

Total weld
load (Ib)

Fillet weld
load path (Ib)

Nozzle wall
load path (1b)

Detector pipe

0.780 0.800 8172 13172 12749

LN pipe

0.504 0.508 5396 6243 6106

VCR pipe

0.134 0.194 <0 413 402

The butt welds connecting the hub to the main vessel and the ellipsiodal head to
the main vessel, the ellipsiodal head on liquid nitrogen pipe, and the hub to the
detector pipe, reduced the allowable working pressure in the vessel they are
connected to by ‘E’ (butt weld efficiency). An ‘B’ of 0.7 was used for these welds
which reduced their associated allowable working pressures to 1421 psig, 6979
psig, and 6139 psig for the of the main vessel, LN pipe, and detector pipe
respectively. Again, all of these calculated pressures use an allowable stress of
16,700 psi which has a nominal SF = 5.0 so an additional SF of 1.5 (1421 / 978) is
obtained. Using a butt weld efficiency of 0.7 allows no radiography to be
performed on the welds according to the ASME Boiler and Pressure Codes.

The VCR, LN,, and detector port openings in the vessel shell are mounted 90° to
each other. The radial distance between hole centers is approximately 6.0 inches.
ASME Boiler Code requires that all openings be less than the sum of their
respective diameters. The maximum sum of the diameters is 3.37 inches between
L.N2 and the detector port.

Holes that do not penetrate the vessel shell may be required to horizontally mount
the vessel. The depth of tapped 1/4-20 holes and 3/8-16 holes shall be < 0.25
inches. Holes can not be placed near other openings or reinforcements.

Head / Flange Calculations

The following table summarizes the analytical results for the integral flange butt
welded to the main access port and the small flange butt welded on the side of the
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vessel (detector port). Again, the allowable stress in 16,700 psi for the base

material. Also, the ASME allowable hub stress is 1.5 time the allowable stress.

Flange MOP Longitudi | Radial Tangential
nalhub | flange flange
stress stress (psi) | stress (psi)
{psi)

Main 850 16973 6327 4173

10.5” OD

Main 350 6388 2381 1571

10.5” OD

Detector 850 13998 2794 7367

4.625” OD

The head for operating at 850 psig, uses a C-Ring type metal seal and is made
from 304L stainless steel. The (24) required bolts for this flange are Unbrako KS
1216 1/27-13 SHCS with a tensile strength of 160,000 psi (or 304 Stainless Steel
with a 81 ksi tensile strength). The main flange for operating at 350 psig is a
Conflat (CF) type (304L), sealed with a soft copper flat gasket to a knife edge.
‘The (24) required bolts for this flange are Unbrako KS 1216 1/27-13 SHCS with a
tensile strength of 160,000 psi (or 304 Stainless Steel with a 81 ksi tensile
strength). All other CF flanges (1 1/3 and 2 3/4 inch) shall be bolted to the 350
MOP head using Unbrako KS 1216 psi (or 304 Stainless Steel with a 81 ksi
tensile strength), 8-32 or 1/4-28 SHCS as required.

The smaller 4 5/8” CF type flange for the detector port requires 10 bolts, Unbrako
KS 1216 5/16”-24 SHCS with a tensile strength of 160,000 psi (or 304 Stainless
Steel with a 81 ksi tensile strength) and is made from 304L stainless steel. The
following table summarizes the fastener calculations.

Flange MOP | No. | Bolt Torqu | Flange design | Flange Max.
of e (in- | bolt load, design bolt | allowable
bolts 1b) operating. load, gasket | bolt load (SF
(Ib) seal. (Ib) 4 applied)
Main, C-ring | 850 |24 172-13 | 1140 | 58850 96913 134976
10.5” OD
Main, CF 350 |24 1/2-13 | 1140 | 24677 79827 134976
10.5” OD
Detector 850 10 5/16- | 347 10144 15452 20760
4.625” OD 24
11/3”CF 350 6 #8-32 |51 231 230 2936
23/4”CF 350 6 1/4-28 | 152 1015 527 7937

Analytical results for the commercially purchased SA316 ellipsiodal head on
main vessel, nominal wall thickness 0.5 inches and the SA316 ellipsiodal head on
liquid nitrogen pipe, nominal wall thickness 0.2 inches follows. The head
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thickness calculations were done at the MAWP of 978 psig and allow for strength
reduction due to the butt weld connecting them to the vessel.

MOP

Max. Required | Actual £>1.0
pressure head head stress less
(psig) thickness tlllickness than yield
(in) (in) for 1.5x
MAWP
Main 850 1513 0.320 0.500 1.03
vessel
LN, pipe | 850 3036 0.063 0.200 2.07

Results of the unstayed flat heads are presented in the table below. Two head
types are planned for the main vessel, one CF type for low pressures at 350 MOP
that has instrumentation ports, and one C-Ring type for high pressure (850 MOP)
for vessel pressure testing and to be modified for a future head design (and
subsequently proof tested along with a Safety Note Addendum). Stress
concentration factors for the circular holes in a plate with internal pressure were
used from empirical data in Wiley*. Although not a perfectly matching model to
Wiley, the concentration factors used are conservative. The stress concentration
factor (2.278) reduced the allowable stress to 7,331 psi from 16,700 psi. Hole
reinforcement requirements were also calculated using the ASME Codes. These
results confirmed the thickness requirements using Wiley stress concentration
factors.

Results of two types of Conflat feedthrough heads mounted to the 10.5 inch CF
flange are also presented below. All head thickness calculations use the ASME
head equation involving bending with the exception of the 2 3/4 inch CF where
both bending and no bending cases were used. This flange was bored out to leave
a head depth of 0.125” by 1.5” in diameter. The flange thickness around its
mounting holes and under its knife edge remains at the nominal flange thickness
of 0.5 inches. Thus, calculations were made for both and summarized below. A
minimum thickness for the 1/2 inch VCR plug is calculated. The pressure side of
a VCR plug is bored out 1/4 inch in diameter to this minimum thickness to be
used as a gamma port.

Flange type MOP | Required Actual head | Required hub | Actual hub
head thickness (in) | thickness (in) | thickness
thickness (in) (in)

Conflat flange, Cu seal | 350 1.261 1.5 0.624 1.250

AAA99-104240

C-Ring type metal seal. | 850 1.247 1.980 0.661 1.250

AAA99-104243

Conflat flange, 4 5/8” | 850 0.613 0.750 0.423 0.810

9, x 0.750” thick.

Commercial product
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11/3” CF 350 0.100 0.300 N/A N/A
23/4” CF 350 0.178/0.092 | 0.5/0.125 N/A N/A
VCR plug 850 0.052 0.052 N/A N/A

Blind holes in the unstayed flat head were analyzed on the basis of area
replacement. If the actual cross-sectional area available was greater than the
cross-sectional area required, reinforcement was not required. The following table
summarizes the results for the 350 MOP flat head. These calculations can also
apply to blind mounting holes of the same dimension for mounting and handling
the head with the caveat that hole can not be placed near other openings or

reinforcements.
Hole type: Area available | Area required
(in"2) (in"2)
8-32 mini conflat holes 0.195 0.051
8-32 mounting bracket holes | 0.205 0.041
(internal)
1/4-28 medium conflat holes | 0.250 0.125

Conflat (CF) flanges are used as connecting members and instrumentation
feedthroughs in this pressure vessel design. Five 1 1/3 inch on a 5.5 inch bolt
circle pattern and one 2 3/4 inch centrally located CF flanges are used on the 350
MOP head. A 4 5/8 inch CF flange is used on the detector port (850 MOP).

CF flanges were pressure tested in 1992 under the safety note END 92-072. The 1
1/3 inch nominally sized CF flanges with stainless steel bolts started leaking at
~15,000 psi. The 4 5/8 inch CF flange had no leakage with water as the pressure
medium up to 1200 psi and minor (10" Torr-L/s) leaking with helium from 500
psi to 930 psi. All tests were done without catastrophic failure. Leakage occurred
around the copper seal. A blank 2 3/4 inch was not proof tested.

For operation, the mating 1 1/3 inch CF flange to the CF port on the 350 MOP
head has a high voltage feedthrough that is not rated by the manufacturer
(Ceramaseal) because it is a special order. The manufacturer welded the high
voltage feedthrough to an opening in the flange. LLNL has proof tested this
component to burst (5850 psi). There is a concern for brittle fracture or weld
failure due to cracking by mishandling that is addressed in the Fragment Hazard
Mitigation paragraph below. The mating 2 3/4 inch CF flange will be proof tested
at 604 psig along with the rest of the head. The mating 4 5/8 inch CF flange will
be blanked off for pressure testing and initial operational tests. An addendum to
this note will follow at a later date to address the attachment method of the
detector to the mating flange. It will then be proof tested at 1467 psig.
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This vessel is considered a Category IV risk according to MEDSS. Its failure has

the potential for moderate injury and material testing is recommended.

The material used in this vessel is standard ASTM 304L and 316L stainless steel.

Material testing was not done for the following reasons:

(1) SA316L and SA304L are standard materials with strict manufacturing
requirements.
(2) ASME Boiler and Pressure Vessel Code does not require testing for austenitic
stainless steels,
(3) the large critical crack depths (ac) and lengths calculated using conservative
stress intensity factors (Kj) from literature,
(4) the number of cycles to failure were > 10°; far larger than the < 107 cycles
expected using crack growth rates’ from literature.
(5) The leak-before-break criterion is satisfied by a factor of ~10 or greater

(136740 / 13824). Also, the CF type flanges used in the TPC design

practically guarantee a leak before failure as demonstrated by earlier proof

testing.

(6) 316 and 304 stainless steel both have excellent toughness properties at
cryogenic temperatures. Sharpy V-notch impact test data®® on 304 stainless
steel indicates a slightly lowered toughness from room temperature to ~196°C
(150 to 124 ft-1b). For 316, the toughness lowered 13% from 141 to 122 fi-Ib.

The table below summarizes the fracture toughness calculations in Appendix C.

Kie (pst K, (psi 8 Aer 2c length of | 2c length of
n"1/2) in"1/2) surface flaw | sub-surface | surface flaw | sub-surface
{in} flaw (in) {in) flaw (in)
Main vessel | 136740 10115 77.3 93.6 309.3 374.2
Ellipsoidal | 136740 13824 422 51.1 168.9 204.4
head
Flat head 136740 6528 183.1 221.6 732.5 886.3

The Unbrako bolts recommended abové in the Head / Flange Calculations section
are rated at their maximum tensile strength at —400°F. The alternative, 304
stainless steel fasteners have the same safe fracture critical properties as the
vessel. No fracture critical calculations were performed for fasteners.

A proof test at 1.5xMAWP and at the working cryogenic temperature is planned
for this vessel. Proof testing is the crux of pressure vessel qualification and is best
stated from literature® as follows:

“The critical flaw size associated with proof test conditions can also be used for
life expectance considerations. Specifically, if a pressure vessel survives a given
proof test it can be concluded that the largest defect present in the structure is
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smaller than the critical flaw size at the proof test conditions. Therefore, in the
‘absence of non-destructive inspection, this flaw size can be considered the
existing flaw size at the beginning of life at the operating conditions and would, in
turn, serve as the basis for further crack growth consideration”.

A physical inspection of the TPC for cracks is required between every experiment
or experimental cycle. Careful handling of the head, vessel and its related
hardware is important so that the welds attaching the various components (high
voltage feedthroughs, VCR stubs) are not damaged. If any of these components
are bent by mishandling, the suspect welds must be radiographicly inspected and
re-proof tested.

Fragment Hazard Mitigation
A fragment deflector/stop was designed to deflect and capture a potential
Ceramaseal feedthrough mishap if it were propelled from head of the vessel. It
will be placed as close as practical to the TPC head and still allow operation of the
vessel. The basic design is based on ballistic gun range technology where the
fragment is deflected from a 45° wall into a sand trap (red arrow shows path in
Figure below). All walls are made from 2.5” thick lexan that can stop the
projectile if it were propelled normal into it. The opening in the stop (117 x 14”)
is sufficiently oversized to the Ceramaseal bolt circle diameter (5.5”) and the sand
trap baffle is made from 1/4” lexan to allow fragment passage. This stop will be
interlocked during vessel operation. Calculation filename “fragmant.nb” in
Appendix C details the shielding calculations obtained from MEDSS.
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A Kevlar drape will also be employed to shield the operator from a potential stray
fragment reflected back out of the catch.

The system pressure requirements are summarized as follows:

Maximum
Allowable

Maximum | Working | Pressure | Proof

Operating | Pressure | Relief Test

Pressure (MAWP) | Setting Pressure
Component (psig) (psig) (psig) (psig)
Main Pressure Vessel 850 978 978 1467
(sketch )
AAA99-104242 (weld
flange)
Flat Head, Metal C-Ring: 850 978 978 1467
AAA99-104243
Conlfat flange, 4 5/8” @, x | 850 978 978 1467
0.750” thick. commercial
CF flange (blank)
VCR Plug, 1/2” @, 850 978 978 1467
modified commercial
Flat Head Conflat Type: 350 402 402 604
AAA99-104240
Conlfat flange, 2 3/4” @, x | 350 402 402 604
0.500” thick. modified
commercial CF flange
Ceramaseal: 19543-04-CF; | 350 402 402 604
11/3” @, x 0.300” thick.
modified commercial CF
flange

E. Testing Requirements

Detailed testing procedures have been deveiopéd and are enclosed as Appendices B. The
proof test criterion for each system is 150% of MAWP.

F. Labeling Requirements

Upon completion of the testing procedures, the LLNL pressure inspector will certify the
inspection of this system by completion of an LLNL Pressure Test/Inspection Record,
Form LL3586, and by attaching an LLNL Pressure Tested Label, properly filled out to
the individual components identified below. Appropriate additional information will be
inserted as required.
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G. Associated Procedures

The concerns are asphyxiation, cold temperature and radiation exposure of personnel.
Responsibility for an OSP resides with the user.

H. References and Notes

1. The defining drawings are as follows:

Drawing Title LLNL

Pressure Chamber Lid Blank AAA98-1104241
Pressure Chamber Lid AAA98-1104240
Pressure Chamber Lid Blank C Ring 850 MOP AAA98-1104243
Pressure Chamber Weld Flange 850 MOP AAA98-1104242
Xenon Chamber Model 8” (sketch) N/A

Xenon Chamber Model 8” associated sketches N/A

2. 1995 ASME Boiler and Pressure Vessel Code, Section VIII, Division I,
3. Design of Piping Systems, John Wiley & Sons, Inc. 1974.

4, Degraded Piping Program - Phase II, Sixth Program Repott, Oct. 1986 —
September 1987, USNRC

5. Fracture 1969, Chapman and Hall Ltd. IBN 412094703
6. Handbook of Stainless Steels, D. Peckner, 1. Bernstein, McGraw-Hill, 1977

7. Metal Fatigure in Engineering, H. Fuchs, R. Stephens, John Wiley & Sons, Inc.
1980.

8. Austenetic Steels at Low Temperatures, R.P. Reed, T Horiuchi, Plenum Press,
1982.
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APPENDIX A: PROOF

TESTING PROCEDURE FOR

THE TPC
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General

This procedure is for proof testing the TPC shown in Figure 1. Initial pressure and leak
tests of the system will be conducted in Building 343 because it provides an adequate
barricade for conducting the test and keeps personnel exposure to a minimum. Final leak
testing of joints made up after installation and retest of the systems in the future will be
conducted at the B132 facility.

Hazards

The Health and Safety Manual Supplement 32.05, Section 2 — “Standard Procedure for
Pressure Testing with Gas™ applies.

Pretest Procedure

Use the system indicated in Figure Al as the test source. Support the chamber
horizontally. Cool the chambers® LN2 pipe and surrounding metal with an LN2 filled
dewar supplied by the experimenter to simulate the thermal stresses during actual
operation. Let the metal ‘soak’ for 20-30 minutes before proof testing.
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Test vessel
or test systom

vent valve

Legend
1 Vent valve
2 Regulator

\) Salety manifold ) 3 Filf vaive
4 Rellef vaive

5000 psig (34 MPA) MAWP (set at not over 120%
of the test prassure)

™~ Nitrogen, ballum, argon,
r compreasad alr, or house air

* Test gauge must have a solld front, blow-out back, and sacuraly
attached plastic face if over &Iinches In (100-mm} dlameter and graduated
to over 200 psi (1.4 MPa). The scaie should be about double the test
pressure and never less than 1.2 times the maximum lest pressure,

-

Figure Al — Gas Test System
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A4 Test Procedure

Refer to Figure 1 and Appendix A for component designations.
A.4.1 High Pressure (1467 psig) Helium System Pressure Test

The two TPC’s will first be tested to 1.5 x MAWP, or 1.5 x 978 = 1467 psig using the
following components:

Vessel (2 ea., requires 2 separate proof tests)
C-Ring type lid (AAA99-104243)

4 3/4” CF blank for the detector port
Modified VCR plug(s) at the VCR ports

Install the hardware described above for the 1467psig proof test.

Apply 1467psig test pressure to one of the VCR ports.

Hold test pressure at 1467psig for 15 minutes.

Vent system down to 150 psig and leak check all joints under pressure with Snoop.
Vent helium to atmospheric pressure.

hblaliadl

A.4.2 Moderate Pressure (604 psig) Helium System Pressure Test

A single TPC will also be tested to 1.5 x MAWP, or 1.5 x 402 = 604 psig using the
following components. Two tests are required to qualify both heads.

Vessel

CF type lid (AAA99-104240, AAA99-104241)

2 3/4” CF modified blank for the x-ray port

1 1/3” CF flanges with high voltage feedthroughs
4 3/4” CF blank for the detector port

Modified VCR plug at the VCR ports

1. Install the hardware described above for the 604 psig proof test.

2. Apply 604 psig test pressure to one of the VCR ports.

3. Hold test pressure at 604 psig for 15 minutes.

4. Vent system down to 150 psig and leak check all joints under pressure with Snoop.
5. Vent helium to atmospheric pressure.,

A.4.3 Documentation
Test records shall include an LLNL Pressure test/inspection record for the separate pieces

of the vessel. The pressure inspector will send the original copies of the test reports to
LLNL Pressure Safety (1.-384).
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APPENDIX C

CALCULATIONS

Calculations performed

Energy vessel.nb
Vessel_stress2.nb

Ellipsoidal_head_stress.nb

energy calculations, peak and static overpressure
main vessel stress calculations, wall thickness, maximum pressure, proof test stress

main vessel head thickness, max. pressure, proof test stress

Ellipsoidal_head_stress LN2..nb LN2 head thickness, max. pressure, proof test stress

Flange stress_hub_978.nb
Flange stress_hub_small_978.nb
Flange stress hub 403.nb

Xe vessel det.nb
Detector_shell.nb
Weld_load_stress.nb

Xe_vessel VCR.nb
VCR_shell.nb
Weld_load_stress_ VCR.nb
VCR_gamma_port.nb

Xe_vessel LN2.nb
LN2_shell.nb
Weld_load_stress LN2.nb

Head 350 K openings2.nb

Head_850_no_openings2.nb

main vessel C-Ring head bolt load, moment, stresses
detector port bolt load, moment, stresses
main vessel CF head bolt load, moment, stresses

detector pipe stress calculations, wall thickness, maximum pressure, proof test stress
detector pipe weld reinforcement, area required, area available
detector pipe weld load allowable, strength of connecting elements (welds)

VCR pipe stress calculations, wall thickness, maximum pressure, proof test stress
VCR pipe weld reinforcement, area required, area available

VCR pipe weld load allowable, strength of connecting elements (welds)

VCR minimum head thickness calculation

LN2 pipe stress calculations, wall thickness, maximum pressure, proof test stress
LN2 pipe weld reinforcement, area required, area available
LN2 pipe weld load allowable, strength of connecting elements (welds)

main vessel CF type flat head: stress concentration factor, thickness, distance between
hole centers

main vessel C-ring type flat head: head thickness, hub thickness

Head_850_4.625_no_openings2.nb detector port CF type flat head: head thickness, hub thickness

Bolt_lpad_1.33CF_350.nb
Bolt_load_2.75CF_350.nb
Misc.nb

Fracture_critical_mat’l.nb
Fragmant.nb

1.33 CF flange bolt load, head thickness

2.75 CF flange bolt load, head thickness

main vessel: distance between openings, blind mounting hole depth, reinforcement of
blind holes on CF flanges mounted on 10.5” & CF flange, impact testing

Kic. K, critical crack lengths, Life cycles

shielding calculations




energy_vessel.nb

{* Energy in Xenon Pressure Veasgel =x)



energy_vessel.nb

MAWP = 978
P1 = MAWP
Pz =14.7
K= 1.66
R; = 3.8125
D2 = 1.5
D3 = 2.32

7 (2Rs)?

Vi (12.2 - 0.5) (% in® +)

7 (D2)? 5
vy = — (8.058 - 0.2) (% in® %)

m (D3)? . a
V3= m-4—---2.1'7 {* in” %)
Vo=V, +V3+V; (% in® )

By Vo P,y o
Energy = —— |1~ (-—] (* £t-1b #)
12 (K- 1) P,

Energy
Energy, . = -é—m (» g TNT «)

Energy,, = Energy,... + 0.002200 (« 1lb. TNT =*)

978
978
14.7
1.66

3.8125

2.32
534.263
13.8862
9.1733
557.323
55852.
16.3592

0.0359903

(* From MEDSS, 30 psi is the threshold for fatalities. 0.2
to 15 psi cause physioclogical damage (ear, lung, etc.) However,

the detailed calculation that follow {and proof tests of Conflat heads)
show this vessel will leak before catastrophic failure. *)

(* The following is an analysis of the static overpressure in the confined room =)

1

Lad lud Ld d d ld ud wd ud o wd w4 ud s A

A

J



energy_vessel.nb

" Energy,,,
Pgov = 1.15%X00"% ————— (& paig x)
20x30x10

€.0689813

(* The peak overpressure is simply 6 X static )

Poov = 6 X Paoy (% pEig #)

0.413888



Vessel_stress2.nb 1

(*Xenon Pressure Vessel Stress Calculationss)

Longitudinal—

Membrane Stresses { Ctrcumferential {Hoop)




Vessel_stress2.nb

Infi2]:=
MAWP = 978
U, = 16700 (xallowable stress for 316L SST«x)
gy = 37000
R; = 3.8125
Re = 4.3125
t=Ry -~ Ry
Ratio =
Ry

If [L.1 < Ratio < 1.5, mediumwall]
If [Ratio < 1.1, thin wall]
If [Ratic > 1.5, thick wall]

outfiz}= 978
out[13}= 16700
outjld}= 3700C
Out[15)= 3.8125
outfle}= 4.3125
outf{i7)= 0.5
outfig]= 1.13115

outfi9]= mediumwall



Vessel stress2.nb

Inf{22}):=
{*Longitudinal Stressg, &%)
(MAWE R;?)
g = ——
(Ro? - Ry ?)
{(*Circumferential Streszss, S;*)
o MAWPR (R, + R32)
2 =
(Ro? - Ry %)
(*Radial Stress, S3%)
8z = -MAWP
(*Von Mises Stresgsx)
On =V 0.5 ((S1-82)% + (S2-85)% + (85 - 81)?)
outf22]=
outf23]=
outfz2d]=

out{25]=



Vessel_stress2.nb

outf15]=

outfi6j=

outfl7]=

out{igj=

{*wall thickness, in., max. pressure, psgix)

{(*Circumferential / Longitudinal Stress: wall thickness, in., max. pressure, psix)

Be = 0.7
(*butt weld efficiency based on no inspection, Table UN-12+)
(#Circumferential butt welds connecting

ellipsoidal head and hub to cylinder are Catagory A/B, Type 1 welds+)

P = 1.67 (» in., longitudinal pitch of tube holes =*)
d = 0.5 (¥ in., diamnter of tube holex)
Bgjig = — — (% UG-53, Ligaments =)

If [Ef < Egfiigs Ef = Ef, Ef = Briig]

(I-IAWP Ri)
te = (#UG27 c 1)
{(0a Ef ~ 0.6 MAWP)
O, Er ©
p, = CaBe®) (#WUG27 ¢ 1w)
(Ry +0.6¢)
PC
SFuc (* P uses allowable stress so SF ~% is also inlecludedsx)
(MAWP Ry)
t1 = (»*UG27 c 2%)
{2 o3 Bg + 0.4 MAWP)
20, Ef &
P, = (20 B E) (¥UG27 ¢ 2%)
(R ~0.4¢)
SFu = {(* Pp uses allowable streass go SF ~5 ig also inlcludeds)

I£[Pe < P1, "circumferential stress appliea", "longitudinal stress applies"}
If[te; > t;, "circumferential stress applies", "longitudinal stress applies"]

0.7
1.67
0.5

0.700599

cut{igj= 0.7

outf20]= 0.335815

outf21]= 1421.28

Outf22]= 1.45325

out{23]= 0.156855



Vessel_stress2.nb

outf{189]= 3235.98%
outf190)= 13.2351
outfiglj= circumferential stress applies

out[i92j= circumferential stress applies

(#*Check of Von Misges stress at 1.5 x MAWP for pressure test«)
MAWP = 1.5 x 978

(*Longitudinal Stress, S;%)
(MAWP R;?)

B = 2 2
{Ro® - Ri¥)
(*Circumferential Stress, Si%)

MAWP (Ro? +R;%)
{R,2 - R;?)

g =

(#*Radial Stress, S3+)

83 = -MAWP

(*Von Mises Stressx)

T '\/0.5 ((81-82)% + (8-83)% + (53 ~-81)%)

0,
b4
Ny = —
Oa

If[N, > 1, "vessel OK at 1.5 x MAWP during pressure test")

1467.
5248.76
11964.5
-1467.
11632.

8087

vessel OK at 1.5 x MAWP during pressure test



Ellipsoidal_head_stress.nb

(*Xenon Pressure Vessel Stress Calculationss:)
(«*Ellipsoidal Head+)

In[704]:=
MAWE = 978
g, = 16700 (+allowable stress for 304 SSTx)
gy = 32000
Dy = 7.625
tw = 0.5

{*Circumferential butt welds connecting
ellipsoidal head and hub to cylinder are Catagory A, Type 1 welds«)

Ef = 0.7 (xbutt weld efficiency based on no inspection, Table UW-12x)

Qutf{704]= §78
Out[705]= 16700
Out[706]= 32000
outf707j= 7.625
outf7081= 0.5

out[708j= 0.7
In{710}:= (+*Wall thickness, in., max. pressure, psix)

(*Circumferential Stress: wall thickness, in., max. pressure, psix)

(MAWP D; )
tr = (¥UG32 (d)+)
(2 o, Bg — 0.2 MAWP)
(2 0a Ex ty)
Py = e 1 (4UG32 (d)#)
(D; +0.2 &)
P, 4
SFye =
MAWP

Qut{710]=

out[711]=

out{712]= 6.18%24



Ellipsoidal_head_stress.nb

Inf?713}:=
{*Check of stress at 1.5 x MAWP for pressure testx)

MAWP = 1.5 x 978

(20F¢ ty)
o]

SOl‘V‘&[MA == —y
(D1 +0.2 ty)
o.
EFy = —-
o

Outf713]= 14867.

out{714]= {{o->16189.4}} /
out{715]= —322_00 m V

24 o
418



Ellipsoidal_head_stress_LN2.nb

(*Xenon Pressure Vessel Stress Calculationss)
(*Ellipsoidal Head, LN2 Trap+)

In(716]:=
MAWP = 878
Gy = 16700 (vallowable stress for 304 SST«)
oy = 32000
Dy = 1.5
tEy, = 0.2

{#Circunferential butt welds connecting
ellipseidal head and hub to cylinder are Catagory A, Type 1 weldsx)

Er = 0.7 (vbutt weld efficiency based on no inspection, Table UW-12x)

out[7i6l= 978

outf7i7]= 16700

out[718)= 32000

outf718]= 1.5

outf720]= 0.2

outf721]= 0.7

In{722]:= (*Wall thickness, in., max. pressure, psix)

(xCircumferential Stress: wall thickness, in., max. pressure, psix)

(MAWE Dy )
(2 0a Er - 0.2 MAWP)

tn (#UG32 (d) +)

(2 Ua Ef tw)
Pp= —— — U (4UG3Z (d) )
(Di +0.2 ty)

P 4

SFye =

out722})=

Gut[723]= F3

Out[724]= 12.4187



Ellipsoidal_head_stress_LN2.nb

In{725]:=

(*Check of stress at 1.5 x MAWP for pressure teats)
MAWP = 1.5 x 978

ZUEf t
Solve[MAWE == —--(—-----—"~2--~ o]
(Dy +0.2 t,)
(o2
SFy = —_
(o3

out{725]= 1467,

out[726]= {{c-> BOE8.5}1
out[727)= 22000 /é’/7au/

e} faég,g




Flange stress_hub_978.nb

Aszumed mméie
of deformation

(* Bolted Flange Connections with Ring Type Joint #)
{(+* Integral Flange Type, Appendix 2, Figure 2-4 (5) shown above x)
(+ 850 psia MOP, custom flange, ring type joint, metal seal )



Flange stress_hub_978.nb

in{1}:= (% Bolt Load at operating conditions *)

G 7.980 (* Diameter, in. at gasket load location =)
P 978 (% MAWP, internal design pressure x)

m= 6.5 (» gasket factor ring joint, Table 2-4.1 %)
Ng = 0.25 (» width of ring type gasket x)

(]

n

NSI'
by = ? {(* Table 2~5.2 (6) «x)

I£[b, <= 0.25, b = by, b = .5V by |

¥ = 26000 (» psi, design seating stress for metal seal, Table 2-5.1 x}
H=0.785G*P {+ 1lb., Total hydrostatic end force +)

Hy= 2Zb X 76mP (» lb., Total joint-contact surface compression load )
Woi = H + Hy (*+ Minimum required bolt load, for operating =x)

Woz = TGby (* Minimum required bolt load, for gasket seating #*)

out[1j= 7.98
out(2]= 978
outf[3]= 6.5
out{4}= 0.25
outf5j= 0.03125
outf{s]= 0.03125
out{7j= 26000
outf8]j= 48885.4
out[9]j= 9960.59
out{10]= 58849.%

Out[1i]= 20369.3



Flange stress_hub_978.nb

out{id]=

Qutfl3]=

{#* Flange Design Bolt Loadx)

Ap = 0.1406 x 24 (vcross sectional area of 1/2-13 screws)

SF = 4 (% MEDSS )

Sy = 81000

(*Unbrako - K& 1216 1/2-13 SHCS, 160, ksi tensile strength; T = -400°F to 1200 °F
OR ASTM-A493-95 Grade $30430; Bl ksi tensile strength «)

Sy = Sg+ SF

Iy = 8, %3 (* 1lb., Max allowable bolt load =)

By = Wmi / Sa (% in®, cross-sectional area of bolts undex operating condition x)

Boz = Wy / Sa (» in®, cross-sectional area of bolts for gasket seating =)
LE[Amy. > Bnzs Ag = Bpy, By = Angy)

(*+ in®, total required cross-sectional area of bolts ®)

Wo = Wm (* 1lb., Flange desigm bolt load, for operating «)

(Am +Ab) Sa . .
W, = ———é_ (* 1b., Flange design bolt load, for gasket seating =+)

3.3744

4

out{idj= BLC00

out{15]= 20250

out{ié]= 68331.6

out{i7j= 2.90617

out{i18]= 1.0058%

out{i%8j= 2.90617

out{20j= 58849.¢

out[21]= 63590.8



Flange stress_hub_978.nb

Inf22]:=
(*# Flange Moment =)
{» Table 2-6, integral flange )
Cp =9.58 (* in., bolt circle diameter =)
gy = 0.5 (* in., hub flange thickness *)
B = 7.625 («in., inside diameter of flange #)
test = 20 ¢,

{Co - B}
= -
2
hy =
R+0.5¢g1 (* in., radial distance from bolt circle to the circle on which hp acts =)
(Cp - G)
heg = o—rrv
2
(R + g1 + hg)
hp s ———oouo-—
2
Hp, = 0.7858% P (+# 1lb., total hydrostatic force on area insgide of flange =)
MD = HD hD
HEr =H-Hp
{(#* 1b., difference, total hydrostatic end force less Hp )}
My = By hy

Hz = Wo ~H (» 1lb., gasket load )
Mg =Hg hy

Mo =Mp +Mp + My (¥ in-1b., total flange moment due to operating conditions )
(Ch - @) \ .
My = Wo ~——-—-2-— {(# in-1b., total flange moment due to gasket seating «)

If[M; > My, "operating conditions control", “"gasket seating conditionsz control*]
TE[Mo > My, Mo = My, My = M)

Out{22j= 9,58

Outf23}= 0.5

outf24]= 7.625

out{25j= 10.

Cut{2e6}= 0.4775

out{27;= 0.7275

out[28fj= 0.8

outf29)= (0.88875

Out[30]= 44636.3

Cut{31]= 32472.9

Out{32j= 4253.05

Outf33j= 3779.9



Flange stress_hub_978.nb

Outfi120]= 9960.5%9

Out[121]= 7968.47

Out{122j= 44221.3

out{iz23}= 47080.

Out{124]= gasket seating conditions control

out{125]= 47080.
In{i26):= (*xFlange Stress x)
= 1 (xhub gtress correction Factorx)

€
t = 1.25 (» in., flange thickness «)
h = 0.125 {(* in., hub length )

taz2da:
A = 10.5 (+ in., OD of flange »)
K=A/B
K* (1+ B.55246 Log[10, K]) -1
T = {(+ factor, Fig. 2-7.1%)

(L.04720 + 1.9448 K2) (K- 1)

K? (1+ B.55246 Log[10, X]) -1 .
= {* factor, Fig. 2-7.1x)
1.36136 (K2 -1) (K-1)

1 R? Log 10, K] .
¥ = 0.66845+5.71690 ——————" | (% factor, Fig. 2-7.1s)
K-1 (X2 - 1)
K+
Z = =z (* factoxr, Fig. 2-7.1%)
S0 = 91
g1/ do
hy, = VBgs,
h / b
V = 0.550103 (» Fig. 2-7.3 Integral flange factor *)
v 2
de = "‘;ho 213
Lo+l £°
= + ——
T df
€M : oo
8g = ———— (* psi, Longitudinal hub stress )
I.lg'l2 B
(1.33¢, +1) M, .
Sy = (* psi, Radial flange stress =x)
Lt?B
(* psi, Tangental flange stress =)
Mo
ST = - ZSR
outfiz26j= 1

Out{i27]= 1.25

Outf128]= 0.125

Outf128]= 1.

Outfi30j= 10.5



Flange stress_hub_978.nb

Out f131]= 1.37705

Outfl3z2]= 1.7642

out{133j= 6.84641

out[134j= 6.23025

outf135]= 3,23148

cutfizg}= 0.5

Out{137]= 1.

Outfi138]= 1.95256

outf13%}= 0.0640184

Out[140]= $¢.550103

out[141j= 6.07525

out{142j= 1.45515

Cut{i43]

Qut{144}

Qut(145]

Infl46]:=
(*# Allowable Flange Stress =)

8¢ = 16700 (» allowable stress for 316%L -20 to 100 °F, Table 1A, Section II #*)
If[Sg < 1.5 8¢, *hub stress OK", "hub stress too large"]

If[8x < B¢, "radial stress OK", "radial stress too large"]

L[Sy < 8¢, "tangental stress OK", "tangental stress too large"}

By + Sy

If[——— < 8¢, "average stressl OK", "average stressl too 1arge"]
Sg + 8p

I:E[——-—-- < Sg, "average stress2 ORK", "average stress2 too 1arge“]

outfi146j= 16700

out{147j= hub stress OK
out{148]= radial stress OK
Ooutf[i49j= tangental stress OK
Cutf[i50]}= average stressl OK

Out{l15i)= average stress? OK



Flange stress_hub_small_978.nb

Gasket r*‘ { —’{
\ PRI
A o f

Assumed mode
of deformation

{* Bolted Flange Connections

with flat metal Copper Gasket, Xe chamber Detector Port )
{* Integral Flange Type, Appendix 2, Figure 2-4 (5) shown above %)
(* 850 psia MOP, conflat type head x)



Flange stress_hub_small_978.nb

Inf249]:=

out{z49]=

Cutf250])=

outf251]=

outf{252]=

Cut{253]=

Oukb[254]=

OQut(255]=

Out(256]=

Out {257]=

Out{258]=

Out{259]=

{* Bolt Load at operating conditions %)

G = 3.35 (x Diameter, in. at gasket load location =*)

P = 978 (» MAWP, internal design pressure x)

m= 4.75 {* gasket factor £lat Cu gasket, Table 2-4.1 )
Mg = 0.5 (« width of Cu gasket %)

N
b i (* N/4 for multiple serrations Table 2-5.2 (5),

asgume N/32 given a single knife edge serration as used in Conflats »*)
If{by <= 0.25, b = by, b = .5V by |
¥ =13000 (* psi, design seating stress for goft copper, Table 2-5.1 x)
H=0.7856" P (+ 1b., Total hydrostatic end force )

Hy=2bx 7Gm?P (+ lb., Total joint-contact surface compression load %)
Wm = E + Hy (+ Minimum required bolt load, for operating =)

Waz = "Gby (+ Minimum required bolt load, for gasket seating )

3.35
978

4.75

0.015625
0.015625
13000
8615.85
1527.84
103143.7

2137.76



Flange stress_hub_small _978.nb

Inf12]:=

outfiz]=

cutfi3}=

Cut{idj=

Cutf{ibj=

Qutfié]=

outf{l7j=

Qukf18j=

Qutf19]=

Qutf20]=

Outf{21]=

(#* Flange Design Bolt Loadsx)

Ap = 0.0519 x 10 (xcross sectional area of 5/16-24 screwsx)

SF = 4 (% MEDSS w)

Sr = B1000

{(#*Unbrake - KS 1216 5/16-24 SHCS, 160, ksi tensile strength; T = -400°% to 1200 °F
OR ASTM-A453-35 Grade S530430; 8l ksi tensile strength )

Sy =S¢+ SF

Ly = Sa XAy (% 1b., Max allowable bolt load =)

Ami = Wpy / 8a (* inz,cros—sacticnal area of bolts under operating condition #)

Amz = Wnz / 8a (% in?, cross-sectional area of bolts for gagket seating =)
I£[Ant > Amys B = Apas Ap = Ao

(*+ in®, total required cross-gectional area of bolts *)

Wo = Wui (¥ 1b., Flange design bolt load, for operating x)

(Am +Ah) S, . .
Wg = ————— (% lb., Flange design bolt load, for gasket seating =)

81000
20250
1050¢.7
0.500923
¢.1035568
0.500523
10143.7

10326.7



Flange stress_hub_small_978.nb

Inf332]):=

ouLf332)=

Cuk[333)=

Out{334]=

Qukf335]=

cut{336)=

cutf{337]=

Cut{338]=

Cut{339]=

Cut{340]=

Ouk[341]=

out(342})=

Qut{343]=

{(* Flange Moment =)

{x Table 2-6, integral flange =)

Cp =4.030 (» in., bolt circle diameter =)}

gL =0.275 (» in., hub flange thickness x}

B = 2.32 (xin., inside diameter of flange x)

test = 20gy (+ Refer to Appx 2, 2-3 notations, for design optiong =)

(Cy - B)
Re ——-m
2
by =
R+0.5g: (# in., radial distance from bolt circle to the circle on which hy acts %)
(Cp - G)
he s ——
2
(R + g1 + hg)
b = —————

Hp = 0.785B° P {+ 1b., total hydrostatic force on area inside of flange =)
MD = HD hn

Hp=H-Hp
(# 1b., difference, total hydrostatic end force less Hp »*)
My = Hp hy

Hy = Wy ~H {» 1lb., gasket load %)
Mz =Hg hg

Mo = Mp + My + Mg {* in-1b., total flange moment due to cperating conditions )

{Cy -G .
My =Wo —2)~— {* in-1lb., total flange moment due to gasket seating =)

If[M, » My, "operating conditions control®, "gasket seating conditions control®]
TE[M, > My, My = Mo, M, = M]
4.03

0.275

0.7175 :
0.34

0.5975

4132.23

2964.87

4483 .62

2678.96



Flange stress_hub_small 978.nb

Out{185]= 1527.84
Out{186]= 519.465
Oout{187}= 6163.3
Out/188]= 3448.85
out[{18%]= operating conditions control

out{190j= 6163.3
In{ig9i]:= («Flange Stress )
= 1 (vhub stress correction factors)

€
t = 0.81 (x in., flange thickness )
h = 0.0 (x in., hub length &)

te=20:
A = 4.63 {« in., OD of flange =)
K=A/B
K? (1+ 8.55246 Log[10, K]) -1 .
T = (= factor, Fig. 2-7.1x)

(1.04720 + 1.9448K2) (K- 1)
X2 (1+ 8.55246 Log[10, K]) -1
U= {*# factor, Fig. 2-7.1lw)
1.36136 (K2 -1) (K-1)

X? Log[10, K]

Y = 0.66845+5.71690 ———— | (» factor, Fig. 2-7.1x)
K-1 (K2 -1)
41

Z = (* factor, Fig. 2-7.1x)
K2-1

Jo = g1

g1/ 9o

hy, = YBg,

h / h,

V = 0.550103 (% Fig. 2-7.3 Integral flange factor =}

u 2
de = —ho o
v

te+1 t3
L= + —
T df
€M, . ; .
Sg = —— (* psi, Longitudinal hub atress )
L¢g,?2 B
(1.33¢, +1) M,
R = hd {(+ pei, Radial flange stresgs =)
Lt*B
{(* psi, Tangental flange stress x)
¥ ML
ST = - Z SR
£2B

out{191}= 1

Out(192}= 0.81

outfis3}= 0.

Outfl94]= 0.55

outfigs]= 4.63
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99569

50825

26596

87203

67052

275

out{1sej= 1.
out[197]= 1.
out{198j= 3.
outf199j= 2.
cut[200]= 1.
cutf{20i}= 0.
outf{z202]= 1.
out{203]= 0.

798749

Cutf{204}= 0.

out {205]= 0.
out{206]j= 0
out{207]= 2

Out[209]

out {210}

Inf{211}:=

(

s

550103

.358627

*+ Allowable Flange Stress =)

¢ = 16700 (x allowable strese for 304L -20 to 100 °F, Table 1A, Section II )
I£[Sg < 1.5 8¢, "hub stress OK", "hub stress too large"]
If[Sy < 8¢, "radial stress OK", "radial stresa too large']
If[Sgp < 5S¢, "tangental stress OK", "tangental stress too large"]

Sy +8
f[ )i 4 R

£[

< Sg, "average stressl OK", "average stressl too J.arge“]

Su + S:‘t
—— < S, "average stress2 OK", "average stress2 too 1arge“]

outf2ii]= 16700

out/2i2j= hub stress OK 4

Qutf213]= radial stress OK

outf2i4}= tangental stress OK

outf2i5j= average stressl OK

outf216]= average stress2 OK



Flange stress, hub_403.nb

y R |

Assymed mode
of deformation

(* Bolted Flange Connections with flat metal Copper Gasket *)
(* Integral Flange Type, Appendix 2, Figure 2-4 (5) shown above )
(+ 350 psia MOP, conflat type head x)



Flange stress_hub_403.nb

In{i84]):=

ocutfigd]=

cut{igs]=

Cutf186])=

Outfig7)=

cut{1881=

Out[188]=

Ouklisg)=

Qut[isl]=

Qutf{182]=

Qutf193]=

Outf184]=

(* Bolt Load at operating conditions )

G = 8.54 (» Diameter, in. at gasket load location *)

P = 403 (+ MAWP, internal design pressure %)

m= 4.75 (» gasket factor f£lat Cu gasket, Table 2Z-4.1 *)
Ng = 0.5 (» width of Cu gasket =)

N,
b, = -5-%- (* N/4 Eor multiple serrations Table 2-5.2 (5),

assume N/32 given a single knife edge serration as used in Conflats =)
b = b,

y = 13000 (+ psi, design seating strems for soft copper, Table 2-5.1 *)

H=0.785G* P (x 1b., Total hydrostatic end force *)

Ho= 2b x wGmP (+x lb., Total joint-contact surface compression load )
Was = H + Hp (* Minimum required bolt load, for operating =)

Wnz = nGby (» Minimum reguired bolt load, for gasket seating x)

8.54

403

4.75

0.5
0.015625
0.015625
13000
23072.3
1604.923
24677.2

5449.68
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Ini{33]:=

Outf33j=

out{34]=

Out[35]=

Qut(36]~=

Outf37]=

cutf3g]=

Out{33}=

Qut{40]=

out{dij=

outf4z2]=

(* Flange Design Bolt Loadx)
Ap = 0.1406 x 24 (xcross sectional area of 1/2-13 gcreww)
SF = 4 (% MEDSS #)

Sp = 81000

(#*Unbrako - KS 1216 1/2-13 SHCS, 160, ksi tensile strength; T = —-400°F to 1200 °F
OR ABTM-A493-95 Grade S30430; Bl ksi tensile strength «)

Sy = 8¢ + SF

Ly = 83 XAy (* 1b., Max allowable bolt load )

BAm = Wny / Sa (* in®, cross-sectional area of bolts under operating condition =)

Amx = Wuz / Sa (* in®, cross-sectional area of bolts for gasket seating )
If[Am > Byar Bn = Apzs Bg = Bpy]

(= in®, total required cross-sectional area of bolte *)

We = Wy (* 1lb., Flange design bolt lead, for operating *)

(Am +Ab) sa . .
Wy = ———2— {(* 1b., Flange design bolt load, for gasket geating )

3.3744

81000

20250

68331.6
1.21863
0.26912
1.21.863
24677.2

46504 .4



Flange stress_hub_403.nb

Inf[205]):=

Qut{205]=

Out{206] =

Qutf207]=

Out[208]=

outf209}=

Outf2i0]=

outi2ii}=

outf212j=

Cutf{213]=

Cutf214)=

outf{215)=

Out{216]=

{* Flange Moment =)

{* Table 2-6, integral flange *)

Cp = 9.58 (» in., bolt circle diameter x)

g1 =0.5 (» in., hub flange thickness )

B = 7.625 (%in., inside diameter of flange )
test = 20 ¢y

{Cb - B)
= ————
2
hD =
R+0.5¢1 (» in., radial distance from bolt circle to the circle on which hp acts ®)
{Cp - &)
hg = —v
2
(R + gnn + hg)
bes—F

H, = 0.785B° P (+ lb., total hydrostatic force on area inside of flange *)
MD = HD hD

Hy =H-Hp
{* lb., difference, total hydrostatic end force less Hp *)
My = Hp By

Hg = W -H (*» 1b., gasket load =)
Mz =Hg hg

My =Mp + My + Mg (% in-1b., total flange moment due to operating conditions *)
(Cp ~ G) \ .
Mg =W, — (# in-1b., total flange moment due to gasket seating )

If[M, > M, "operating conditions control", "gasket seating conditions control®]

IEM, > Mg, Mo = Mo, My = IM]

9.58

0.4775
0.7275
6.52
0.74875
18393.1
13381,
4679.2

3503.55
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out{250]= 1604.83

Outf251]= 834.564

but[252]= 17719.%

Out[253]= 12832.1

Cutf254)= operating conditions control
Qut{255}= 1771%.1

In{256]:= (xFlange Stress x)

= 1 (vhub stress correction factorsx)

€
t = 1.25 (x in., flange thickness «)
h = 0.125 (* in., hub length «)

te=2g1
A = 10.5 (» in., OD of flange x)
K=A/B
X? (1+ 8.55246 Log[10, K]) -1
T = (* factor, Fig. 2-7.1x)

(1.04720 + 1.9448K?) (K-1)
K* (1+ 8.55246 Log[l0, K]} -1
U= (» factox, Fig. 2-7.1x)
1.36136 (K*-1) (K~1)

X? Log[10, K]

Y = 0.66845 +5.71690 {(+ factoxr, Fig. 2-7.1x)
K-1 (K2 - 1)
K+l

Z= (x factox, Fig. 2-7.1x)
¥ -1

Yo = g1

g1/ go

h = VBgo

h/h,

V = 0.550103 (+ Fig. 2-7.3 Integral flange factor =)

v 2
de = —h g,
v

ta+1l &
= + ——
T de
e - .
8 = ———-— (% p8i, Longitudinal hub stress *)
Lgf B
s (1.33&4 +1) M4, ( . dial £1 )
= * Ppgl, Radia ange sgtress =«
" L2 B ®
(+ pai, Tangental flange stress %)
¥ M,
ST = -~ Z SR
tz
out{256)= 1

Outf257})= 1.25

Out(258]= 0.125

outjf259i= 1.

outf260j= 10.5
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out{26i]= 1.37705

outfzezj= 1.7642

Qut[263]= 6.84641

Out{264]= 6.23025

Out{265]= 3.23148

outf266j= 0.5

Cutf267]= 1.

Outf268]= 1.95256

outf269]= 0.0640184

Cut{270})= 0.550103

Out[271]= 6,07525

out[272j= 1.45515

cutf273

out{274]

Out[275]}

nf276]:=
(* Allowable Flange Stress *)

Sz = 16700 (+ allowable stress for 316 L -20 to 100 °F, Table 1A, Section II +)
If[Sy < 1.5 S¢, "hub stress OK", "hub stress too large"]
If[Sx < 8¢, "radial stress OK", "radial stress too large"}
If[Sy < S¢, "tangental stress OK", "tangental stress too large"]
Sg + Sy

[—-2—-~— < 8g, "average stressl QK", "average stressl too 1arga“]
By +8
f{—~x———T— < 8¢, "average stress2 OK', "average stress2 too 1arge"]
2

outf276}= 16700

Out{277]= hub stress OK
Gut(278]= radial stress OK
Out[279]= tangental stress OK
Out[280]= average stressl CK

Out[281J= average stress2 OK



Xe_vessel_det.nb

(#Xenon Presgure Vessel Stress Calculations — Detector Ports)

Longitudinal

Membrane Siresses '{'Circumferenﬁai (Hoop)




Xe_vessel_det.nb

In{376):=
MAWP = 978
Ca = 16700 (xallowable stress for 316 L S5Tx)
gy = 37000
R; =1.1615
R, = 1.4375
t=R,-Ry
Ratio = ﬁ
Ry

If [1.1 < Ratio < 1.5, mediumwall]
If [Ratio < 1.1, thin wall]
If [Ratio > 1.5, thick wall)

Out[376]= 978
Out[377]= 16700
Cut[378)= 37000
Outb{373]= 1.1615
Out {380]= 1.4375
Out[381]= 0.276
Outf382]= 1.23762

out[383]= mediumwall
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In[386j:=
(+*Longitudinal Stress, S;%)
{MAWP R;?)
S1= T
(Ro® - Ry%)
(*Circumferential Stress, S;#)
o MAWP (Ro? + R;?)
2 -
(Ro* - R32)
{*Radial Stress, Six)
S3 = -MAWP
(*Von NMises Stresss)
On= V0.5 ((S1-82)% + (S2-83)% + (83 -81)%)
out[386]= §
outf387]=
Out{388]= [

out[389]=



Xe_vessel_det.nb

Infd4z]:=

Qut{d42]=

out{43]=

Outf44]=

Outfd5})=

Out{déj=

Cut{47]i=

Gut[48]=

outf49]=

out{50]=

out{51]=

{*wall thickness, in., max. pressure, psix)

{x*Circumferential Stress: wall thickness, in., max. pressure, psix)

B = 0.7 (#butt weld efficiency based on no inspection, Table UW-12x)

(MAWP R; )
te = (*UG27 c 1w)
(0. Ez - 0.6 MAWE)

o, Ef t
Pe = _(CaBet) (*UG27 © 1x)
{(R;y +0.6¢)
P
8Fye = hd (*+ P uges allowable stress so SF ~5 is also inlcludedw)

MAWE
(*Longitudinal Stress: wall thickness, in., max. pressure, paix)
(#Circumferential butt welds connecting

ellipsoidal head and hub to cylinder are Catagory A, Type 1 welds+)

Ef = 0.7 (+butt weld efficiency based on no inspection, Table UW-12x)

(MAWP R; )
t1 = (xUG27 o 2%)
{2 0y Bz + 0.4 MAWP)
(20aBr &)
Pp = o (%UG27 < 2+)
(Ry —0.41t)
SFy = (* P; uses allowable stress so SF ~5 is also inlcludeds)

If[P. < P1, "circumferential stress applies", "longitudinal stress applies"]
If[t; > t;, "circumferential ptress applies™, "longitudinal stress applies"]

0.7

0.102308

2431.2

2.48589

a.7

¢.0477867

6139.17

6.27727

circumferential stress applies

circumferential stress applies

#
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In{400]:=
(#*Check of Von Mises stress at 1.5 x MAWP for pressure testx)
MAWP = 1.5 x 978

{(*Longitudinal Stressa, S;*)
(MAWP R;?)
(Ro? ~Ry?)

8 =

{(xCircumferential Stress, S;«x)

MAWP (Ro® + R:®)

8; = 2 2
(Ro* - Rs*)

{(*Radial Stress, S3*)

83 = —-MAWP

(«Von Mises Stressx)

=V 0.5 ((81-82)% + (82-85)2 + (S5 -81)%)

a,

¥
Ny =

Om

IE[N: > 1, "vessel OK at 1.5 x MAWP during pressure test"]

out(400j= 1467.
out[401]= 2759.01
out(402]= 6985.02
Out{403j= -1467.
Out[404]= 7319.66 ,
Out[405j= 5.05488

out[406j= vessel OK at 1.5 x MAWP during pressure test
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detector_shell.nb

(*Opening reinforcement calculationgx)
(* Detectoxr pipe to shell wallx)
(# A3 = 0, A5 = 0, B42 = 0 %)

{(# Sch B0 Pipe, 3" @ %)

Tx = 2,875 (+OD%)

d=2.323 (+ID mins)

tn = {(Tx~-d) /2 (*nozzel wall thicknesgx)
te=1.25+tn (»weld leg heightw)

Qut[445]= 2.875
outfdd6]= 2.323
out[447]= 0.276

outf448]= 0.345

Inf{473]:= F=1 (*xcorrection Ffactorx)

tr = 0.335815 (+minimum shell thickness, Veasel_ stress2.nbx)

frli =1 (*strength reducton factorx)

E=0.5 (xshell wall thicknessx)

El = 1 (*joint efficiencyr)

AzdtrF + 2tntrF (1 - £ril)

Ala = d (Elt - Ftr) - 2tn (Blt ~ Ftx) (1 - frl)

Alb= 2 (k£ + tn) (ELt-Ftr) - 2tn (E1t - Ftr) (L- £frl)
If[Ala » Alb, Al = Ala, Al = Alb]

Qukf473]= 1
Outf474]= 0.335815
Ouk{475)= 1
Qut{d476]= 0.5

Qutf477]= 1

Oout{d478)=

Out{479]= 0.381402

Out[480]= 0.,254815

Out[481]= 0.381402 4



detector_shell.nb

Inj482]:= fxr2 =1 (»xstrength reducton factorx)
trn = 0.10230807 (+requierd nozzel thicknesa, Xe_vessel _det.nbx)
AZa= 5 (tn - trn) £x2 ¢t
AZb = 5 (tn -trn) £xr2tn
If[a2a < A2b, A2 = A2a, A2 = A2b]

Oukf482]= 1

out({483]= 0.10230807
Qutfd4adi= 0.43423
Qut{485]= 0.239695

Out{486]= 0.239695

fri =1 (*strength reducton factorx)
Ad3 = te® fr3

te® £r3 )
Adl = —-2— {* 1/2 the area, skip weld on outsidex)

Qut{492]= 1
out({493]= 0.119025

outfd94j= 0.0595125

In[498]:= (AL + A2 +Ad3 + Adl)
A
(AL + A2 + A43 + Adl) >= A
(*If mctual area > area required, then no additional reinforcement required x)

Out (498]=

Out [498]=

Out{500}= True



weld_load_stress det.nb 1

{(+#must run "detector_ghell.nb" file first to save variables defined below
into memoryx)



weld_load_stress_det.nb

Inf523):= (xLoad / Stress Carried by Welds=)

A

al

A2

A3 =0

A5 =0

A4l

Ad2 =0

Ad3
out[523j= 0.780098
out{524j= 0.381402
out{525]= 0.2396595
out[526)= 0
outf{527)= 0
cut{528)= 0.0555125
cutf[529)= 0

cut{530)}= 0.11%025

Inf533]:= Bv= 16700 (* allowable stressx)
Wz (A-~Al+2tnfrl (E1t - Ftr)) Sv

out{533]= 16700

cut{534]= |

Inf{535]:=
Wiy = (A2 + AS + A4l + Ad2) Sv

out[535]= 49%6.76

Inf536]:= Way = (A2 + A3 + Adl + A43 + 2 tn t £rl) Sv
out{536j= 11593.7
In{537}:=
Wiz = (A2 + A3 + AS + Adl + Ad2 + Ad3 + 2tnt £frl) Sv

out(537j= 11593.7

{(* W (total weld load) << Wi, Wa.2, Wiz, (weld load available))

In[539]:= (#*Allowable Unit Streasesgx)
(#*Fillet Weld Shear, UW 15 cx)
Cgw = 0.49 (Sv)

out{539j= 8183.
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In[540):= (*Nozzel Wall Sheaxr, UG 45 cx)
Opy = 0.7 (8v)

out[540]= 11630.

In{541]}:

(*Strength of Comnection Elementsx)
(xFillet Weld Shears)

¢
Weyw = — T te opy
2
Cut[541)= 12749.4
In[542]):=
(*Strength of Connection Elements+)

(*Nozzel Wall Shears)

. (Tx+d)
Wow = — ———— tn Ony
2 2

Outf542]= 13171.9

Inf543]:=
WSi-1 = Wow
WSz.2 = Wew
out(543]= 23
out(544]= yiid

(#All Paths WS;.;, WSz.;, are stronger than the required strength W«)



Xe_vessel VCR.nb

(*Xenon Pressure Vessel Stregs Calculations — VCR Portw)

Longitudinal— |
Circumferential (Hoop)

S

Membrane Stresses {




Xe_vessel_VCR.nb

Inf545j:=
MAWP = 978
Oy = 16700 (xallowable stress for 316 L S8Tx)
oy = 37000
Ry = 0.40/2.
R, =0.5/2.
£ =R, -R;
Ratioz —
Ry

If [1.1 < Ratio < 1.5, mediumwall]
If [Ratic < 1.1, thin wall}
If [Ratio > 1.5, thick wall]

out[545]= 978
out[5467= 16700
out[547]= 37000
out[548j= 0.2
Out{549j= 0.25
out[550]= 0.05
Out{551J= 1.25

out{552]= mediumwall



Xe_vessel VCR.nb

In{555]:=
{(«Longitudinal Stress, Si+)
g (MAWP R;?)
1 S —
(Ro? - Ry?)
{(*Circumferential Stress, S;+)
g, _ JwE (Ro® + Ry )
2 =
(Ro? - Ri?)
(*Radial Streas, S3*)
83 = -MAWP
(*Von Mises Stressx)
Oa =V 0.5 ((81-82)% # (S2-85)2 + (83 -8,)7)
out{555]=
out[556]=
out{557]=

out[558]= BIQ



Xe_vessel VCR.nb

Inf73]:=

Out{73}]=

Outf74)=

Out({75j=

outf76}=

Qut{77i=

Out{78]=

ouk{7%]=

outfeoj=

out(81j=

cut{82}]=

(*wall thickness, in., max. pressure, psix)

{(*Circumferential Stress: wall thickness, in., max. pressure, psix)

Be = 1.0 (refficiencys)

(MAWE Ry )
te = (#UG2T o 1)
{Oa Ef - 0.6 MAWP)
gy Ef t
po o —oxBet) (¥UG27 ¢ 1x)
(Ry +0.6¢)
BFye = (*#+ P uses allowable stress so SF ~5 is also inlcludeds)

(«Longitudinal Stress: wall thicknegs, in., max. pressure, psix)
(¥Circumferential butt welds connecting
ellipscidal head and hub to cylinder are Catagory A, Type 1 weldsx)

Ef = 1.0 (vefficincy+)

(MAWP R; )
£y = {(*xUG27 c 2%)
(2 oa Br + 0.4 MAWP)
(20, Be ©)
Pl o —— (3UG2T7 ¢ 2%)
(Ry -0.4¢)
SFy1 = (x P; uses allowable stress so SF ~5 is also inlcludeds)

If[Pc < P1, "circumferential stress applies”, "longitudinal stress appliesg"]
Ifft. > £, "circumferential stress applies®, "longitudinal streszs applies"]

1.
0.0121391
3630.43

3.7121

0.0057884¢

9277.78

9.48648

circumferential stress applies

circumferential stress applies
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Inf[568]:=

out (569)=

out{570]=

out{571})=

out{572]=

out[573]=

out[574]=

out[575]=

{*Chack of Von Mises atress at 1.5 x MAWP for pressure testx)
MAWP = 1,5 x 978

{*Longitudinal Stress, Six)
(MAWP R;2)

(Ro® - R ?)

8 =

(*Circumferential Streass, S;«)

MAWP (R, + R;?)
{Ro? - Rs?)

8; =

{*Radial Stress, S3x)

83 = -MAWP

{«*Von Mises Stressaw)

On =N 0.5 ((S1-82) + (S2-8)2 + (S -81)%)
s
T

If[N: > 1, "veszel OK at 1.5 x MAWP during pressure test"]

1467.

2608.

6683.

~1467.

7058.11 -
5.2422

vessel OK at 1.5 x MAWP during pressure test



VCR_shell.nb I




VCR_shell.nb

In(576]:= (% Opening Reinforcement Calculations=)
(* VCR Gland to shell wallx)
(* A3 = 0, A5 = 0, Ad3 = 0, A42 = 0 *)

(#* VCR, 0.5" @ %)

Tx = .5 {%0Dx)

d=0.40 (+ID min=)

tn = (Tx~d) /2 (+nozzel wall thicknesss)
te=1.25+tn (*xweld leg heightx)

Out(576]= 0.5
Qut(577]= 0.4
Out[578]= 0.05

out{579]= 0.0625

In[580):= ¥ =1 (*correction factorx)

tr = 0.335815 (#minimum shell thickness, Vessel_stress2.nbx)

frl = 1 (*strength reducton factors)

t =0.5 (xghell wall thicknessx+)

El = 1 (*joint efficiencyx)

A=dtrF + 2tntrF (1 - frl)

Ala = A (ELt - Ftr) - 2tn (Elt - Fer) (1 - £rl)

Alb= 2 (t + tn) (ELt-Ftr) - 2¢tn (Elt - Ftr) (1- £frl)
I£fAla > Alb, Al = Ala, Al = Alb]

out[580j= 1
Oout[581]= 0.335815
outf582j= 1
outf583j= 0.5
out{584j= 1
out{585]= 0.124326
outf586]= 0.065674
out[587j= 0.180604

outf588j= 0.180604 ’



VCR_shell.nb

In{589}:= fr2 =1 (watrength reducton factoxrw)
trn = 0.0121391 (»required nozzel thickness, Xe_vessel _VCR.nb=)
AZa= 5 (tn - trn) fr2 ¢t
A2b = 5 {tn - txn) fr2 tn
If[A2a < A2b, A2 = A2a, A2 = A2Db]

Qut(589j= 1

out(590]= 0.0121391
out({591]= 0.0946522
Oue(592]= 0.00946522

Out593]= 0.00946522
In{5%84j:~ £r3 =1 («strength reducton factorx)
Ad3 = te? £r3

Out {594j= 1

out[595]= 0.00390625

In[596}:;= (AL +A2+A43)
A
(AL +A2 +A43) »>=A
(*If actual area > area reguired, then no additional reinforcement required +)

Out(596]=

out[597]= i

out[598}= True



weld_load_stress_VCR.nb 1

{(+must run "VCR_shell.nb” file first to save variables defined below into memorysx)



weld_load_stress_VCR.nb

In[59%}:= (+Load / Stress

A

Al

A2

A3 =0
A5 =0

Adl =10
Ad2 =0
A4d3

out{598]= 0.134328
outf{s00]= 0.180604
outf{601j= 0.00946522
out[602]j= 0

Out{603j= 0

Outi604j= 0

outf605]= 0

outf606]= 0.00390625

In{607]:= 8v= 16700

Carried by Welds«)

W= (A-2l+2tnfrl (El1t - Ftr)) Sv

Out{607]= 16700

Out[608]= -498.645

Inf6i0]:=

Wi = (A2 + A5 + A4l + A42) Sv

out{610j= 158.069

In{611}:= Waa= (AZ + A3 + A4l + A43 + 2 tn t £rl) Sv

Outfell]= 1058.3

In[612}:= Wiz = (A2 + A3 + A5 + A4l + A42 + Ad3 + 2tnt £frl) Sv

outf{612j= 1058.3

(* W (total weld load) << Wiy, Wiz, Wis,

Inf613]:= {(*Allowable Unit Stressesx)
{#Fillet Weld Shear, UW 15 c=)

Opy = 0.49 (Sv)

Outf{613]= B1B3.

h

{(weld load available) )



weld load_stress_VCR.nb

Inf6l4]:= (»Nozzel Wall Shear, UG 45 cx)
Opw = 0.7 (8v)

Out{gld4)= 11690.

Inf[6l5]):=
{xStrength of Connection Elements+)
{*Fillet Weld Shearw)
s
Wew = ; Tx te Ogy
Out{615]= 403,682
Inf6l6]):=

{(*Strength of Connection Elementsx)
(*Nozzel Wall Sheazx)

7w (Tae+d)
Wow = — ————— tN Upy
2 2

out{gis]= 413.159

In[617]:=
WS11 = Wiy
WSzz = Wey
out[617]= 41
out [618]=40

(*All Paths WSi.;, WSz.2, are strongex than the required strength Wx)



VCR_gamma_port.nb

Inf24j:=

Outf24]=

out{25]=

outf26]=

In{27]:=

Cutf27]=

Outf28]=

out{29j=

out(30}=

OQut{3ij=

Outf32]=

{(* VCR Port Xe chamber gamma ray feedthru x)
(+ 850 psia MOP,

stainless steel VCR plug with 0.250 " @ counterbore. Determine head thickness:

{(* Load at operating conditions *)

G = 0,250 (+ Diameter, in. at gasket load location %)
P = 850%1.15 (+ MAWP, internal design pressure )
H=0.785G" P (» 1b., Total hydrostatic end force )

0.25
977.5

47.9586

Ca =0.75 (*Head attachment consatant, UG-34 (r)=*)
Eef =1.0 (#*Efficiency Factor )

dya =@ (*in. hole cross-sectional diameterw)

Oy = 77000.0 (*pei, 316L ultimate strengthx)

oy =16700 ({#psi, 316 L allowable strengths)

CaXx P
th = dg .‘/ —- {* in., required head thickneas, nc bending moment =}
O X Eg

¢.75

0.25

77000,

16700

0.0523806



Xe_vessel_LN2.nb

(#*Xenon Pressure Vessel Stress Calculations — LN2 Portx)

Long 1mdmal =

Membrane Stresses { C;rcumferenfxal (Hoop)




Xe_vessel ILN2.nb

In{6l9]:=
MAWP = 978
oy = 16700 (xallowable stress for 316L SST«)
o, = 37000
Ri =1.5/2.
Ry = 1L.9/2.
E=Ro-Ry
Ratio = E
Rj

If [1.1 < Ratio < 1.5, mediumwall]
If [Ratio < 1.1, thin walll]
If [Ratio > 1.5, thick wall]

out{619j= 978
Out{620]= 16700
Out{62ij= 37000
outie22}= 0.75
outf623}= 0.95
outfez2dl= 0.2
Outf625]= 1.26687

out{626]= mediumwall



Xe_vessel LN2.nb

In({629]:=

(«»Longitudinal Stress, S;x)

< {MAWP Ry?)

1 - —

(Ro® - R3?)

(#Circumferential Stress, S,x)

o MAWP (R,2 + Ry?)

2 =

(Ro® - Ry %)

{*Radial Stress, Sj3x)

S3 = ~-MAWP

(*Von Mises Stressx)

m = '\/0'5 ((81~82)% + (S2-83)% + (83 -81)%)
out{629]=
out(630]= %
out{631]=

out{632]= 4496



Xe_vessel LN2.nb

Infl104j}:=

outf104)=

outlig@5])=

outf108)=

outf{io7]=

out{i08]=

Oout[109]=

out{110]=

outfillj=

Outf1i2]=

Outfiiij=

{*wall thickness, in., max. pressure, psix)

(«*Circumferential Stress: wall thickness, in., max. presgsure, psix)

Be = 0.7 (xbutt weld efficiency based on no inspection, Table UW-12x)
{MAWP R; )
te = (*UG27 o 1x)
{0, Ef - 0.6 MAWP)
Ty Eg
P = (G Be®) (xUG27 ¢ 1%)
(Ry +0.6¢t)
P
SFyc = ¢ (» P; uses allowable stress mo SF ~5 is also inlcludedsx)

(*Longitudinal Stress: wall thickness, in., max. pressure, paix)
(#Circumferential butt welds connecting
ellipsoidal head and hub to cylinder are Catagory A, Type 1 weldsx)

E; = 0.7 (vbutt weld efficiency based on no inspection, Table UW-12%)
(MAWP Ry )
ty = (*xUG27 ¢ 2%)
(2 05 Eg + 0.4 MAWP)
20, Eg t
py o 2B a2 e 24)
(Re - 0.4%)
P
SFm = (#* P, uses allowable stress so SF ~5 is also inlcludedx)

MAWF

If[P; < Py, "circumferential stress applies®, "longitudinal stress applies"]
Iffte > t1, "circumferential stress applies", "longitudinal stress applies"]

0.7

0.066062

2687.36

2.74781

0.7

0.0308567

6879.1

7.1361

circumferential stress applies

circumferential stress applies



Xe_vessel LN2.nb

Inf643}:=
(#Check of Von Misges stress at 1.5 x MAWP for presgsure tests)
MAWP = 1.5 x 978

(#*Longitudinal Stress, S;x)
(MAWP R;2)

(Ro? - R3?)

8 =

{(*Circumferential Stress, S;«x)

MAWP (R,% +R;?)

Sy =
(Ro? - Ry )

{xRadial Stress, S3=)

Sy = -MAWP

{(«Von Mises Stressx)

o'm='\/0.5 ((81-82)% + (82-83)2 + (83 - 8.}%)

(=2
¥
N; = —

Cn

If[N, > 1, "vesgsel OK at 1.5 x MAWP during pressure test"]

Out[643]= 1467.
Out[6447= 2427.02
out[645j= 6321.04
outfédej= -1467.
out[ed7j= 6744.64
out[648j= 5.48583

out[649]= wvessel CK at 1.5 x MAWP during pressure test
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LN2_shell.nb

Inf4}:= (% Opening Reinforcement Calculationa+)
{* LN2 Trap to shell wallx)
{(# A3 = 0, AS = 0, Ad2 = 0 +)

(* Pipe Sch. 80 1.5" @& )

T =1.9 (%0Dx)

d=1.5 (*ID minx)

tn = (Tx~d) /2 (»nozzel wall thicknegag+)
te=1.25%tn (*weld leg heightx)

Cut{d]= 1.9
Outf{5}= 1.5
out(6]= 0.2

Qukf{7}]= 0.25
In[8]:= F =1 (xcoxrection factors)
tr = 0.335815 (+minimum shell thickness, Vessal stress2.nbsx)
frl =1 (xstrength reducton factorx)
t =0.5 (xshell wall thicknessx)
El = 1 {#joint efficiencys)
A=dtrF + 2tntrF (1 - fril)
Ala = d (E1t - Ftx) - 2¢n (ELlt - Ftr) (1 - frl)
Alb= 2 (t + tn) (Elt-Ftx) - 2¢tn (BLt - Ftr) (1- £rl)
If[Ala > Alb, Al = Ala, Al = Alb]

out{gl= 1

Quef9j= 0.335815
Qutfloj= 1
Out({11ij= 0.5
Outf12j= 1
outfl3]= 0.5‘03722
out{idj= 0.246278
outf{15]= (.229859

cut{l6j= ©.246278 ,



LN2_shell.nb

In{i7}:= £r2 =1 (vstrength reducton factorx)
trn = 0,066062 (+required nozzel thickness, Xe_vessel _LN2.nbw)
A2a= 5 (tn - trn) fra2 t
A2b = 5 (tn - txrn) fr2 tn
If [A2a < AZb, A2 = A2a, A2 = A2b]

out{17})= 1

out{18}]= 0.066062
Out{19]= 0.334845
out{20]= 0.133938

outf[21]= 0.133938

In[72]:= f£r3 =1 (*strength reducton factorw)
243 = te? fr3
te, = 1L.4tn

te,? £r3 . .
Adl = Y {(* 80% the area, skip weld on outsidex)

outf72]= 1
ocut{73]= 0.0625
outf74]= .28

Gutf[75]= (0.0653333

Inf76]:= (Al +A2 + A43 + A4l)
A
(Al + A2 + A43 +R&1l) >= A
(*If actual area > area required, then no additional reinforcement requixed *)

cutf76j= i

outf?77]=

outf78}]= True



weld_load_stress_LN2.nb

(*must run "LN2_shell.nb" file first to save variables

defined below into

memorys)



weld_load_stress_LN2.nb

In{79]:= (*Load / Stress Carried by Weldsx)

A

Al

A2

A3 =0

A5 =10

Adl

Ad2 =0

Ad3
outf79}= 0.503722
outf80]= 0.246278
Outf81]= 0.133938
out{82]= 0
out{83j= 0
out[84]= 0.0653333
outf85]= 0

out[86)= 0.0625

In[87}:= Sv = 16700
W= (A-Al+2tnfrl (El1t - Ftr)) Sv

out{87]= 16700

Out[88j= !

Infg89):=
Wiz = (A2 + A5 + A4l + Ad2) Sv

Cut{89]= 3327.83

Inf80):= Wzz = (A2 + A3 + A4l + A43 + 2&n t frl) Sv

out{90j= 7T771l%1.58

Wiz = (A2 + A3 + A5 + A4l + Ad42 + Ad3 + 2tnt £rl) Sv

-,

7664.26

(* W (total weld load) << Wia, Wiz, Wi, {(weld load available) x)

Infg81):= (+«Allowable Unit Stressesx)
(+*Fillet Weld Shear, UW 15 cx)
Oew = 0.49 {8v)

Cut{91]= B8183.



weld _load_stress_LN2.nb

Inj92]:= (*Nozzel Wall Shear, UG 45 cx)
Opw = 0.7 (Sv)

cut{82}= 11690.
Inf93}:=

(*Strength of Connection Elementss)
(*Fillet Weld Shearsx)

I
Wew = — Tx e oy
2
Out{33j= 6105.57

Inf94]:=
(*Strength of Connection Elementsx)
(*Nozzel Wall Sheaxrx)

n (Tx+d)
Wnw = ? —— N Opy

Outfg4]= 6243.29

m{8s5]:=
WS1.1 = Wny
WSy = Wey
out[95)= 1624
out9sl= 161

(#*All Paths WSi.;, WS2.2, are stronger than the required strength Wx)



head_350_K_openings2.nb

(*+ Stress Concentration Factor for mini-conflat copenings in head. Reference: Wiley )}

Stress Concentration Faclors

Tahle &
Maximum Kl for circular plate wiih circular holes with internal gressure only
Pattern Spacing __ {Maximum Kt Location [ Reference
R = 0.5 |See Fig. 126 |See Fig, 126 |223 228 229
RfRy= 0.5 .
ff’Rg—- 0.2 |SeeFig, 127 | See Fig. 127 730
R/R, = 0.5 . .
rlﬂg -0.2 See Fig, 127 | See Fig. 127 10
3
RIRy = 0.5
p I’Rg =0.25 2.45 A 223
- 2.2718
ffgﬂf_ g g Pressure in A
4 o= All Holes 3
1.521 i
Pressure in B
Center Hole

Only




head_350_K_openings2.nb

In{i1038]:=

out(1039]=
Out{1040]}=
out{1041j=
out{1042]j=
outf1043]j=
Outf1044j=

outfl045]=

Inf1256):=

Out(1256]=

(#»must run "Flange stress_hub_ 403.nb"
file first to save variables defined below intc memorys=)

(*+ AssumptionsiChamber head design hasg 5 mini-conflat holes,not 6,

K, will be conservative. Chamber head has 1.5 " diameter inner hole, #4 model has
equal diameter holes throughout, X, will not be conservative. Assume
these 2 opposites have a cancelling effect and given K, is wvalid. Actual BC hole
radius is 0.3125". But, for this analysis asaume all holes 0.75" radius *)

Ro= 5.25 (%im.,Flange outside radiusgx)
rh = 0.750 (%in.,BC hole radiuss)
Ri= 0.750 (#*in.,inner hole radiuss)

R=5.5/2 (+ in., mini conflat bolt circle radius =)

Ri
1l = — (xgraph constantx)
Ro

R
m= — {+graph constant)
Ro

Ty
O = -—R— (xgraph congtantw+)
o

5.25
0.75
0.75
2.75
0.142857
0.5238%
0.142857

h

(% ;‘—0 and —;{; are slightly less than #4 model,

but K. will be less (conservative) for chamber head design.x)
K. = 2.278

2.278



head_350_K_openings2.nb

Inf1257):=
Co = 0.3 (xflange attachment constants)
pP=350 x 1.15 («pg8i, MAWPx)
Ee = 1.0 («*Efficiency Factor =)
dga = 8.54 (%in. gasket diametexrs)
Wml
(* 1b., Must run "Flange stress_hub_403.nb" to
define this variable. Minimum required bolt load, for operating #)
hg =0.520 (» in., Must run
"Flange stress_hub 403.nb" to define this variable.Bending moment length )
oy = 77000.0 (#psi, 316 L ultimate strengthx)

16700 .
Op = m——=  (%psi, 316L allowable strengthx)

K.
outfizs7}= 0.3
outfi258)1= 402.5
outil259]= 1.
out[1260}= 8.54
out[l261}= 24677.2
out{i262]= 0.52

out{i263j= T7000.

Out{iZed}= 7330.99

(Ca * P} (1.9 % Wpy *hg)
+
(Ca * Ef) {Ua * Es *dqaa)

In{1265]:= tp =dg, (* in., required flange thickness %)

Out{ize5]=

Inf1266]:

If[ty < 1.5, "flange thickness is OK", "flange thickness iz NOT OK"]

out{1266}= flange thickness is OK



head_350_K_openings2.nb

Infi565):=

Out{i565]=
out[i5e6]=
out(1567)=
out{i568]=
out{i1569]=
outfis70]=

Cut[i571]=

{* Maximum distance between
hole centexrs for a cluster of holes in head, UG-36 (3} {(d)=)

(* No two unreinforced openings shall have their centers closer than: )
R

w
dhatwaenholest = Sin[36x 0 ] X Rx 2

d; = 0.625
dy =d: (+ diameter of holes =*)
Cd 2.5 (dl +d2)

1]

Iif [dbatwaenholosl > Ca.
"digtance between 5.5 BC holes OK", "distance between 5.5 BC holes NOT OK"]

dbatwannho:l.asz = R - .,.75-.3125

d, = 0.625
d; =1.500
Ca = 2.5 (d; +d3)

If [dpatuconbolesz > Ca, "distance between center hole and 5.5 BC holes OK", "distance
between center hole and 5.5 BC holes NOT OK,,,,. use alternative UG~3%(d)"]

(d:l.*'dz)]
2

d d.
(( 1; 2)]

dber.wanhclasz < 2 [

dbetwasnholnaz > 1.25

(#* in., required flange thickness,
UG-35 (o) (1) (2), using altexnative to Area reinforcment of UG39 (b) (1) *)

oa = 16700

R - ( (51:12) )

ef = = {# UG39 () (2) =)
£f5 = Y0.5/ef

(Co *P) (1.8 %Wy *hg)
+

th =dga [ Fax2
(oa * Ef) (G2 % B xdga”)

2.75 s

3.23282

0.625

0.625

3.125

distance between 5.5 BC holes OK

1.6875



head_350_K_openings2.nb

out{1572]= 0.625

out{1573j= 1.5

out{is74j= 5.3125

OQut[1575]= distance between center hole and 5.5 BC holes NOT OK,,,,, use alternative UG-39(d)
ocut{is76]= True

out{i577]= True

Qut[i578}= 16700

out{i57%]= 0.613636

out{i580¢}= 0.902671

Qut{i5gl}j= 1.12279%



head_350_K_openings2.nb

out[1589]= 0.625

cut{isgej= 1.5

Cutfi591j= 5.3125

Cut[1592]= distance between center hole and 5.5 BC holes NOT OK,,,,, use alternative UG-3%(d)}
out{1593}= True

Cut[1594}= True

Gut{1595}= 16700

out{1596}= 0.613636

out{i597j= 0.902671

out{1598]= 1.24385



head _850_no_openings.nb

(+#must run "Flange stress_hub $78.nb*
file first to save variables defined below into memorysx)

(+ Assumptions: Chamber head design has has no holes )

Ro= 5.25 (win.,Flange cutside radius+)

Ca=0.3 (#flange attachment constants)
=850 x 1.15 (xpsi, MAWP«)
Er = 1.0 (*Efficiency Factor x)
dys =G (»in. gasket diameterxrx)
W1
{* lb., Must run "Flange gtress_hub _ 978.nb
" to define this variable. Minimum required bolt load, for operating «)
hg = 0.520 (% in.,
Must run "Flange stress_hub 578.nb" to define this variable.Bending moment length %)
&y = 77000.0 (*pei, 316L ultimate strengthx)
ga = 16700 {*psi, 316 L allowable strengthx)

0.3

977.5

7.98
58849.9
0.52
77000,

16700

Co %P 1.9% Wy «h
th = dga (Ce ) + ( 1 * Ba) (* in., required flange thickness x}
{oa % Ef) (U,*Ef*dgaa)

If[tp < 1.980, "flange thickness is OK", "flange thickness is NOT OK"]

flange thickness is OK

(* Minimum thickness of plate under gasket (hub) =*)

tg =dg, '\/ (1.9 %Wy +hg) / (o,*d,,a) {(* UG34, sketch (k) =)

If{tg< 1.980, "flange hub thickness is OK", "flange hub thickness ig NOT OK"]

0529,

flange hub thickness is OK



head_850_4.625_no_openings.nb

{+xmust run "Flange stregs_hub small 978.nb"
file first to save variakles defined below into memorysw)

(* Assumptions: Head design has has no holes =)

Ro= 4.63/2 (+in.,Flange outside radiusx)

Ca=0.3 {(«#£lange attachment constants)
P =850 x 1,15 (*psi, MAWPx)
Be=1.0 {(*Efficliency Factor «)
dga =G (*in. gasket diameterx)
Wml
(¥ 1b., Must run "Flange stress_hub_small _ 978.nb
" to define this variable. Minimum recguired bolt load, for operating =)
hg =0.520 (+ in., Must xrun
"Flange stress _hub_small 378.nb" to define this variable.Bending moment length =)

Ox = 16700 (*psi, 304 L allowable strengthx)

0.3

877.5%

3.35
10143.7
0.52

16700

{Co * D} 1.9% Wy +h
th = dga - + ( s * fla) (* in., required flange thickness »)
(o * Eg)} (04 *#Ef % dg,”)

I£[ tn < 0.750, "flange thickness is OK*, "flange thickness is NOT OK"]

flange thickness is OK

(* Minimum thickness of plate under gasket (hub) =)

tg:@,\/u.s*wml*hg) / (Ca%dga’) (* UG34, sketch (k) #)

If[tg < 0.81, "flange hub thickness is OK", "flange hub thickness iz NOT OK"]

flange hub thickness is OK



Bolt_load_1.33CF_350.nb

Gaskft t‘" { _"‘;
* e\ F— —

(5)

{(* Bolted Flange Connections with flat metal Copper Gasket,
Xe chamber high voltage feedthru *)
{(# 350 psia MOP, conflat type head =)



Boli_load_1.33CF_350.nb

{* Bolt Load at operating conditions +)

G = 0.72 (v Diameter, in. at gasket load location =)

P = 350%1.15 (» MAWP, internal design pressaure x)

m= 4.75 (» gasket factor f£lat Cu gasket, Table 2-4.1 x)
Ng = 0.25 {(# width of Cu gasket «)

N,
b, = ?"2_ (* N/4 for multiple serrations Table 2-5.2 (5),

assume N/32 given a single knife edge serration as used in Copflats *)
T£[bo <= 0.25, b = bo, b = .5V by |

¥y = 13000 (+ psi, design seating stress for soft copper, Table 2-5.1 %)

H=0.785G@"P (x» 1b., Total hydrostatic end force =)

Hy= 2bx 7Gm?P (* lb., Total joint-contact surface compression load )
Wp1 = H + Hy (v Minimum required bolt load, for cperating =)

Wz = #Gby (* Minimum reguired bolt load, for gasket seating =)

0.72
402.5
4.75

0.25
0.0078125
0.0078125
13000

163.785

67.5712




Bolt_load_1.33CF_350.nb

Inf54}:=

out[54]=

Outf55]=

Out(56]=

out{57]=

outf58]=

out{58]=

outfe]=

Out{61]=

outfé2]=

cut{63]=

out{64j=

(*# Design Bolt Loadx)
nx0.1248%

Ap = ummw:-——— X 6 (xcrogs sectional area of #8-32 screws)

SF = 4 (% MEDSS =)

Sr = 81000

{#*Unbrako - KS 1216 8-32 SHCS, 160, koi tensile atrength; T = -400°F to 1200 °F
OR ASTM-A493-35 Grade S30430; 81 ksi tensile strength =)

Sa = S¢ + BF

Lp = Sy XAy (» 1b., Max allowable bolt load «)

Apy = Wa1 / 8a (* in®,cross-sectional area of bolts under operating condition )

Buz = Waz / Sa (* in®, cross-sectional area of bolts for gasket seating *)
If{An: > Aoy By = Bpas Ap = Bpg

(+ in®, total required cross-sgectional area of bolts *)

Wo = Wm (* lb., Flange design bolt load, for operating )

(Am"'Ah) Sa . .
Wy = B e— (x 1b., Flange design bolt load, for gasket seating )

SFy = Ly, SF /Wy
0.073385¢
4

81000
20250
1486.26
0.0114255
0.03113444
0.0114255
231.366
858.814

6.92239



Bolt_load_1.33CF_350.nb

Ce =0.3 (#flange attachment constant«)

p=350 x 1.15 (»pai, HMAWPx)

Es=1.0 (»Efficiency Factoxr =)

dg, =G (*in. gasket diameterx)

Wn:l

{(*#* lb., Minimum required bolt load, for ocperating =)
b = 0.171 (* in., Bending moment length )

oy = 77000.0 (+psi, 304 L ultimate strengths)

Ca = 16700 (*xpsi, 3041L allowable strengths)

Co*P 1.9%Wm *
ty = dga (Ce ¥ P) + ¢ m ¥ Bs) (* in., reguired flange thickness =)
(O % Eg) {On Bz #dga") :

231.366

0.171

T7G00.

16700




Bolt_load_2.75CF_350.nb

Gasket I‘* 4 "i

(5)

(+ Bolted Flange Connactions with flat metal Copper Gasket,
Xe chamber gamma ray feedthru =)
(» 350 psia MOP, conflat type head x)



Bolt_load 2.75CF_350.nb

(* Bolt Load at operating conditions x)

G = 1.650 (» Diameter, in. at gasket load location )

P = 350%1.15 (* MAWP, intermal design pressure =)

m= 4.75 (» gagket factor £lat Cu gasket, Table 2-4.1 %)
Ny = 0.25 {* width of Cu gasket =)

H,
by = 3—:— (* N/4 for multiple serrations Table 2-5.2 (5),

aggume N/32 given a single knife edge serration as used in Conflats *)
T£[bo <= 0.25, b = bo, b = .5 w/'ﬁ:]

¥ =13000 (% psi, design seating stress for soft copper, Table 2-5.1 *)
H=0.7856% P (x 1lb., Total hydrogtatic end force )

Hy= 2b x 7GmP (% 1b., Total joint-contact surface compression load «)
Woy = B + Hp (* Minimum required bolt load, for operating x)
Wz = 7Gby (* Minimum regquired bolt load, for gasket seating =)

1.65

402.5
~4.75

0.25

0.0078125

0.0078L25

13060

860.208

154.851




Bolt_load_2.75CF_350.nb

In{76]:=

out|76]=

Oout[77]=

outf78]=

outi79]=

Outl80]=

outf81]=

outf82})=

out[83]=

Out[84]=

out{85]=

Qutf86]=

(* Design Bolt Loadx)
nx0.20522

h*:=—_""ﬁzm"'_ X § (xcross sectional area of 1/4-28 screwx)

S8F = 4 (% MEDSS 4)

S = 81000

(#Unbrake - KS 1216 1/4-28 SHCS, 160, ksi tensile gtrength; T = -400°F to 1200 °F
OR ASTM-A433-95 Grade 530430; 81 ksi tensile strength =*)

S5 = 8¢+ SF

Iy = Sax3;, {* lb., Max allowable bolt load %)

Bpt = Wpy / Sa (# inz,chSSmsectional area of bolts under cperating condition =)

Bpy = Way / S, (» in?, cross-sectional area of bolte for gasket seating *)
I£[Any > Boas Bg = Anys Ay = Ap)

(% in%, total required cross-gectional area of bolts =)

Wo = Wy (* 1lb., Flange design bolt load, for operating =)

(Ba +B5) S, . :
Wy = ———m?;———— (* 1b., Flange design bolt load, for gasket seating =x)

§F, = In 8F / W,

0.198425
4

81000
20250
4018.1
0.0501264
0.0259981
0.0501264
1015.06
2516.58

6.38661



Bolt_load_2.75CF_350.nb

Co=0.13 {*flange attachment constantw)

P =350 x 1.15 (*psi, MAWP«x)

Ef =1.0 (+»Efficiency Factor =)

dga =G (*in. gasket diameters)

Wml

(* lb., Minimum required bolt load, for operating =)
hg =0.331 (» in., Bending moment length x)

Oy = 77000.0 (xpsi, 304 L ultimate astrength«)

gz =16700 (spai, 304 L allowable strengthx)

/ CaX D .
th = dg, —:——E— (+ in., reguired flange thickness, no bending moment =)
CTa XK Mg

(Ca *P) (1.9 %Wy +hg .
the = dga 2 + = ) (# in., required flange thickness x)
(0a xEf) (on *Eg *dgaa)

P=0 (+xpsi, MAWPx)
Wi
(* 1b., Minimum required bolt load, for gasket seating )

Ca *P) (1.9 %Wy +hy
thg = dga (Ce + =2 ) (* in., required flange thicknesas «)
(Ca *Ef) {0 * Bf *dgn3)

¢.13

402.5

1.

1.65

1015.06

0.331

77000.

16700

0

526.462

0.1096%16



misc.nb

{(* Miscellaneous Calculations =)

(* UG-36 Cpenings in Pressure vesselsgs)
{* UG-36 () (3) (d), HNo two unreinforced openings shall have their centers
closer than the sum of their diameters: «)

{* This applies to all holeg in the shell of the vessel. Actual holes have
reinforcement built inte the design so this is concervative. *)

dl = 2.87
d, = 0.5
1, =d; +d,
tx7.625
1= e (+ distance between holesx)
1>=1,
2.87
0.5

(# Drilled holes not penetrating shell )
(* holes must be less than 2" dia. & not less than 0.25 "x)

Dy = 7.625
t = 0.5

Di/t
Dy /t »=10

7.635

15.25

True

dn = 0,375 (% UNF 3/8-16, major dia. %)
dy /Dy

0.375

0.0491803



misc.nb

Rt = 0.375 (* f£rom graph =)
If [dn/Ds < 0.03, Rt = .25, Rt =Rt |

twn = & (RE) (* Appx. 30 Fig. 30-1, remaining wall thicknessx)

0.375

¢.375

0.1875

dy = 0.250 (x UNF 1/4-20, major dia. =+)
dy /Dy

0.25

0.0327869

Rt = 0.256 (+ from graph =*)
I£f[{d,/D; < 0.03, Rt = .25, RE=Rt ]

tan = & (Rt) (» Appx. 30 Fig. 30-1, remaining wall thicknessx)

0.256

0.256

0.128 pS— oA *

(* Drilled / tapped holes in unstayed £lat head =x)

(* reinforcement required, replacement of area )

{(* 8-32 for mini conflats %)

tr = 1.26123 (% in., minimum required flange thickness +)
ta = 1.5 (% in., actual flange thickness )

dn =0.164 (* in., hole diameter x)

da = 0.312 (» in., depth of hole x)

Ar = dy x dg (* in.42, area reguired )

Aa = dp (ta -da) (*» in.42, area available =x)

If {Aa > Ar, "Reinforcement OK for mini-conflat blind holes",
"Reinforcement NOT OK for mini-conflat blind holes™ ]

1.26123 ’

Reinforcement OXK for mini-conflat blind holes



misc.nb

{#* Drilled / tapped holesa in unstayed flat head )

{* reinforcement required, replacement of area )

(* 8-32 for mounting brackets inside vessel =x)

tr = 1.26123 (% in., minimum required flange thickness )
ta = 1.5 {* in., actual flange thickness «)

Gp =0.164 (* in., hole diameter )

da = 0.25 (* in., depth of hole *)

Ar = dy x da (» in.*2, area required )

Aa = dy (ta -da) (» im.*2, area available x)

If [Aa > Ar, "Reinforcement OK for mounting bracket blind holes",
"Reinforcement NOT OK for mounting bracket blind holes' ]

1.26123

Reinforcement OK for mounting bracket blind holes

(* Drilled / tapped holes in unstayed flat head )

(* reinforcement required, replacement of area =+)

(x 1/4-~28 for medium conflat, center hole =)

tr = 1.26123 (+ in., minimum required flange thickness *)
ta = 1.5 (* in., actual flange thickness x)

dp =0.250 (% in., hole diameter x)

dg= 0.5 (* in., depth of hole )

Ar = dy x dg (* in.*2, area ragquired «)

Aa = 4 (ta -dy) (+ in.*2, area available =)

If [Aa > Ar, "Reinforcement OK for medium conflat blind holes",
"Reinforcement NOT OK for medium conflat blind holes" ]

1.26123

Reinforcement OK for medium conflat blind holes



misc.nb

(* Weld impact testing exemption calculation )

(» UHA-51 (g} »)

Sa = 16700

Sl = 3499.17

Sym =7754.6879

If [S1/Sa < 0.4, "Impact testing NOT required for weld",
"Impact testing REQUIRED required for weld"]

16700
3499.17
7754 .6879

Impact testing NOT required for weld

(+ Base material Impact testing exemption )
(* UHA-51 (d) (1) (a) austenitic chromium-nickel stainless gteels: 304, 304 L,
31ls, 316 L.



fracture_critical_mat'l.nb

{(* Fracture Critical Componenta x)

In{91j:= (% The applied stresas ias: =x)

R; = 3.8125
R, = 4.3125
MAWP = 978
Oy = 16700 (»allowable atress for 316L SSTx)
oy = 37000
R; = 3.8125
R, = 4.3125
E=Rs -Rj

. Ro
Ratio= —

Ry

If [1.1 < Ratic < 1.5, mediumwall]
If [Ratio < 1.1, thin wall]

If [Ratio > 1.5, thick wall]
(x*Circumferential Stress, S;*)

MAWP (Ro% +Ry?)
(Ro? - Rs?)

2 =

Qut{91}j= 3.8125
out{g2j= 4.3125
Out(93j= 978

out{94j= 18700
Qut{85f= 37000
Out(96]j= 3.8125

out (87]= 4.3125
Qut{98j= 0.5

out{89j= 1.131l5
out{100j= mediumwall

Out{103j= 7976.34

{* First consider actual gstress intensity factors from literature (testing). Then
apply this Kic = Ky value to the Xe vessgel at its MAWP/stress +)

(* Degraded Piping Program Phase II, 4/89 x)
{* Material 304 and 316 stainless steel, range: 561 to 13,400 in-lb/ins2,
di used is the lowest measurable value in all tests, parent or welded material )



fracture_critical_mat'lLnb

Inf[l4):=

outlid]l=

out{i5j=

Ji =561 (% in-1lb/in*2 x)

v=0.33 (+ Poisson' s ratio )

29.7 x 10° ]
By = i) {(* pai «x)
K1z = -\/J:i.xEy {(* psiVin %)
1 Krc \? .
#oprg = —— ( ] (* in., erack critical length, surface flaw =*)
l.217 \ &,
1 [(Ke\? .
Agri = — ( 3 ] {(* in., crack critical length, imbedded flaw +)
El 2

lengthe_ , = 4 Xages
lengthe , = 4 xa

{* conzidering leak before break criteria,
leak occurs coccurs before catastrophic failure in a pressure vessel when *)

"Leaking should occur before failure", "failure may occur before 1eaking"]

{(* LIFE Expectancy Cycles x)

a, = 0.125 (% in., initial flaw size *)
A =3.0x107"° (% Metal Fatigue in Engineering, 1980, John Wiley & Sons, pg 86 %)
n=3.25 (% Metal Fatigue in Engineering, 1980, John Wiley & Sons, pg 86 )

Ne = — : (2ees 55 = 2 (B5%))

2-n A (1'12 ;):)o \/;)tl

{(* Damage Tolerant Design Eandbook " V.2, 1983 =)

Ne = 2 t n (acri(z;_n) - ao(z;“})
2-n A (1'12 :.?ou \/;)

(+ Damage Tolerant Design Handbook " V .2, 1983 %)

861

0.33



fracture_critical_mat'l.nb

Out{i6]= 3.33296x 10’
Cut[I7]= 136740,
cut{181l= 77.3126
Cut{19}= 93.5482
Qut{20]= 309.25
Qutf21j= 374.193
Ooutf22]= 10115.1
outf23]= True
out[24]= Leaking should occur bhefore failure
outf25})= 0.125
outi26]= 3.x107%°
Out[27]= 3.25
Out[28]= 2.42577 x10°

out{28j= 2.43076x10°



fracture_critical_mat'l.nb

In{60]:=

outl60]=

Outf{6l]=

outfé2]=

(* For the ellipsoidal head x)

Dy = 7.625

t, = 0.5

Eg = 0.7 (xbutt weld efficiency based on no inspection, Table UW-12%)

MAWE (D; + 0.2 ty)

g =
(2 Ee tw)
Sx=0
1 K}:c 2 . )
Agry = ——— ( ) (# in., crack critical length, surface flaw )
1.20n \ 5,
1 /Kpey? .
Bory = — ( J (* in., crack critical length, imbedded flaw =*)
T 52

1engthccm = 4 Xageg

lengthe_ ., = 4 xagy

(* considering leak before break criteria,
leak occurs occurs before catastrophic failure in a pressure vesszel when *)

NP

1. L (82

2 Oy

(* Fracture and Fatigue Control in Structures,

Rolfe and Barsom, Prentice-Hall, 1977, pg. 394w%)

ts
Kye >= ————— (* Hoop streas applies, 5; *)

"Leaking should occur before failure", "failure may occur before 1ea.l:ing"]

(* LIFE Expectancy Cycles =)

8, = 0.125 (% in., initial flaw gize «)
A =3.0x10""" (x Metal Fatigue in Engineering, 1980, John Wiley & Sons, pg 86 *)
n=3.25 (% Metal Fatigue in Engineering, 1980, John Wiley & Sons, pg 86 =)

N = 2 L (acre! 55 = a0 (5))

2-n a(1.12 5 \/3?)“

1000

{(* Damage Tolerant Deaign Handhook " V.2, 1983 %)

2 i “n
Ne = (acri(:—:"‘)

2-n | a(1.12 . w/;)n

- ao{_?_))

(+ Damage Tolerant Degign Handbook " V.2, 1983 %)

7.625
0.5

0.7



fracture_critical_mat'lnb

out[63]=

outf64]=

Out{65]=

Out[66]=

Qutf67]=

Cutf68]=

Oukf68]=

out{70]=

Outf71]=

Outf72]=

Qut({73j=

Qut(74]=

outf{75]=

Qut{76]=

10792.9
10792.9
42.225¢
51.0934
168.904
204.373
13824.2
True
Leaking should occur before failure
0.125
3.x107%
3.25
900192,

902921.



fracture_critical_mat'l.nb

Inf104]:=

outflid}=

Out (105]=

Qut(106]=

Out(107]=

Qut(108]=

out{109]=

(* For the flat head )

¢ =5182.85 (+ fxom head 350 _K_openings2.nbx)

S =0
k3 Krc \2 .

Bopg T ————- ( ) (* in., crack critical length, surface flaw =)

1.21x 32

1 (K32

Ic . .

Aery = ( } {* in., crack critical length, imbedded flaw «)

Fis S2

lengthe_ = 4 Xace,
lengthe_; = 4 Xag

(#* considering leak before break criteria,
leak occurs occurs before catastrophic failure in a pressure vessel when *)

JTtSzg

- (&)

(*+ Fracture and Fatigue Control in Structures,

Rolfe and Barsom, Prentice-Hall, 1977, pg. 354%)

Kie >= — {* Hoop stress applies, S; =*)

"Leaking should occcur before failure", "failure may occcur before leaking"]

{* LIFE Expectancy Cycles x)

a8, = 0.125 (% in., initial flaw size «)
A =3.0x10*" (+ Metal Fatigue in Engineering, 1980, Jobhn Wiley & Sons, pg 86 «)
n=3.25 ( Metal Fatigue in Engineering, 1980, John Wiley & Sons, pg B6 =)

Ne = —2 1 (Bews (2] = o (5%))

2-n A (1'12 1‘3::0 ﬁ)n

(* Damage Tolerant Design Handbook " V.2, 1983 =)

Ne = 2 - (acri. 3%1) - ao(*;“))

2-n | 5 (1.22 & \/;)n

(* Damage Tolerant Design Handbook " V.2, 1983 %)

51B2.85
5182.85
183.113
221.567
T32.454

B86.269



fracture_critical_mat'l.nb

out{110]= 6527.84

Cut{ill}= True

Qut{112]= Leaking should occur before failure
Out({113]= 0.12%

out(114j= 3.x10710

out(1i5]= 3.25

Out({116]= 9.92359x10°

Out{117j= 9.93542x10°



fragment.nb

{* Fragment FEvaluation =)

(+ It is assumed that the most vulnerable point in thie vessel is the Ceramaseal high
voltage feedthroughs mounted to the mini-Conflats which are mounted to
the 350 MOFP head. These could easily ba bumped or damaged by mishandling
resulting in a fragment / projectile. The following will estimate the
shielding thickness regquired for personnel protection near the wvessel
head. Also assume all of the energy is transferred to a single fragment. )

Inf22]:= mgg =37.7 (» g; actual measurment =)

Mgy = Mgy * 6.852x10°% (& lb.g+2/ft; slugs *)
2 Energy
ves | ———— (% Et/B *)
Mgy

outf2zj= 37.7
out{23}= (¢.0025832

Gut{24]= &575.9

Inf21]:= {% Check zero mass velocity. Fragemnt can travel no faster than the shock
wave that is driving it. =*)



fragment.nb

1
Pratio = — (*  +)
Tatio P2

g = 32.2 (x £E£/8%2 *)

T= 528 (x °R %)

k=1.4

R = 53.3 (# ££-1b/1b-°R x)

Ve =ax2.55 (x ft/g Figure 12 Zerc Mass velocity *)
0.785398

Veiz = Ve Cos[-—m;m] (*+ MEDSS egn. 38 #)

VEln = VE1X0.3048 (% m/8 *)
Vime = Vee X 0.3048 (« m/2 %)}

2 Energy
m = ——— 32.2 {(+ lbn; largest fragment that can achieve this velocity =}
Ver

Out{94}= 66.5308
Out[85}= 32.2
Qut(96}= 528
out[97j= 1.4
oue{98l= 53.3
Our[99)= 1126.35
Out{100]= 2872.19
Outl10ij= 2653.55
Out[102]= 875.443
cutf[I03)= B08.B04

Out{i04]= 0.436013

(* The Ceramasgeal feedthrough mass is <
m; 8o it can only achive this maximum velogity.

Fragment shielding evaluatiocn...... ®)



fragment.nb

¢.33

e,
In{105]:= Wy = 6x1075 (10:0) Vein (% UK formula )

Th = Tx1i2x3.28084 (x in )

(* Thor formula: Lexan )

a=1.814
B=-1.652
cy =7.329
x 0.5
Ap = —————
4
ES
1 Vel i
Tin— ——

Re | 10% (7000 2"

Oout{105]= 0.0178062
Qutfloel= 0.701032
Oout{107]= 1.814
outfi108j= ~1.652
outfivngj= 7.329
outflio}= 0.19635

outflill= 2.36231

(+ After ricochet the shielding thickness needs to be:x)



fragment.nb

0.33
Vemz (* m; UK formula »*)

Ta

sx1a‘5( Dt )

1000
Ton= TpXx12x3.28084 (% in %)

(+ Thor formula: Lexan %)

x=1,814
B=-1.652
cp = 7.329
wo.5
Af = ———-
£
ES
ez ¢
Tin = —

Ar | 10% (7000 ;2"

out{i1l2j= 0.0164508
Oout{113]= 0.647669
out(1i4j= 1.814
Out{1i5]= -1,652
Qutille]l= 7.329
Outf1i7}= 0.19635

out{lig}= 2.26142
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Description of the System:

This safety note covers the gas delivery system and the gas reclamation cylinders used in
a full volume gamma ray imager located in Building 132S, Room 2723. There are three
parts to the imager. The first part is the gas delivery system built commercially by Insync
Systems. It is used to purify and deliver electronegative free (99.9999999%) gas at an
MOP of 135 psig. The second part of the system consists of two time projection
chambers (TPC) where the experiments will be performed. The TPCs will nominally
operate at 300psig but one has been designed for 400 and the other for 980 psig MAWP.
They are covered by a separate safety note titled Time Projection Chamber, MESN99-
020-0A.. The third part of the system uses cryogenic reclamation cylinders to reclaim the
purified gas. These cylinders have been fabricated by Acme Cryogenics and are rated by
Acme to 2200 psig MAWP. The system layout is seen in Fig. 1. Gas will be transferred
in the system by thermal cycles, using LN2 to create the temperature gradient via
conduction through the walls of the reclamation cylinders. A certain percentage of alcohol
may be used in the LN2 bath to raise the temperature of the bath above 77K. The
asphyxiation hazard associated with the evaporation of LN2 and alcohol is dealt with in
OSP 1328.31.

Note that there are four MAWPs in this system. They are MAWPO for the input to the
Supply Panel, MAWP1 for the Gas Delivery portion, MAWP2 for TPCs and MAWP3
for the Gas Reclamation portion.

The Gas Delivery System purifies research grade gas to an ultraclean gas that is free of
electronegative materials. It consists of a Control Panel plus 4 secondary panels and
connecting plumbing . A schematic is shown in Fig. 2. All of the process valves on the
secondary panels are all metal, bellows sealed valves actuated with 50 psig house air with
manual switches controlling the air. The switches are on the Control Panel. The secondary
panels are designated as: Supply, Fig. 3, Purification, Fig. 4, Chamber, Fig. 5 and
Reclamation, Fig. 6.

The Supply Panel has connections for three gas cylinders of research grade (99.999%)
~gas. The gas cylinders will contain Ar, Xe and CO2. (There may be interest in using
combustible gases in later stages of this research. A revision of this note would be written
to cover such work.) The pressure output of the cylinders is limited by a regulator to 135
psig MOP and protected by a 157 psig rupture disc. It is connected to the Purification -
and Reclamation panels as shown in Fig.2.

The Purification Panel includes a room temperature getter (Oxisorb Model S511-HV)
followed by a hot getter (SAES Phase 1 MonoTorr). The Oxisorb and the MonoTorr



both have a manufacturer’s MOP of 150 psig. The material in the getters can be returned
to the manufacturer, after being saturated, for regeneration or disposal. There

is a mass flow controller and a 157 psig rupture disk following the MonoTorr. The
output of the Purification Panel flows to 3 places: 1) the Chamber Panel which leads to
the TPC’s, 2) the recirculation pump (which is currently replaced by a jumper) and 3) the
Reclamation Panel, again as shown in Fig. 2.

The Chamber Panel provides gas flow to the TPCs, the turbomolecular pump (TMP) and
system vent. The gas flow/pressure from the chamber into the rest of the system is
restricted operationally by pressure regulators at the outlet of the chambers. Intermediate
pressure gas is prevented from pressuring the purification panel above the MOP of 135
psig by both purification system operating procedures and a 157 psig rupture disk.

The rupture disc reliability is closely regulated by the manufacturer to the requirement
that 2 discs from the involved lot rupture at the lot pressure plus or minus 5%. The lot
pressure is the average of the two test disc rupture pressures and it must fall into the
manufacturing range of -4 / +7 % of the pressure that is ordered by the customer. The lot
pressure is stamped on a tag attached to the disc body. It is 157 psig. This means that
MAWP1 could be as high as 168 psig for the low pressure portion of the the system. We
designate MAWP1 at the lot pressure of 157 psig.

Overpressuring the TPCs will be prevented in final operations by: 1- monitoring and
controlling gas flow into the chamber with the Mass Flow Controller, 2- using a load cell
with 50 gm resolution interlocked to the valve allowing flow into the chamber, 3- having
402 psig rupture disks on the chambers. In preliminary operations the mass flow
controller will be used under 2-man operator control to limit the amounts of Xe to 840 gm
and Ar to 250 gm as measured by a Data Instruments load cell with a resolution of 200
gm. This would limit the TPC pressure to <3/8 the MAWP2 or ~150 psig as shown in
Tables 1 and 2 respectively. The operators will have pressure readings on the TPCs to
confirm the control and can revert to LN2 cooling and venting to limit the pressure. There
is inherent safety in gas transfer from a TPC to a reclamation cylinder in that the volume
ratio, TPC to RC, is ~3 but the MAWP ratio is 400/2200 or ~1/5.

The Reclamation Panel allows for gas to be transferred into or out of the reclamation
cylinders. These cylinders attach to the reclamation panel with a VCR fitting (for
cleanliness) immediately followed by a rupture disc set at 2230 psig and a pressure
transducer. They each have a volume of 5.36 liter. Gas is drawn into a reclamation
cylinder by dipping it in a surrounding cryogenic bath of LN2 or LN2/alcohol mix. In
preliminary operations the mass of Xe in a reclamation cylinder will be limited by 2-man
operator control to 8 kg and Ar in a separate cylinder to 650 gm as measured by a Data
Instruments load cell with a resolution of 200 gm. This will limit the pressure to <1/2 of
MAWP3 or ~1000 psig as shown in Tables 1 and 2 respectively. The associated pressure
transducer reading will confirm the 2-man operator control. Above these masses the -



cylinder will be weighed with a load cell from Data Instruments to measure the amount of
gas in the cylinder. As above, in final configuration the load cell will be interlocked to the

inlet flow valve,

The characteristics of the gases of interest are given in the following table:

Table 1. Process Gas Characteristics

Gas Mol.Wt. | Melting | Boiling Critical | Critical | Critical
grams Point °C | Point °C | Temp Pressure | Density
°C psia g/ml
Ar 39.95 -189.4 -185.9 -122.4 | 705.4 0.531
Xe 131.1 -111.9 -108.1 16.6 846.7 1.155
CO, 44.01 -56.6 -78.4* 16.6 1070.6 | 0.460

* Sublimation Temperature

Tables 2 and 3 respectively show that <10.6 kg of Xe and <1.3 kg of Ar will limit the
cylinder pressures to less than the 2200psig MAWP3. The reclamation cylinders
themselves weigh about 75 Ibs. The present load cells have a 300 Ib capacity, a 0.5 Ib
resolution and a tare weight removal feature on the readout.



Table 2. Pressure vs Mass of Argon in a Reclamation Cylinder or a TPC

reclaim cyl (liters)= 5.4
T=294K Reclaim TPC
p(atm) p(psi) moles/liter|]V Ar@1atd mass(kg) |V Ar@1atn mass(kg)
1 14.7 0.0 5.4 0.01 15.04 0.02
1.5 22.05 0.1 8.1 0.01 22.57 0.04
2 29.4 0.1 10.8 0.02 30.10 0.05
3 44 .1 0.1 16.2 0.03 45.34 0.08
4 58.8 0.2 21.5 0.04 60.28 0.10
5 73.5 0.2 26.9 0.04 75.40 0.12
6 88.2 - 0.2 32.4 0.05 90.55 0.15
7 102.9 0.3 37.8 0.06 105.71 0.18
8 117.6 0.3 43.2 0.07 120.89 0.20
9 132.3 0.4 48.6 0.08 136.09 0.23
10 147 0.4 54.1 0.09 151.31 0.25
15 220.5 0.6 81.4 0.13 227.70 0.38
20 294 0.8 108.8 0.18 304.56 0.50
25 367.5 1.1 136.5 0.23 381.89 0.63
30 441 1.3 164.3 0.27] 459.66 0.76
35 514.5 1.5 192.2 0.32 537.87 0.89
40 588 1.7 220.3 0.37] 616.50 1.02
45 661.5 1.9 248.5 0.41 695.52 1.15
50 735 2.1 276.9 0.46 774.91 1.28
60 882 2.6 334.0 0.55 934.73 1.55
70 1029 3.0 391.6 0.65| 1095.77 1.82
80 1176 3.5 449.5 0.74] 1257.79 2.08
90 1323 3.9 507.6 0.84| 1420.57 2.35] -
100 1470 4.4 566.0 0.94]| 1583.82 2.62
120 1764 5.3 682.7 1.13] 1910.65 3.17
140 2058 6.2 799.0 1.32] 2235.95 3.71
160 2352 7.1 913.8 1.561] 2557.34 4.24
180 2646 7.9] 1026.5 1.70] 2872.59 4.76
200 2940 8.8] 1136.2 1.88} 3179.75 5.27
220 3234 9.6] 12425 2.06] 3477.20 5.76
240 3528 10.4] 1344.9 2.23] 3763.74 6.24
260 3822 111 1443.1 2.39] 4038.63 6.69
280 4116 11.9] 1537.0 2.55] 4301.43 7.13
300 - 4410 12.6 1626.6 2.70] 4551.99 7.54

from Thermodynamic Properties od Argon from the Triple Point to 300 K At

Pressures to 1000 Atmospheres

QD 162 G1 1969B A.L.Gosman|




Table3. Pressure vs Mass of Xenon in a Reclamation Cylinder or a TPC

reclaim cyl (liters)= 5.36 | |
T=295K Reclaim (Liters) TPC (Liters)

m”3/kg p(atm) p(psi) moles/liter| V. Xe@1at{ mass(kg) V Xe@1at{ mass(kg)
185.80 1.0 14.5 0.0 5.3 0.03 14.91 0.08
36.33 4.9 72.4 0.2 27.3 0.15 76.27 0.41
17.63 9.9 144.9 0.4 56.2 0.30 1567.17 0.85
11.38 14.8 217.3 0.7 87.0 0.47 243.50 1.31
8.24 19.7 289.8 0.9 120.2 0.65 336.36 1.81
6.34 24.7 362.2 1.2 156.1 0.84 436.92 2.35
5.07 29.6 434.7 1.5 195.5 1.05 547.08 2.94
4.14 34.5 507.1 1.8 239.3 1.29 669.64 3.60
3.43 39.5 579.6 2.2 289.0 1.56 808.81 4.35
2.85 44.4 652.0 2.7 347.1 1.87 971.25 5.23
2.37 49.3 724.5 3.2 418.1 2.25 1170.17 6.30
1.93 54.3 796.9 3.9 512.2 2.76 1433.51 7.72
1.50 59.2 869.4 5.1 662.3 3.56 1853.49 9.98
0.86 64.2 941.8 8.8 1147.7 6.18 3211.98 17.29
0.67 69.1 1014.3 11.4 1483.2 7.98 4150.65 22.34
0.62 "74.0 1086.7 12.3 1594.5 8.58 4462.12 24.02
0.60 79.0 11569.2 12.8 1664.1 8.96 4657.10 25.07
0.58 83.9 1231.6 13.2 1715.5 9.23 4800.72 25.84
0.56 88.8 1304.1 13.5 1756.9 9.46 4916.56 26.46
0.55 93.8 1376.5 13.8 1791.5 9.64 5013.52 26.98
0.54 98.7 1449.0 14.0 1821.5 9.80 5097.45 27.44
0.53| - 108.6 1593.9 14.4 1871.8 10.07 5238.14 28.19
0.52 118.4 1738.8 14.7 1913.0 10.30 5353.50 28.81
0.51 128.3 1883.7 15.0 1949.1 10.49 5454.67 29.36
0.50 138.2 2028.6 15.2 1980.3 10.66 5541.95 29.83
0.49 148.0 2173.5 15.5 2008.8 10.81 5621.78 30.26
0.49 157.9 2318.4 156.7 2034.9 10.95 5694.56 30.65
0.48 167.8 2463.3 15.8 2058.5 11.08 5760.86 31.01
0.48 177.6 2608.2 16.0 2081.0 11.20 5823.82 31.34
0.47 187.5 2753.1 16.2 2100.5 11.31 5878.18 31.64
0.47 197.4 2897.9 16.3 2119.8 11.41 5932.29 31.93
0.46 2171 3187.7 16.6 2153.9 11.59 6027.79 32.44
0.45 236.9 3477.5 16.8 2185.8 11.76 6116.94 32.92

7.19 79.0 1159.2 3.5 452.6 0.75]<- Ar for comparison

Once the gas has been condensed in the bottom of the reclamation cylinders, pressure is
built in the reclamation cylinders by removing the cryogenic bath. Gas is introduced into
the low pressure loop of the system through a regulator as shown in Fig. 2. The pressure
of the gas is monitored with a pressure transducer and is physically limited by a 157 psig
rupture disk. Normal gas flow is into the Gas Purification System from the reclamation

cylinders.

InSync Systems certifies the tubing, fittings and weldments as shown in Appendices D-
G. Copies of all Insync certification documents are attached in AppendixD.




Hazards:

The LLNL safety guidance is to calculate the isentropic energy release associated with
the expansion of the contained gas from MAWP3 to the local atmospheric pressure. The
pertinent equation is

E=kRT/ (k-1) ((p/pexp((k-1)/k)-1), ftlb/lb
Using values as follows

k = 1.67 for Ar and Xe, 1.3 for CO2, T = 530R, p;= 2244.3 psia, p,= 14.3
psia, R=1545/MW ft1b/1b F, MW for Ar= 39.9, for Xe = 131.3, for
CO2 = 44, storage masses for Ar and Xe from Tables 1 and 2 and for CO2
from 5.36 liter and perfect gas density

gives the greatest total delta energy for Xe of 3.26E5 ft Ib / cylinder equivalent to 97.8 gm
of TNT. The total is over the 7.5E4 ft Ib level prescribed as the lower limit for requiring a
safety note for manned area equipment. A lower total delta energy value results for CO2
because its three atom molecule lowers k from 1.67 to 1.30 and for Ar because of its
greater departure from a perfect gas. ‘

The operational pressure hazards are tempered by the use of rupture discs to limit the
service pressures to the MAWPs. These discs are closely controlled by their
manufacturers as discussed earlier.

Two-man operator judgment is required to limit the fill gas weights in initial runs to give
pressures of ~ half MAWP3. There will be interlocks on the TPC and reclamation
cylinder fill levels to prevent over charging before going on to higher fill weights and
pressures.

There is a slight potential for asphyxiation associated with the free evaporation of LN2

and for excessive noise associated with valve venting. These hazards are discussed in OSP
1328.31. ‘

Pressure Safety Assessment:

Acme designed the reclamation cylinders in accordance with ASME Boiler and Pressure -
Vessel Code, Section 8, Division 1, 1998. These calculations are shown in Appendix B.
They did not Code stamp the vessels for reasons that are not clear at this juncture. The
fabrication drawing is shown in Appendix C. As shown the cylindrical portion is 4-in.
Schedule 160 pipe with an OD of 4.50 in. and an ID of 3.44 in. The heads are 4-in
Schedule 160 welding pipe caps with the same inner and outer diameter as the pipe as



shown also in Appendix C. The welds are full penetration with a standard 37.5 degree
bevel on each part. The cylinder material is Type 316L stainless steel.

The minimum thickness of the wall of the vessel nozzle is 0.035 in. as shown in
Appendix C. The ID of the nozzle is 0.180 so that the nominal stress at MAWP3 is pr/t=
2200%*0.090/.035= 5700 psi.

Thick wall pressure vessel calculations for the main body in accordance with Timoshenko
(2) show a von Mises stress (Timoshenko (3)) of 5.7 ksi which gives a factor of safety of
32 on the 316L steel at ~70K and 17 (Aerospace Materials ...(4)) at room temperature.
All welding at Acme was done by ASME Code certified welders. Acme tested all four
cylinders at 3300 psig.

InSync Systems fabricated all of the panel plumbing in their shop under SEMI
(Semiconductor Equipment and Materials International) rules. All pressure boundaries are
Type 316 stainless. All welding is automatic Orbital. Fabrication conditions are clean to
meet the SEMI standards. Table 4 and Appendix D show the properties of the
components in the InSync assemblies. The pressure ratings for the components are seen
to be a minimum of 200 psig for the low pressure system, 1000 psig for the 980 psig
system and 2200 psig for the 2200 psig system. SEMI standards do not require a
pressure check of plumbing in order to maintain the cleanliness of the internal surfaces.
InSync did a vacuum leak test of the plumbing in each panel with the satisfactory results
shown in Appendix E. InSync did the panel connecting plumbing at Livermore. The table
shows the tubing and fittings to be well above the 157 psig MAWPI.

This note provides for (1) pressure proof testing at 1.27 X MAWP1 of all of the
branches which are rated at an MAWP1 of 157 psig, (2) leak testing at 0.5 X MAWP2 of
the TPC circuit and (3) pressure proof testing of the high pressure portion of the
Reclamation Panel and Cylinder circuits at 0.85 X MAWP3. The 157 psig branches test
pressure level is limited by the 200 psig limit of the Supply Panel regulator output
pressure gages. The TPC circuit test pressure is limited for operational convenience
noting that the chambers have been tested to 1.5 X MAWP2 separately and that the
valves and hoses are rated well above MAWP2. The Reclamation Panel and Cylinder test
pressure level is limited by the need to preserve the high pressure rupture discs. Here it is
noted that the chambers have been pressure tested separately to 1.5 X MAWP3 plus the
valves and Swagelok flex tubing are rated well above MAWP3.



Table 4. Component Pressure Ratings

Component Pressure Rating | Remarks

Valves, Supply and Reclaim Panel 3500 psig Nupro SS-HBVCR4-P-C
Valves, Chamber Panel 1000 psig Nupro SS-8BG-VCR-3C
Valves, Chamber discharge 1000 psig Nupro SS-8BG-VCR-3C
Reclamation Cylinders 2200 psig Acme Cryogenics
Pressure regulators, S.& R.Panels 3500 psig Tescom 64-2663KRA10
Pressure regulators, Chmbr Disch 3500 psig Tescom 64-2663KRH19

Rupture disc, low pressure

157 psig,+-5%

Zook 306546

Rupture disc, high pressure

2230 psig,+/-5%

Zook 306953

Pressure transducer, low pressure 5000 psig Bendix C2143000C-834655
Pressure transducer, high pressure 10000 psig Bendix C214250C-834655
Pressure gage, low pressure 200 psig Tescom 4802-0200M
Pressure gage, high pressure 3000 psig Tescom 4802-3000M
Oxygen getter 150 psig Oxisorb S511-HV

SAES Getter 150 psig Monotorr Phase 1

Mass flow controller 1500 psig Brooks 5964C4AMAP35KA
VCR plugs, 1/4 in. 5100 psig ‘Cajon SS-4-VCR-P

VCR caps, 1/4 in. 5100 psig Cajon SS-4-VCR-CP

VCR caps, 1/2 in. 5100 psig Cajon SS-8-VCR-CP

VCR gaskets, 1/4 in., unplated, nickel NA Cajon NI-4-VCR-2-GR-VS
Welding fittings 5100 psig Swagelok Microfit

Tubing, 1/4 in. 4140 MSWP 316L, ASTM A269
Tubing, 3/8 in. 2770 MSWP 316L, ASTM A269
Tubing, 1/2 in. 2910 MSWP 316L, ASTM A269

Pressure Testing Preparation

The purpose of the pressure testing is to demonstrate that the overall system is leak tight
as assembled and that all panel and interconnect plumbing is pressure safe. The low
pressure rupture disc bodies are massive and difficult to open without jeopardizing the
integrity of the panel plumbing and the discs themselves so that a buffer array as shown
in Fig. 7 will be used to remove any pressure difference on the discs during pressure

testing.

Prior to testing it is necessary it is necessary to carry out the following procedures. Please
refer to Figs. 2 and 7 for component identification.
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First introduction of gas into the system:

The gas should be introduced into the system in stages. The gas handling system is under
a slight pressure, a few psi, from when the system was assembled at InSync.

L.

The Dirty Gas Bottle should be installed and attached to the supply gas panel with a
regulator and CGA flex tube connector |

Perform a cycle purge on the section of tubing where the bottle was connected. Use
the Ar cylinder as a purge gas.

b) Hook up Ar cylinder with a regulator and CGA hose

c) Open Valve 11

d) Crack Ar Cyl and regulator

e) Cycle Valve 11 a few times ending with Valve 11 open

f) Close then Crack Ar cyl a few times

g) Allow Ar to flow for a few minutes

h) With Ar bleeding off, close Valve 11

i) Open Ar Cylinder completely

j) Make sure Regulator is closed

k) Open Valve 10

The other dirty supply lines should be purged in a similar manner. This will require
opening the valves corresponding to V11 which are V21 and V31, closing them as above
and opening the V10 equivalents, V20 and V30. When the Ar purge is complete, purge for
a few seconds with the gas that is going to be used in the system on that line to clean out
any Ar. :

3.

4,

7.

Proceed to introduce the gas into the rest of the system opening only one valve at a
time until you reach the Mass Flow Controller.

Make sure the Mass Flow Controller is in the closed position before gas is introduced
on the inlet side of the controller. Once gas pressure is built on the inlet side of the
Mass Flow Controller, crack the controller open and allow a little gas to flow through,
then open the controller slowly until it is full open.

Flow gas through the remainder of the system making sure to go thru both the
chamber section of tubing and the reclaim sections.

Gas should be collected in the reclaim cylinders starting with Reclaim 4 and working
back to Reclaim 1. Cryo (LN2) will have to be used to collect the gas in the reclaim
cylinders. v

If necessary, gas can be vented through Valve 95.

Adding a new cylinder of Dirty Gas (at least Research Grade):

1.

2.
3.

Ensure all valves (V10-V11-V12, V20-V21-V22, V30-V31-V32) are closed near the '
cylinder, including the main valve on the cylinder.

Remove the old cylinder.

Place the new cylinder in the rack and attach the CGA fitting leading to the Gas
Handling system.
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4. Cycle purge the lines with the following prescription that shows Xe as an example.
There should be a bottle of Ar on the system. If you are replacing the Ar cylinder,
use the new cylinder of Ar for the cycle purge.

d) Hook up Xe cylinder with a check valve in the discharge line to prevent inflow

e) Open Valve 22 (Ar for Cycle Purge)

f) Ar Cyl should be open. If not, follow cycle purge above to ensure that opening
the Ar cyl does not introduce dirt into the system.

g) Open Valve 22 to introduce gas into the purge line

h) Open Valve 11

i) Open Valve 12

j) Allow Ar to flow and blow the line out

k) Close Valve 11

) Close Valve 12

m) Close Ar Cyl Valve

n) Cycle Valve 21

0) Close Valve 22

p) Open Valve 11

q) Crack Xe Cyl open

r) Close Valve 11

s) Work Xe Cyl valve open and closed to get dirt out ending in Closed position

t) Cycle Valve 11 ending in closed position

u) Open Xe Cyl Valve '

v) Make sure Regulator is Closed

w) Open valve 10

x) Now use the regulator to introduce gas into the system

Pressure Testing

The following testing is to be carried out by a Pressure Inspector, a Pressure Installer,
a mechanical engineer and the chief experimenter .

Clear the area and put up the signs and barricades.
1. Overall system low pressure test.

Having swept the plumbing in accordance with the previous procedure connect a research
grade gas bottle to the Ar supply connection with a regulator and CGA flex hose.

Check that a rupture disc buffer array has been installed which connects the supply panel
vent line to the four 157 psig rupture disc discharge connections as shown in Fig. 7.
Check that the source bottle supply and regulator valves are closed.

Check that all valve positions on the control boards show closed.
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Check that the four reclamation cylinders are connected to their respective pigtails as

shown on the Insync schematic (Fig. 2).
Check that TPC1 is connected between V91 and V96 and that jumpers are connected
between V93 and V97 and between V88 and V98.

Check that 3 supply, 2 TPC and 4 reclaim regulators are closed (adjusting handle fully

CCW).

Open the source bottle stop valve and set the regulator to 200 psig.

Verify that PT1 and PT2 read zero psig.

Reduce the source pressure to ~20 psig.

Open all valves one at a time except V83, V86 and V95.

This involves a total of 43 numbered valves as follows,
V10, V11, V12, V13,V20, V21, V22, V23, V30, V31, V32, V33, V40, V41, V42,
V43, V50, V51, V52, V53, V60, V61, V62, V63, V70, V71, V72, V80, V81, V82,
V84, V85, V87, V88, V89, V90, V91, V92, V93, V94, V96, V97, V98,

plus 3 Supply Panel, 4 Reclaim Panel and 2 TPC pressure regulators for an overall total

of 52 items.

Raise the source pressure to 50 psig, verify that PT1 and PT2 read 50 psig.

Shut off the source pressure and show that PT1 and PT2 hold 50 psig for 5 minutes.

If there is a leak, leak hunt with an audio leak detector, repair the leak and retest.

Repeat this pressurize, shut off , hold procedure at 100, and 150 psig.

Raise the source pressure to 200 psig, verify that PT1 and PT2 read 200 psig.

Shut off the source pressure and show that PT1 and PT2 hold >195 psig for a period of

one hour. ’

If the pressure falls below 195 psig, shut off the source pressure and vent the system by

simultaneously cracking V-Test 1 and V-Test 2 and adjusting them for a pressure drop

rate of ~15 psi/ min with the pressure at V-Test 1 kept ~5 to10 psig below that at V-

Test 2, repair the leak and return directly to the 200 psig test level for verification.

When the 200 psig test results are satisfactory vent the system in the same way.

Close the 43 numbered valves and the 9 pressure regulators.

Remove the buffer array.

2. Supply Panel Input High Pressure Test

Since the Supply Panel input manifold will be pressurized directly to a bottle pressure
MOP of up to 2000 psig in normal operation and since it is not pressure relieved it is
necessary to test it to 3300 psig to provide for a MAWPO of 2200 psig following the 200
psig testing.

Connect a regulated high pressure clean gas source to a Source Panel input station.
Verify that the other two input stations are closed.

Open valves V10, V12, V20, V22, V30 and V32.

Raise the source pressure to 1100 psig and note that the Supply Panel regulator input
pressure gages all read 1100 psig.
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Shut off the source pressure and show that the input pressure gages hold 1100 psig for 5
minutes.

If there is a leak, leak hunt with an audio leak detector, repair the leak and retest.

Raise the source pressure to 2200 psig

Shut off the source pressure and show that the input pressure gages hold 2200 psig for 5
minutes.

If there is a leak, leak hunt with an audio leak detector, repair the leak and retest.

Raise the source pressure to 3300 psig. ,

Shut off the source pressure and show that the pressure gages hold >3300 psig for 30
minutes.

Repeat the leak hunt, repair, retest procedure as necessary.

When the 3900 psig test results are satisfactory vent the system by opening V31.

Close V10, V12, V20, V22, V30, V31 and V32.

3. Reclamation Panel High Pressure Test

There is need to check the integrity of the high pressure portion of the Reclamation Panel.
The cylinders have been tested to 3300 psig as required for an MAWP3 of 2200 psig.
The flex hoses which connect the four cylinders to the panel are rated at 3100 psig. The
tubing, pressure transducers and pressure regulators are rated higher than the 3300 psig as
is seen in Table 4. The burst discs will fail at MAWP3 within their tolerance band.

Verify that all valves and pressure regulators on the Reclamation Panel are closed.

Fill Reclaim 1 thru the MFC with enough Ar to give 1800 psig plus 0, minus 200 psig
when liquefied and equilibrated to room temperature.

The fill sequence is to supply the gas from the Ar Supply connection on the Source
Panel, thru the getters and MFC, thru V94, V89, V63, V53, V43, V41, V40 to Reclaim 1.
Close V41 and show that the initial pressure is held within 30 psig over a 30 minute
period.

If there is a leak, vent the cylinder at <140 psig thru the V42, V43, V53, V63, V89, V97,
V93, V95 path, repair it and retest.

Transfer the gas thru the Reclaim 1 regulator at <140 psig and V42, V43, V51, V50 to
Reclaim 2 and repeat the 1800 psig nominal pressure test as above, make up for any
residue in Reclaim 1 using the initial fill sequence shown above except replace V43, V41,
V40 with V51, V50.

Close V51 and show that the initial pressure is held within 30 psig over a 30 minute
period.

If there is a leak, vent as above from Reclaim 2 and retest.

Transfer the gas thru the Reclaim 2 regulator at <140 psig and V52, V53, V61, V60 to
Reclaim 3 and repeat the 1800 psig nominal pressure test as above, make up for any
residue in Reclaim 2 using the initial fill sequence shown above.

Close V61 and show that the initial pressure is held within 30 psig over a 30 minute
period.
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If there is a leak, vent as above from Reclaim 3 and retest.

Transfer the gas thru the Reclaim 3 regulator at <140 psig and V62, V63, V71, V70 to
Reclaim 4 and repeat the 1800 psig nominal pressure test as above, make up for any
residue in Reclaim 3 using the initial fill sequence shown above except replace V63, V53,
V43, V41, V40 with V71, V70.

Close V71 and show that the initial pressure is held within 30 psig over a 30 minute
period.

If there is a leak, vent as above from Reclaim4 and retest.

If not, vent as above from Reclaim 4.

This concludes the testing._

Close all valves.

Leave the Ar bottle in place.

Remove the signs and barricades.

Labeling

Attach a standard LLNL pressure test label to the Gas Supply Valve Control Panel as
follows,

ASSY Gamma Ray Imager
SAFETY NOTE MESN99-038-0A
MAWP Varies, see labels

FLUID Ar, Xe, CO2

TEMP varies, see labels

REMARKS Restricted use
TEST NO. (Supplied by tester)
BY . DATE

Attach standard LLNL pressure test labels to each of the four reclamation cylinders and to
each of the four valve panels as follows,

ASSY Reclamation Cylinder No. 1, 2, 3, 4
SAFETY NOTE MESN99-038-0A
MAWP3 2200 psig |

FLUID Ar, Xe, CO2

TEMP 77Kto50C
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REMARKS Restricted use
TEST NO. (Supplied by tester)
BY DATE

ASSY Gas Supply Panel Input, PN 10E0804-01
SAFETY NOTE MESN99-038-0A

MAWPO 2200 psig

FLUID Ar, Xe, CO2

TEMP 10 Cto 50C

REMARKS Restricted use
TEST NO. (Supplied by tester)
BY DATE

ASSY Gas Supply Panel Output, PN 10E0804-01
SAFETY NOTE MESN99-038-0A

MAWP1 150 psig

FLUID Ar, Xe, CO2

TEMP 10 Cto 50C

REMARKS Restricted use
TEST NO. (Supplied by tester)
BY | DATE

- ASSY Gas Réciamation Panel Input, PN 10E0804-02
SAFETY NOTE MESN99-038-0A

MAWP1 150 psig

FLUID Ar, Xe, CO2

TEMP 10 Cto 50C

REMARKS Restricted use

TEST NO. (Supplied by tester)
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BY DATE

ASSY Gas Processing Panel, PN 10E0804-03
SAFETY NOTE MESN99-038-0A

MAWP1 150 psig

FLUID Ar, Xe, CO2

TEMP 10Cto 50 C

REMARKS Restricted use
TEST NO. (Supplied by tester)
BY DATE

ASSY Detector Chambers Fill Panel, PN 10E0804-04
SAFETY NOTE MESN99-038-0A

MAWP1 150 psig

FLUID Ar, Xe, CO2

TEMP -20C to 50 C

REMARKS Restricted use
TEST NO. (Supplied by tester)
BY DATE

Associated Procedures

1. OSP 13258.31

References

1. Chapter 32 - Pressure, Supplements 32.03 - Pressure Vessel and System Design
and 32.05 - Pressure Testing, LLNL Health & Safety Manual

2. S. Timoshenko, Strength of Materials, Part 2, D. Van Nostrand, 1941, 239
3. S. Timoshenko, Strength of Materials, Part 2, Krieger, 1976, 454
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ITEM NO. __ ol 25~ 19633 DESCRIPTION _£|vi
SHOP ORDER NO. ____MOS R5G0 SERIAL NO. %23, KYX/ k525, |8Y7%
PRESSURE TEST
TYPE TEST: PNEUMATIC __ ([ HYDROSTATIC __——  CIRCUIT: -
PROOF TESTED AT FULL TEST PRESSURE OF _ 3300 PSIG WITH _ AR
~ AND HELD FOR_JO MINUTES/_~— HOURS; PRESSURE THEN REDUCED TO ___ PSIG

FOR EXAMINATION FOR LEAKS.
SAFETY RELIEF VALVE SET AT WMJA _ PSIG; PRESE
TEST PROCEDURENO, __ —— TESTED BY

FINAL INSPECTION
ALL PROCESS & INSTRUMENT LINES STRAIGHT, LEVEL & PLUMB

ALL REQUIRED COMPONENTS INSTALLED, IN PROPER LOCATION, AND
FLOW DIRECTIONS IS CORRECT

ALL WELDS MEET QUALITY STDS. OF Q-113

ALL BRAZED JOINTS-EVIDENCE OF COMPLETE BOND AROUND ENTIRE JOINT
(360+)

PAINTED SURFACES SMOOTH & UNIFORM, FULL COVERAGE, NO RUNS OR
SAGS, TOUCHED-UP WHERE REQUIRED

ALL REQUIRED TAGS & NAMEPLATES IN PLACE & CORRECT PER DRAWING
FUNCTIONAL TEST PERFORMED

PREPARATION FOR SHIPMENT

ALL OPEN PORTS CLOSED/SEALED TO PREVENT CONTAMINATION _
ALL TEMPORARY & FLO-PEN MARKINGS HAVE BEEN REMOVED o

ALL GROSS STAINS & DISCOLORATION REMOVED FROM PIPING & FRAMES -
EQUIPMENT CLEANED FOR SHIPMENT (WIPED DOWN) ' :

SYSTEM PRESSURIZED TO PSIG FOR SHIPMENT (SHOW EXACT PRESSURE, TEM P..A
DATE & TECHNICIAN'S INITTALS ON TAG ATTACHED TO EQUIPMENT). j)/

THIS EQUIPMENT MEETS ALL ABOVE REQUIREMENTS Aﬁ D IS APPROVED FOR SHIPMENT

£ P /i i

QUALITY CONTROL TECHNICIAN © ~0 DATE

SWITCHSETAT___ NJA
TEST DATE 3/%/97

" t—
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TABLE 1A
SECTION |; SECTION i, CLASS 2 AND $;* AND SECTION Viil, DIVISION 1
MAXIMUM ALLOWABLE STRESS VALUES S FOR FERROUS MATERIALS
("See Maximum Tempersture Limits for Restrictions on Class)

0

ey

RN A R A R T S N TR0 2 L L T L g e
Addenda Maximuny Aliowable Stress, kel (Multiply by 1004 ta Obtaln
Nominal Composition 16Cr« 12Ni « 2Mo psl), for Metal Inmperature; °F, Not ding
Praduct Form Strite. plpe
Spac. Ro. SA312 =
Typel Grade TP318L 200
Alioy DeslgJ UNS No. $31603 250
Clase/ Cond/ Temper 300
Size/ Thickness, In. 400
P-No. 8 500
Group No, (7]
Min. Tensie Strength, ksl 650
Min. Yield Strength, ks! . 700
Applic. and Max. Temp, Limits 780
{NP = ot Permitted) (SPT = Sup: 800
l NP 880
| NP 900
wit-1 850
External- Pressure Chart No. HA4
Notes
Genersl Notes

Forme: (a) Wid. - Weided: (b) Stis. - Seamiess.

T polatyd to detwrmmine vatuas for intermediate temparatures.

() Mmmedbtsedionﬂlﬁunmdw‘qn. &mwlmﬂdmnmhmbudw:ﬁduoﬂ.i(NE-3ﬂ2.4):(h«0v¢kmsl’n"bo
convidered &3 deign stross intonaities or allowkh  streos velues am required by NE-3200 or NE-3300, respectively.

(d) Fumwummwwhdaamm::dwnlbouawnhrmmbnlmmd\tmmmmb«bn
rocricted {hat tho-taction undot contidoratio would fakt without roduction of area-shall be 0.80 times the vakies in the sbov Table.

(¢).  For Saction VIl applicetions, stress values bearing shall be 1.60 times the values in the above Table.

Strese values for -20 to 100°F sre sppliced for coldar terrpecatures wien toughness. requicaments of Section Ll or Section VIIl are met,

()  Tho strooy values i this Table may be inte

Min Allowatle
Tensile Séess

Alloworle Stress ved
in ASME PV Code
Section VI Div, |
Calctloctionn s

Z-Q- v H Sa‘pe:\“-( Factor
|67 |

This.repont derived from 1068 MEMAMVMMMTMG!WMWM.
& Is for this record only. .

—————
Tabia 14 Dane ¢
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ACPENDIX B

og icg, Inc.
Pressure essel Calculations for:

Lawrence Livermore Labs Pressure Vessel
§/0: M058560, qty (4) ea

Vessel Description:
4" dia. x 36 vessel w/(1l) nozxle

Degign Code:

ASME Boller & Pressure Vessel Code Sect. VIIT, Div. 1
1998 Edition

Special Notes: Vessel designed w/ SF=4 as is standard with code.

Design Engineer: 4, Z/éy Date: //rr/%4 )
EnNGNGE Reniw ; *7,,,,/7.&_( VL DDA l/w 55

MTE S ASME  Suhg Dt wae b aleabl

ré = M, / .
SEresses < M teatile r)ﬁ‘fy‘;_ o el SR 8 pMeT
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ID-61687912887
C:\COMPRESS\DATA\QUOTES\PATERSON.VSL May 12, 1999

MM
Pressure summary for pressure chamber 1

e ~ P “NERP T AP Pe I B Corrasion

Identifier design destg external| Ratio | MOMT Exeaption or  [Allowance
lpsi) [(deg F) | (psi) {psi) | (psi) (deg F)  Stress Reduction (in)

TOP HEAD 3000.0 | 158.0 | 3869.3 4253.4 0.0 [ 1.089 Not applicable 0.000
SHELL 3000.0 | 158.0 | 3095.6 3402.9 0.0 | 1.099 Not applicable 0.000
BOTTOM HEAD 3000.0 | 158.0 3069.3 | 4253.4 0.0 | 1,099 Not applicable ¢.000
M 3000.0 | 158.0 | 3000.0 3000.0 6.0 | 1.000 Nat applicable 0.000

Vessel MAWP hot & corroded is 3000 psi @ 158 degrees F,
Vessel MAP new & cold is 3000 psi @ 70 degrees F.
Vessel is not designed for external pressure.
drotest pressure_calculation based on WP
= LE*MAWPHL = 4500 P8l on  PWe,maTiC = -1«3"”“""* V= 3950 ?s‘
Vessel hydrotest pressure, horizontal position is 4500 psi.
Desiqn notes:

Minimum thicknessisl 16 inch G-16(b
Corros:on w g!l;xt 1oss 100% ofp theore as ?oss.

UG-23 stregsg
Test liquid g eciﬁc avx is 1.
u:?xmxixoz e outsi projectwn 1 inchas.

Maximum stress allowed ‘d during field drotest ig of yield.
Butt weld thickness transiﬁongs made gkremovmggo% 3

P~No 1 material >1.25 to 1.5 prehea ed (UCS—S&)
Interpretation VIII-1-83-66 has been appli

Page 1
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059-12-99 11:37 ACME CRYOGENICS ID=61

C\COMPRESS\DATA\QUOTES\PATERSON.VSL,  May 12, 1999

Thickness Summary
Companent Dy enath  Rent  Reqd oin Governing Deflest
Identifier (in) {in) (in) (in) 3 Load Status Stress {in)
Top head 4,50 o 0.5310%  0.4323 0.85  internal
Shell 4,50 od 30.00 9625 0.4783 0.85  interaal
Bottom head 4,50 o S5310%  0.4323 0.85  internal

---------------------------------------------------

Nom t - vessel wall thickness

Req t - required vessel thickness due to governing loading + corrosion
E - longitudinal Seam joint efficiency
* = head minimum thickness

Load:

internal - circ stress due to internal pressure governs

external - external pressure governs .

wind - combined long stréss due to STATUS + wind governs
seismic - combined long stress due to STATUS + seismic governs

Page 2
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ID=6167912837 P.G6
C:\COMPRESS\DATA\QUOTES\PATERSON.VSL  May 12, 1999

TOP HEAD
ASME Section_VIII Division 1, 1998 Edition
Component 2:1 head
Mateg'ial specification ; SA 182 F316L LOW <=5%"
Internal design pressure: P = 3000 psi@ 158 deg F
Corrosion allowance: Inner C = 0 Outer= 0 in

PWHT is not performed

Radiography: Cateqgory A oints - Seamlesg NO X-Ra
PRy Head orghenjseam = None UW-11(c) ‘cypye 1

Estimated weight: new = 8.7 corr = 8,7 Ib
capacity: new = ,1 corx = .1 US ga
OD = 4.5 t = .531 (min) flange= 1.5. forming= 0 in (new)

Design thicknegs: (At 158 deg F) Appendix 1-4(c)
) ‘

t = P*Do*K/(2%S*E 4+ 2%P% K-0.1)) + Corrosion + fa
= 3°2g§g-§n1/(2*1519z*0.(85 + 2*%000*(1—0.1)) +0+0

MAP: New & at 70 F) Appendix 1-4(c)

P = 24SEXt/(KADo - 24tk(K-0.1)) — P
= 2*16700*0(.85*0.531/(11(4.5 ~)z)*o.53§*(1-o.1) ) - 0
= 4253,454 psi .

MAWP: {Corroded & at 158 deg F) Appendix 1-4(c)

P = 2%S*E#t/(KADo = 2%t¢(K-0.1)) - Pg o
= 2*15192’(0(.85*0.531/(1£4.5 - )2)*0.531*(1-0.1)) - 0

= 3869.369 psi

Design thickness: (At 158 deq F) Appendix 1-1(a)

t = P*Ro/(S*E + 0.4*1’2 + Corrosion
= 88235359*2.25/(151 2%0.85 + 0.4%3869.369) + 0
. in

Page 3



- 837
S- - 11:37 ACME CRYOQGENICS ID=61607912
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SHELL
ASME Section VIIY Division 1, 1998 Edition
Component: - Cylinder
Material specification: sK 312 TP316L SMLS LOW (pipe)
Internal design pressure: P = 3000 psi @ 158 deg F
Corrosion allowance: Inner C=0 Outer= 0 in

PWHT is not performed

Radiography: = Category A joints - Seamlesg NO X~Ray
P ategog B %omts - None UW-11(c) type 1

Estimated weight: new = 60.5 corr = 60.5 1b
capacity: new = 1,162 corr = 1,162 US ga
- 0OD = 4.5 length Le= 30 - t = 0.5625 in (nominal, new)

Design thickness: (At 158 deq F) Appendix 1-1(a)
t = P*XRo/(S*E + 0. 4*P)} + Corrosion

= 80003% -25/(15192%0,85 + 0.4%3000) + O

MAP: (New & at 70 deg F) Appendix 1-1(a)

= SXE*t/(Ro - 0,4%t }7
= %%00*0 85*0 .49218 S/(2 25 - 0.4%0.4921875) - 0

MAWP: (Corroded & at 158 deg F) Appendix 1-1(a)

= S*E*t/(Ro %
= 15192 85*0 49218 5/(2 25 - 0.4%0.4921875) - 0
= 3095.63 p

Page 4
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€5-12-99 11:87 ACME\CRYO MRS DATA\QUOTES\PATEREON, VAL May 12, 1969

BOTTOM HEAD
ASME Section VIIX Divigion 1, 1998 Edition
Component:; 2:1 head
Material specification: SA 182 F316L LOW <=5"
Internal design pressure: P = 3000 psi @ 158 deg ¥
Corrosion allowance: Inner C = @ Outer= 0 in

PWHT is not performed

Radiography: Cate 0 A joints - Seamless NO X-Ray
Jrapay %org eujseam ~ None UW-11(c) type 1

Estimated weight: new = 8,7 corr = 8.7 1b

capacity° new = .1 corr = ,1 Us ga
0D = 4.5 = .531 (min) flange= 1.5 forming= 0 in (new)
Design thickness: (At 158 deq F) Appendix 1-4(c)

t = PXDo*K/(2%S*E + 2%p#% K-0.1)) + Corrosion + fa
= 8020*4 g 1/(2%15192%0 (85 + Z)EOOO*(I—O 1)) +0+0
=

- New & at 70 ) Appendix_1-4(c)
& 2%SkE#t/(K&Do -

= %;127 .85*0 531/(1 4 5 - 2)*0 531*(1-0 1)) - 0

MAWP: (Corroded & at 158 deq F) Appendix 1-4(c¢)

P= 2*S*E*t*/o(K*Do = 2%tk (K-0 )2)
= 25%81%%9 85*0 531/(1%4.5 - 7%0. 531*(1—0 1)) - o0

UG~-32(1) Minimum Straight Flangg Thickness
Desigx_z thickness: __ (At 158 de J F) Appendix i-1(a)

= P*Ro/(S*E + 0. 4*1?3 rrosion
= IgSgg +369%2.25/(15162%0, 85 + 0. 4*3869 369) + 0

Page 5



- 12837
- 85-12-99 11:38 ACﬁE'. CRYOGENICS ID=-61879

\COMERESS\DATA\QUOTES\PATERSON.VSL.  May 12, 1999

' N1
Opening N1 Reinforcement Calculations Per UG-37
Located on: , TOP HEAD
Local vesasel thickness: .531 in
Liquid static head included: psi
Flange description; Not installed
Nozzle material specification: SA 479 316L HIGH
Nozzle orientation: 0 degrees
End of nozzle to datum line: -4.571n

Nozzle calculated as hillside: no
Projection outside vessel Lpr: 1.884711 in

th ! |<-
- corrosion allow = ¢
-4 n0z thick sev ta= .1
tv1->i/ { nozzle id. new ds ;

-l :
[\ fillet weld tvl =

i
i

(—— R — To head center R= ¢ ja

Reinforcement Calculations For Nozzle MAWP
AL ehem Lalculations For Nozzle MAWP

Limits of reinforcement UG-40

Parallel to the vessel wall (Rn + tn + t) = .812 in .
Normal to the vessel wall outside 2.5%(fn-Cn) + te = .4775 in
Normal to the vessel wall inside 2.5%(th-Cn~C) = .4775 in

Nozzle required thickness

trn = P*Rn/(Sn*E - 0.6+P)
= 3000%0.09/(16700%1 ~ 0.6%3000)
= 0.0181 'in

Required_thicknesgs tr from UG-37(a)(3)

tr= P*K1%D/(2%S*E - (.2%P
= 3000*0./ 3.438/ (2*15192)*1 = 0.2%3000)
= 0.3117 in

i does not r reinforcement UG-36(c)(3)(a

Check the welds ~ From UW-16(c):

Fillet weld: tmin = lesser of 0.75 or tn or t, tmin = 0.191 in
te(min) = lesger of 0.25 or 0,7*tmin, tc(min) = 0.1337 in
tc(actual) = 0.7%Leg = 0.7%0,25 = 0.175 in

The fillet weld size is satisfactory.

Weld strength calculations are not required for this detail which
conforms t6 Fig. UW-16.1, sketch (a).

UG-45 Nozzle Neck Thickneas Check

Wall thickness per UG-45(a): trl = 0.0181 in (E = 1)
Wall thickness per UG-45(b)(1): tr2 = 0.3463 in

Wall thickness per UG~16(b): tr3 = 0.0625 in

Std pipe wall per UG-45(b)(4): trd = 0.079625 in

The greater of tr2 or tr3: tr5 = 0.3463 in

The lesser of tr4 or tr5: tr6 = 0.079625 in

Req'd per UG-45 jis the larger of trl or tr6 = 0.079625 in

Page 6

.09



© 85-12-99 11:38 ACME CRYOGENICS ID=6107912837
’ C: \COHPRESS\DATA\QUOTBS\PATERSON.VSL May 12, 1999

N1

Available nozzle wall thickness new, ta = 0.191 in
The nozzle neck thickness is adequate for MAWP.
Exempt from weld strength calculations per UW-15(b)(2)

VC% 'F\“H'l.ﬂb\ \
Norale <irke. gTRESS |

SA47a-3ik

Y= S-E% S Lot e IS8°F

V.‘*"(l'f E:‘
t=2.0¢"
c= L 1%), 2,04
= (L1 (¢ 850) N /e
TR+ (- 818

S 6206 P& % B0 g5t o‘i_f_

Page 7

<10



APPENDIX C

\__—_—___———-d

L oF WA Towe No_3s ]
[ACRE PART MO [1Tem JaTY DESCAIPTION = FATERIAL
| R L Y L TR G e e
i 7 1220:819204 17 | 2 TeA [ppe cap M5y~ S4182-F 3L
i - -BUNYA T3 T\ Jea I r -$144; 474-310
. ~1809-4/ 6502 1 |ea '(seaﬂgwsgcg g -
. . ‘28 M TET Tea T jut-Ur VEE
okl g . [Rea-Hisey |62 ‘. CR Yy Nk,
Fuliied cRlzanstz [ ATy les T pruec yeR vgn
Tea Avaifwps o Weeblat-dme] 4 |1 Vocre P lod,
!
'
/7 N\ LPS-e0\
4 . L)
A | oA/t _:"’;‘,,‘:. ) (Mreail cerrs. 'u‘m)
I 7\ FuL ot - TYPred @) Places [ NOTES

I ' L _OPERATING PRESSURE. PSIG. :
, 2. OPERATING TENPERATURE. ¥ -!Q"E.(
| [ A SeSIO TOeTRATLRE, W i
jFab. werilg 7
) | [ I ASSY 7o Le clags™s” %1 cleavert 6,4”54. %
' td s

TE-T UASHE, Atme

3" oAt . Fisich R

19, RELIEVING __ e smeven wva.

| ‘
I . . hex
L - Beter Hiaw 10 Fisah, uisiee owy (ek&nﬂlw) G oA, PSSR mAat
! o I For VWP Servite, - o
1 2 - 3 N -~ " . Kl
"’L.—/>"‘ - ] 1 3. f‘ﬁ‘ﬂ“ﬂvf CAlet muct Lo Pawdsd + aE e
| | i SHas dx SaRM Frchm on De(\?\_ = e
1 - =
" s 'J A welds Fun pencraihing A
! : 5. Pressue TECT Ak Peér fame i
! ST 1 HYom. Fi ofss, PG i
] . - FOR_SHOPHENT.
! . Preum, & 37 ,ou; -SRCARNR —
@/ \\\‘ ""/ | : =t —
; I
=
{
k—— 450"
- 7- e—— =] v ]|
gt | Aqum®
1 9bul Gree
: - N l:{:t';'-:‘ vessel oo Ww
o o mm:— o1

-na-an 12:30 e AR AU LI R G e, ‘ “
‘a An oAn ERARN




N~

03

1331S SSTINIVLS 191€ “TVIHILVW

o Mm i - 5001500
M “ XV VH0Z HSINI4 HORIZINI
A 5
v
_ ﬂ - "
Sﬁ.oooﬁo ’ ) 050
! } .
. ; % / _aq_.eJ
) 83
| .

Jan-21-99 01:03P

e

SY



" PRESSURE/ STRESS
sic MoDULIT for

. MOMENT °
SCHEDULE INSIDE ) 708 | BOILER

. NUMBER DIAM. Cross-Sectional cope | Ot GAS & AIR

PIPING
. ° ° | POWER PIPING
and/or ETER METAL pistg, | (bosed
WEIGHT* AREA HEAT'G. .

& REFR. DIV.1 | DIv. 2 -
PIPING * i

cy C3 (-7}
3" NOMINAL SIZE (cont'd) (OUTSIDE DIAMETER D =3.500)

916 | .790 [2.467 | 7.15| 8.39 | 3.10 |1.185 3.29 [1.883 |.0862 |. 0948 |.0992

916 | .783 12.590 (. 7.03| 8.81 | 3.04 |1.151 - 3.43 |1.962 | .0932 . .1045
916 | .765 |2.915 | 6.71| 9.91 | 2.90 |1.140 | 3.79 |2.165 [ .1122 . .
916 | .759 |13.016 | 6.60|10.25 | 2.86 |{1.136 | 3.90 |2.226 .1182 . 1234

916 .753 13.129 | 6.4910.64 | 2.81 1.132| 4.01 |2.294 |.1248 |. . .1284
16| .703 |3.950 | 5.67|13.43 | 2.46 |1.103| 4.81 {2.748 | .1776
916 [ .687 |4.205 | 5.42|14.30 | 2.35 [1.094 5.03 |2.876 | .1956

916 | .602 [5.466 | 4.15]|18.58 | 1.80 1.047 [ 5.99 |3.425 | .2937 |, . .2468
314" NOMINAL SIZE (OUTSIDE DIAMETER D =4.000)

1.047| .984 (1.463 |11.10| 4.97( 4.81 |1.3712| 2. 1.378 | .
1.047 | .980 | 1.557 |11.01| 5.29| 4.77 |1.370| 2. 1.461
1.047| .977 1.628 |10.94| 5.53| 4.74° 1.368 | 3. 1.522

1.047| .970 {1.791 | 10.78 | 6.09 | 4.67 |1.363| 3.33 |1.664 .
1.047 | .949 |2.251 | 10.31| 7.65| 4.47 1.349] 4.10 |2.050 | .
1.047| .929 | 2.680 |' 9.89| 9.11 1.337] 4.79 | 2.394| .

1.047| . 3.283 | 9.28 11.16 1.319] 5.71 {2.855{ .
1.047 | . 3.678 | 8.89| 12.51 1.307| 6.28 |3.141
1.047 | .867'|3.951 | 8.62|13.43 1.298| 6.66 |3.331

1.047| . 5.203| 7.36( 17.69 1.259| 8.25]4.127] .
1.047] . 6.721 | 5.84] 22.85 '1.210| 9.85 | 4.925

SIZE (OUTSID 4.500)

1 1.178 1 1. 1.651 | 14.25| S5.61 1.762
1.178 | 1. 1.758 | 14.15| 5.98 1.869
1.178 | 1. 1.838 | 14.07| 6.25 1.949

1.178] 1. 1.944 ] 13.96| 6.61 2.054
1.178 ] 1. 2,247 13.66| 7.64
1.178 1. 2,55 13.36| 8.66

1.178 1.071\| 2.77| 13.14| 9.40
81 1.178] 1. 3.17] 12.73 | 10.79
411.178] 1. 3.34| 12.57| 11.35

1.178| 1. 3.60|12.30( 12.24
1178 1. 3.74| 12.18| 12.72
1.178] 1. 3.96| 11.95| 13.46

75| 1.178] 1. 4.10| 11.80| 13.96
1.178] 1. 4.41| 11.50] 14.99
11.118] . 4.86] 11.04| 16.52

1.178] . 5.58| 10.33| 18.96
| 1.178f . 6.28]| 9.62| 21.36
1 1.178] . 6.62| 9.28] 22.51 13.27

1178] . 8.10| 7.80| 27.54 1| 15.20| -

5” NOMINAL SIZE (OUTSIDE DIAMETER D =5.563)

10S |.134 | 5.205 - 1.456] 1.386| 2.29 22.02] 7.77| 9. 20| 8.43 |
40 ST 40S|".258| 5.047| 3275 1.456] 1.321] 4.30| 20.01| 14.62 317
" 352" A 1.458| 1.272]| 5.76] 18.54 19.59 ‘

inches K sq in,

o

as 288 B

Mipe woa

8 S5h 38= SR 228 HeR 8xk|y
A
o)
I

1.549
1.546
1.544

1.542
1.534
1.526

-1.520
1.510
1.505

1.498
1.495

N ©
-

D e 0
2

2 883 &
N
g

(=]
o>

Soo mmem
B2 248

,_.
=
S phs 00w WP P

12.

W hpaa ARc I IOID IO OO
O Wwrit
25 BRR 838 38

80 XS 805|378 4.813|2583] 1.456| 1.260| 6.11] 18.10 20,78
. 437'|"4.688[: 1.456{ 1.227| 7.04| 17.26| 2305
120 ~.500.| ‘4.563| “1078] 1.456| 1.194| 7.95| 16.35| 27.04

160 <625 1 1.456] 1.120] 9.70] 14.61] 32.97|
XX --;180° 4 1.456] .1.0641 11.40] 12.97|] 38.77




| Semnw Steel
UEERURINE

part No. 84 ,_

[ESSEERA B PSS S OO SR Y it s s

' A UTSIDE NS DI KNUCKLE'
NOMINAL OUTSID INSIDE WALL weneth | Tancent SH | KNUCKLE | APPROXIMATE ST
PIPE DIAMETER DIAMETER | THICKNESS RADIUS | RADIUS | WEIGHT IN PRICE
" SIZE 0.D. 1.D. T E S R% rt POUNDS

1.315 815 250 | 1% 1.05 JL | 14 39 $ 8.50

1.660 1.160 250 1Y% .96 . 20 | 7 .54 8.50

1.900 1.338 281 | 1% | .88 | 1. 22 68 8.50

2.375 1.689 343 1% .98 . .28 . 18.00

2.875 2.125 375 2 . . 35 96 24.20

3.500 2.626 . 437 . . 44 . 24.20

4.500 3.438 531 | ) ) 57 . 28.00

5.563 4313 625 | 180 | 3. 72 . 39.70

6.625 | 5.189 718 . 4. 86 . 50.00

8.625 6.813 906 ® . . . . 60.00

10.750 8.500 | 1.125W . . . 1 | 10500

12.750 10.126 - | 1.312® 1 2 . . . 147.00




kinetics. fluid systems

1463 centre pointe drive
milpitas, ca 95035

telephone 408.946.3100
facsimile 408.934.6301

Mr. Daniel Archer, Ph.D.

Nuclear Physicist —-
Lawrence Livermore National Laboratory A(F PL/_N Dl x D
7000 East Avenue /
Livermore, CA 94551

Dear Dan,

Per your request, this letter outlines the manufacturing techniques and industry standards Kinetics
Fluid Systems (formerly Insync) used to fabricate the Xenon Delivery System specified and
purchased by Lawrence Livermore National Laboratory.

Insync Job # U0898 (1/8/99)

Insync Item # 870LLL-0001-U0898

Description:  10-E0804 REV. X1, Xenon Delivery System
LLNL PO # B502632

Ship Date: 3/23/98

Overview:

The design rules, materials of construction, welding methods and assembly techniques used on
" the Xenon delivery system are consistent with the standards used in low pressure (<250psig) and

high pressure (250-3000psig) ultra high purity gas delivery systems for the semiconductor

manufacturing industry. These industry standards are extremely rigorous due to the susceptibility

to microcontamination and the highly toxic, fammable and corrosive gases used in

semiconductor manufacturing.

Below, please find the material specifications and industry standards used for this project. Note
that the SEMI (Semiconductor Equipment and Materials International) standards each reference
other standards including ASME, ASTM, FED-STD, IES, ISO, SEMI, etc. The texts of the specific
documents are available from each of the respective organizations.

Panel design and construction:
The following standards were used as general design rules for the Xenon delivery system.

System Design:
SEMI E49.9 'Guide for ultra-high purity gas distribution systems in semiconductor manufacturing
equipment’

Materials:

SEMI F20

Assembly/Test:

SEMI E49.6 'Guide for subsystem assembly and testing procedures-stainless steel systems'

Leak Testing:
SEMI F1 'Specification of for leak integrity of toxic gas piping systems'

Tubing:

All tubing used in this system is manufactured by Valex and conforms to the following standards:

V770 L7 7 S
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P/N T40-VS-.25-035A5

Tubing specifications
Component Materials Application Specifications
1/4" O.D. Tubing T316L Stainless Steel ASTM A 269, ASTM A632

MSWP 4,142 psi, TBP 17,355psi

3/8" O.D. Tubing
P/N T40-VS-.375-035A5

T316L Stainless Steel

ASTM A 269, ASTM A632
MSWP 2,776 psi, TBP 11,631psi

T316L Stainless Steel

ASTM A 269, ASTM A632

1/2" O.D. Tubing
T40-VS-.5-049A5
MSWP=maximum safe working pressure

MSWP 2,917 psi, TBP 12,222psi
TBP=theoretical burst pressure

Fittings, glands and gaskets:
The fittings, glands and gaskets used in this system are manufactured by Swagelok or Parker and
conform to the following standards:

Fitting, gland and gasket standards
Materials Component Application Specifications
316SS Bodies, Nuts ASME SA479, ASTM A276
Gaskets, ASME A240, ASTM A167
Forged Shapes ASME SA182, ASTM A314
316L VAR TB Glands ASME SA479, ASTM A276
200 Nickel Gaskets ASTM B162
Gasket seal integrity specifications
Leak rate, std cm’ls
Inboard Outboard
Gasket At 10” torr At 5000 psig Extrapolated to vacuum
(Nickle) VS unplated <4 x10™" <55 x 107" <4 x 107"

Please call if you have any additional questions or require further clarifications. Thank you again
for the opportunity.

Sincerely,

Kinetics Fluid Systems
Ed Poe

aneww=mga _ __



Novellus System Leak Check and Conformance Certification
S14-0910 Revision B Page 1

INSYNC Systems, Inc.
1463 Centre Pointe Drive
Milpitas, CA 95035

408-946-3100 RPPENDIX E

Fax 408-934-6301

SYSTEM LEAK CHECK AND CONFORMANCE CERTIFICATION

Ser. # 003707, 003708, 003709, 003710
System Number: 10-E0804. Rev.: B Qty: 1set_
INSYNC System Job Number: U0898 '
Description: Xenon Delivery System '
Technician: _Sid Cropper Date:_3/22/1999

We certify this panel was Helium leak checked and is certified with a Helium
Mass Spectrometer with a leak rate sensitivity of less than 1 x 10 * atm.cc He/sec.
‘with the following:

(X) Alcatel 181 td
And passed with the following exceptions:
Four 2” rupture disc assemblies passed at; 1.0 x 10 'gatm, 24x10 'satm,

50x10 '7atm, 3.0 x 10 "atm
Four 1/2” rupture disc assemblies passed at 1.0 x 10 Satm

Signature: /W

Date: - 9/251'/??

System Leak Check Certificate, Novellus Revision C Oct 96
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=M= GENERAL INFORMATION

Test port at

I
Gasket Retainer Assembly two locations

for easy Installation,
minimal clearance for
removal

SUPedor surface
finishes available
for ultra-pure systems

Seal area Is open
to system interior —
no entrapment zones

Precision manufactured gasket
for maximum performance

VCR® Components offer the high purity
of a metal-to-metal seal, providing leak-
free service from critical vacuum to
positive pressure.

The seal on a VCR® assembly is made
when the gasket is compressed by two
highly polished beads during the engage-
ment of a male nut or body hex and a
female nut.

A e
ZERO CLEARANCE NEMISF=
REQUIRED FOR REMOVAL
PRESSURE RATINGS
« Calculations based on allowable stress
- value of 20,000 psi for stainless steel
at ambient temperature, per ANSI
Code for Pressure Piping B31.3.
* To determine pressure ratings in accor-
dance with ANSI B31.1, multiply psig
rating by 0.94.

TEMPERATURE RATINGS

for easy leak testing

" | Temperature
Components| Material F C
316
Stainless Steel 1000 538
ane 316L
Fittings Stainless Steel 1000 538
316LV
Stainless Steel| 1000 538
316
Stainless Steel 1000 538
Nickel 600 316
Gaskets
. Copper 400 204
Aluminum® 400 204

ONot suggested for vacuum service.

Male threads are
rolled for strength

Female nut threads siiver-plated to assure
easy assembly and consistent make-up

MATERIALS (designators)
Bodies, Glands and Nuts:
316 stainless steel (SS)
316L stainless steel (316L)
316L VAR - Vacuum Arc Remelt
stainless steel (6LV)

HIGH PURITY

A variety of VCR Face Seal Fittings
are available with controlled surface
finishes, electropolished and specially
cleaned to meet Ultra-Pure system
requirements. (For more information
refer to SWAGELOK Specification
SC-01.)

TYPICAL VCR® ASSEMBLY

VCR® Assemblies are made u

Female Nut Gland

FEMALE NUT

Gland

Female Nut

Gasket

GASKET BODY

DX 6 |

ANTI-TWIST DESIGN

For additional information,
see page 10. ?

TESTING

The VCR® assembly with a standard -
gasket design has been helium leak -
tested to a rate of 4x10°® std cm3/s
and the VS gasket design to a rate of
5x10711 std cm3/s without leakage.

DIMENSIONS

u Dimensions are in inches, for reference
only, subject to change ;

m E dimension references the smallest i
nominal inside diameter of the part :

go i

e R e T

CAUTION: Do not miix or interchange
parts with those of other manufacturers

p of four or five basic components.

4

Body

Male Nut




E) GLANDS

J Nomin Workin,
. Short Tube Butt Weld Tube ORDERING wall" Pressure
0.D. NUMBER C E H Thickness psig | bar
18 316L-2-VCR-35-2TB7 .75 062  1.08 028 585
174 6LV-4-VCR-35-4TB20 .25 18 60 035 351
1/4 316L-4-VCR-35-4TB3 .38 18 72 035 351
114 6LV-4-VCR-3S-4TB70 .75 18 1.10 035 351
~ | 1/4 6LV-8-VCR-3S-4TB7 .75 18 1.12 035 351
) S— E 38 6LV-8-VCR-35-6TB2 .25 31 62 035 227
> 38 6LV-8-VCR-3S-6TB7® .75 31 112 .035 227
«—Cc—] L T 12 6LV-8-VCR-35-8TB2 .25 40 62 049 241
- H 12 316L-8-VCR-35-8TB3 .38 40 74 049 241
12 6LV-8-VCR-3S-8TB7® .75 40 1.12 049 241
T Nominal
Long Tube Butt Weld " Tube ORDERING Wall Prossuts
0.D. NUMBER C E H Thickness psig | bar
18 316L-2-VCR-3-2TB7 75 062 142 028 8500 | 585
114 6LV-4-VCR-3-4TB2 25 18 1.20 .035 351
1/4 316L-4-VCR-3-02205 .36 18 1.31 035 351
1/4 6LV-4-VCR-3-4TB3 38 18 1.32 .035 351
1/4 6LV-4-VCR-3-4TB7® .75 18 1.70 035 351
1/4 6LV-8-VCR-3-4TB7 75 18 1.80 .035 351
38 6LV-8-VCR-3-6TB2 25 31 1.29 .035 227
3/8 6LV-8-VCR-3-6TB7 75 31 1.79 035 3300 | 227
12 316L-8-VCR-3-8TB2 25 40 1.29 049 3500 | 241
112 316L-8-VCR-3-8TB3 38 40 1.41 049 3500 | 241
12 6LV-8-VCR-3-8TB7 75 40 1.79 049 3500 | 241
34 316L-12-VCR-3-12TB7 .75 65 2.03 049 2400 | 165
1 316L-16-VCR-3-16TB7 .75 87 2.32 .065 2400 | 165
T Nominal Working
Tube ORDERING Wall _Pressure
Size NUMBER Cc D E H Tx__ Thickness _psig.[ bar
174  316L-4VCR-3AS 75 02 .18 112 29 035 (_ 5100/| 351
12 316L-8-VCR-3AS 75 .04 .40 116 55 049 241
3/8  316L-8-VCR3AS6 .75 .03 .31 115 .41 035 3300 | 227
Long Automatic Tube Weld Tube  ORDERING Novanal  lorkied
Size NUMBER [+ D E H Tx  Thickness _psig [ bar
14 316L-4-VCR-3A 75 .02 18 172 29 035 5100)| 351
14  316L-8-VCR-3A4 .75 .02 18 182 29 035 5109/| 351
3/8  316L-8-VCR-3A6 .75 .03 31 182 41 035 0 | 227
1/2 - 316L-8-VCR-3A 75 .04 40 183 .55  .049 3500 | 241
D 3/4  316L-12VCR3A .75 .04 65 207 80  .049 2400 | 165
-r};'“'—_c—j———-l‘\ 1 316L-16-VCR3A .96 04 .87 257 1.06  .065 2400 | 165
i B |
™T - i E
It 95
T 0 L)
n 1
Short Socket Weld T ORDERING rosking
Socket NUMBER D E H Tx S bar
1/4 SS-4-VCR-3-50LG 28 18 50 35 Lgy 358
14 SS-4-VCR-3-75.G 28 18 75 35 500 | 378

Tx

i

D l«- I

LR 1

®Also available in Alloy C-22 (HC22) material.
@VCR Face Seal end of the gland may be back-drilled to a larger 1.D.



Features

Compact design

B accommodates tubing systems requiring miniaturization.

| allows close component spacing.

M provides flow and service ratings equal to larger weld fittings
designed for the same size tubing.

Rounded body block prevents injury or damage to other
~ components during system fabrication or maintenance.
Material heat code
is roll stamped during
first manufacturing
operation to ensure raw
material traceability.

Laser etch marking
identifies manufacturer,
material, and when
applicable, the appropriate
process designator
according to Swagelok

Standard Surface Specification SC-01.

finish

is a maximum
11 pin. Ag
Radius junction

allows for a smooth flow
transition and is designed
to eliminate pockets and
entrapment zones.

Square, sharp,
burr-free tube —
weld ends

enhance alignment, maintain
tube wall uniformity, and
promote weld repeatability.

(=

1
i

Material

W 316L VAR (vacuum arc remelt) or 316L stainless steel
B some configurations are available in Alloy C-22

Ultra-Hs;h-Pu rity

A variety of Micro-Fit weld fittings are available with
controlled surface finishes, electropolished and specially
cleaned to meet Ultra-High-Purity system requirements.
For more information refer to Swagelok Specification
SC-01. ' -
Ordering Information ' '“
To order fittings manufactured according to Swagelok
Specification SC-01 use the following Designator codes
as a suffix to the Ordering Number.

Example: 6LV-4MW-9P

Surface Finish (Rg)
Designator Average Maximum
P 5 pin (0.13 pm) | 10 pin (0.25 pm)
PX 4 pin (0.10 pm) | 7 pin (0.18 pm)
Technical Data
] Pressure Rating®
SeT—psig~ bar Nominal Wall Thickness
gin. 8500 580 0.0281in.
ain. 5100 / 350 0.035 in.
dgm. | 3300 220 0.035 in.
zin. 3500 240 0.049 in.
6 mm 6600 460 1mm
o p ratings are calculated d

atings a n ac with ANSI B31.3, based on equiva-
tent wall ASTM A269 tubing and an allowable stress value of 20 000 psi.

Dimensions/Ordering Information

T E
iL .
Reducing Reduci B :
: educing F oK
Union Elbow l L——$—>l I
T Ty Inches (mm)
Tube Tube Ordering g Inches (mm)
0D 00 Number A B B4 E |k Tl 3
076 | 041 | 025 | 0.18 | 0.06 ub g Ordering | Bod
e e 6LV-AMW-6-2 (19.1) | (104) | (64) | (46) | (1.5 nge '30‘ ?{.‘.’.‘.’,ﬁﬂ‘,'. AJA| B |B| E|E cuhg L]
075 | 041 | 025 | 031 | 0.18 9.4 |0.6910.69]0.25(0.25]0.310.18 0.47|0.47
s a BLV-GMW6-4 | (1a1) | 0 | 640 | @9 | @) Yo | | SVBMWS4 | ol 6 | 64 |09 | @s)| 70 [riois)
075 | 041 | 0.25 | 040 | 0.18 { 0.8110.8110.25}0.25 | 0.400.18 0.53 1 0.53
e | SweMWeAe | | a0 | 64 | (02 | @e) Yo | T | BLV-BMW-S-4 |05y 0| 64 | 64 |(102) a6 | 7 [139)|(t3s)
075 | 041 | 025 | 040 | 0.31 0.811 081 |0.2510.25 | 0.40 | 0.31 0.53 ] 0.53
2 Yoo | BVBMWE6S | ol | 0w | 6 | doz | G Yo | | BV-BIWE |0 o) @a) | 641 [102)| 7o) | U0 [ci)|c1ae)
B
Li—™
T =
TE MW . ¥
§ER- B
90° Extended Leg A =1
Union 90° Union L1 ™.
Elbow Elbow 12
Inches (mm) Inches (mm)
T By ! : Bod
Tube ody Ti ody
o0 | Onderinghumber | » | 5 | ¢ | Guy | o 00 | ordering umber | A | A | 8 | 8 | € | Comr | o |1y
0.56 0.25 0.06 0.41 0.56 | 0.76 | 0.25 | 0.45 | 0.18 0.41 | 0.61
s 6LV-2MW-9 (142) | ©64) | (15 She (10.4) Ya | BLV-4MW-9-03442 (14.2) [ (193) | (64) | (11.4)| (46) $he (104) | (15.5)
. % 0.56 0.25 0.18 0.41 0. 0.56 | 0.8110.25 | 0.50 | 0.18 0.41 | 0.66
b SLV-AMW-92 02 | 64 | we | " | (o) | SL-AMW-9-03443 | 1) | o) | 64) |2 | @6) | 6 | oy | les)
g ¥ 0.69 0.25 0.31 0.47 Q. 0.76 | 0.76 | 0.45 | 0.45 | 0.18 0.61 | 0.61
] 6LV-6MW-2 w5 | 64 | @9 The (11.9) Ya | BLV-AMW-9-03444 93| 193) | (114 [11.4)| @e) | ¥ |a5s) (15.5)
LAMW. 081 | -0.25 0.40 0.53 X 0.81]0.81]0.50 | 0.50 | 0.18 0.66 | 0.66
e GLV-8MW-9 @6 | 649 | 102 | ¥ | (135 | SLV-AMW-9-03445 | o) | o) |2y |2 | @) | % | tee) | res)
0.56 0.25 0.16 0.41
6 mm 6LV-6MMW-9 ain | o | by | ocme | S

2 Aiso available in alloy C-22 (HC22) material
Dimensions are for reference only, subject to change.

»5 ‘ "' &.}Jan S s
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FEATURES/BENEFITS

Choice of rotary handle,
toggle handle,
or pneumatic
actuation

Actuator threads protected
from system contaminants
for longer cycle life

Hardened stainless steel
actuator for strength
and wear resistance

Actuator backstop increases
bellows cycle life

Actuator-Stem coupling design
_ ensures positive stem retraction

Union bonnet
construction for safety

Pnﬁcisio?-fo liabi Tetal Choice of welded or
bellows for reliabili 0
fabllity gasketed body-to-bellows

seal for versatility

Patented

Non-rotating stem tip for
increased shut-off cycle life.

® Pressures to 1000 psig (68 bar)
® Temperatures to 900°F (482°C)

® Choice of materials: brass, 316 stainless steel,
and alloy 400

® Flow Coefficients (C,/) from 0.36 to 1.2

® Gageable SWAGELOK® Tube Fitting ends 1/4"
to 1/2" and 6mm to 12mm

® Tube socket weld ends: 1/4” to 1/2"
® Tube butt weld ends: 3/8" to 3/4"
® Tube extensions: 1/4” to 3/4” O.D. x 3" long

® CAJON® Male VCR® Metal Gasket Face Seal
Fitting ends: 1/4” and 1/2”

® Choice of stem insert materials for shut-off
and regulating service

¢ Panel mounting and bottom mounting
® Every valve is factory tested

|
|
|
|

S =

TEGCHNICAL DATA ,
e TV R
—486- | Mewl | 0 P 1000 psig 1000psig | 700psig | 400°F (204°C) | 600°F (315°C) | 500°F (260°C)
-4BK- Kel-F ’ (68 bar) (68 bar) (48bar) [ 9000F 200°F 200°F
-4BKT- Kel-F 0.36 100 psig (6.8 bar) (93°C) (93°C) (93°C)
-4BW- Metal 0.39 - N/A N/A 900°F (482°C)
-4BRG- Regulating 0.26 450 psig (31 bar) 400°F (204°C) 600°F 500°F
4BRW- Regulating : N/A : NA Ry g,c) (260°C)
6BG- Metal 1000 psig ) ) 400°F (204°C)
6BK- KelF 10 (68 bar) TSR0y Teopsla I 00F @FT) | 200 @) | 200 G
6BW-_ Metal N/A NA 900°F (482°C) 500°F !
88G- Y | Metal . 1000 psig 400°F (204°C) | 600°F (315°C) (260°C) .
4 Kel-F 12 : (68 bar) 200°F (93°C) | 200°F (93°C) 200°F (93°C)
-8BW- Metal N/A N/A 900°F (482°C) | 500°F (260°C) ‘
@ Due to the strength of brass threads, the cycle life of brass valves will be limited when operated frequently at pressures above 450 psig (31 bar). .
Internal Volume Temperature Gradient
S SERIES SIS NTER A, VRIS 316 Stainless Steel Valves
4B 0.10 in* (1.6 cmv’) ERWHENNATVESEATAS AVEHA
4BKT 0.111n2 (1.8 cm?) 600°F (315°C) 195°F (91°C)
48R 0.16in* (2.6 cm’) 900°F (482°C) 275°F (135°C)
68 0.24in (3.9 cnr’)
8BKT 0.26 in.* (4.3 cm’)

@Determined using SWAGELOK ended valtves.




HB Series

Air Actuated
High Pressure
Bellows Valve

VALVE FEATURES

* Choice of Normally Closed and
Normally Open Modes

®Low actuation pressure of
75 psig (5 bar)

*Full pressure rating in either
flow direction

= Positive stem retraction
= Easily purged

o N it s G e e ]

*Specially cleaned to SWAGELOK Bonnet Sniffer Tube
Specification SC-11 (Optional)
= Optional high-purity processing _ ' .
to SWAGELOK Specification . ;
SC-01 available Unique ! : 222
Stepped : il

®100% helium leak-tested

Seal Design
= Optional bonnet Sniffer Tube :

I =

available / ‘ 7
) 5
Variety of ! e
End Connections Prd
(Integral CAJON® Male VCR®
Metal Gasket Face Seal Fittings Shown)
L
osrifice Flow® Internal® P’e';so‘i? gg}i“ s Back Temperature Ratings®
ize Coefficient Volume at ( Pressure .
in. | mm Cv (approx.) for Valve for Air Actuator Rating for Valve for Air Actuator
with Kel-F
) 30 to 110 psig@ Stem Insert:
: 0.27 in? 3500 psig * (2 to 8 bar) —40°F to 150°F
0.15] 3.8 0.30 ( 4" 4 cms) (240 bar) See Air Actuator | 3500 psig (-40°C to 65°C) —-10°F to 400°F
: Maximum Pressure at (240 bar) with Vespel (-20°C to 200°C)
System Pressure Stem Insert:
graph. -40°F to 400°F
(-40°C to 200°C)




¥8-27 NPT
AIR INLET

212 DIA,
| 2-#10-32 TAPPED HOLES
T N 10.25" D'EEP—— ALL VALVES

'
NORMALLY CLOSED

—

U Gageability, an exclusive feature of
_____ 3 SWAGELOK Tube Fittings, allows
. easy inspection for sufficient pull-up
Bottom view before a system is pressurized.

1-1/8 HEX | :
“ . ) Basic
Connection Size Ordering Number?

1/4 Female VCR
to SS-HBVS1-
1/4 Female VCR

1/4 SWAGELOK O 289
to 1/4 SWAGELOK s5-H8s4-C

3/8 SWAGELOK

to 3/8 SWAGELOK
6mm SWAGELOK
to 6mm SWAGELOK

SS-HBS6-

SS-HBS6MM-

1/4 Male VCR
to SS-HBVCR4-
. 1/4 Male VCR -

1/4 Butt Weld
to 6lV-HBBW4-
1/4 Butt Weld

1/4 TSW or 3/8 TBW

to 1/4 TSW or 3/8 TBW 35-HBTWA-

3/8 TSWor 1/2 TBW

to 3/8 TSW or 1/2 TBW SS-HBTW6-

VCR-—-TM SWAGELOK Ca. / Kal-F—TM 3M Company / Viion, Vespel —TM Dupont / 17-4PH, 17-TPH —TM Amco Siesl

Printed in USA.
P
Apd, 1997
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ZO0K

16809 PARK CIRCLE DRIVE P.0, BOX 419
CHAGRIN FALLS, OHIO 44022

TOLLFREE:  800.543.1043
ENTERPRISES, ric e ﬁgﬁgigé;o’«

E-MAIL: zook@zookdisk.com
RUPTURE DISKS WEBURL:  httpsiwww.zo0kdisk.com

FAX TRANSMISSION SHEET

DATE: JUNE 25, 1999

TO: BOB PATTERESON
COMPANY : LAWERNCE-LIVERMORE NATIONAL LAB.
FROM: ALAN KOHTA

SUBJECT : 1/2" - 2250 PSIG & 2" 150 PSIG RUPTURE DISKS

THE RUPTURE DISKS YOU RECEIVED ARE TESTED UNDER THE SAME
GUIDE LINES AS ASME RUPTURE DISKS.

DISK

SIZE:

TYPE:

S/N:
MATERIAL:
RATING
TEMPERATURE :
MFG RANGE:
BURST TOL:

HOLDER
SIZE:
TYPE ;
S/N:
MATERIAL:

1/2"

Z
44786.010
STAINLESS STEEL
2250 PSIG
72 DEG. F
-3/+6%
+/-5%

1/2v
UNION 6U
44786.020
STAINLESS STEEL

2 n
Z
44786.030.
STAINLESS STEEL
150 PSIG
72 DEG. F
-4/+7%
+/-5%

2"
UNION 6U
44786.040
STAINLESS STEEL
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‘- m Series z Bulletin no. 20100

Forward Acting
Metal Rupture Disks

« Forward acting tension type design
without score lines

* Operates to 70% of the disk’s rated
burst pressure '

* Sizes available from 1/4” thru 36" diameters.
* Burst pressures range from 3 to 80,000 psig
* Temperature ratings up to 1000°F (638°C)

¢ Excels in liquid or gas applications

Options

Seating Configurations ZOOK's Series Z

Rupture Disks come in two basic seating

designs:

1. 30° angular light-lip design for normal
operating pressures ‘

2. 30° heavy-lip design for higher pressures. HOLDER

Vacuum Supports  Due to thinness of some disk T _— /
materials, a vacuum support may be required. P
Vacuum supports are attached to a disk and allow
the disk to support a full system vacuum. Consuit
ZOOK if back pressures are expected.

Liners/Coatings Provide additional protection PRESSURE
from the effect corrosives might have on disk

i Series Z Disks mount with the concave surface toward
pe rfgrmance. Liners are made of TEFL‘ONQ‘ Teflon the process media. As pressure increases above the
coatings also are used to protect the disk from recammended operating pressure, the disk will bulge
atmospheric or corrosive media. Refer to Table 2 uml;tllei't‘, arlea&hhees;‘ ttt}:ae rgzﬁgu? Dtiesr:(sgz rséttr:ni?%gg tggd(
Ifi?\ ;T::&mézﬁt::r%ig:;; ratings for various disk, against the holder. This results in a full-opening for

optima! flow conditions.
Protective Rings Can be used with Series Z

Disks made of thin materials or when delicate Forward Acting Rupture Disk Cross-Reference

liners are used. These rings protect the rupture ZOOK:{oseco | es&e | coc FIKE
disk from foreign material in the sealing area Forward Acting .z 1 s B STD P
where holders may be pitted or corroded from W/Vacuum Support 2V | siov | 8y stov | ev
extended use. W/Top Ring “RZ - RSTD | BA R-STD ce
Gaskets Can be used to provide additional W/Top & Bottom Ring RZR: [RSTOR | BRR | R-STDR | cpC
sealing and prevent leakage through the seating W/Ring & V. Support |.-R2V :{ Rotov | erv | RsTOV | opv
area of a scratched or pitted holder. They are N9 = “acuum Suppo o

located on the process side of the disk and are
usually made from Teflon. Other materials are
available upon request.

Z0O0K
ENTERPRISES

16809 Park Circle Drive
Box 419 .
Chagrin Falls, OH 44022
Phone: (216) 543-1010
1-800-543-1043
FAX: (216) 543-4930
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R - § Disk me m‘i‘-
Alummum ................ 260°F
Silver ..o.viiiiiiiiinnn. 260°F
Nickel ................... 800°F
Monel .......... .00 800°F
Inconel .................. 1000°F
316 Stainlass Steel .. ....... 900°F [’
Maximum Temperature:Ratings::+: |
.. fortiners.and Caatings: . _J
.............. FEP 400°F
........ TFE or PFA  500°F

1314 | 10 w20 | 2P0
1549 | 10 | <20

20-39 -4 +14

40-50 -4 +14

51100 | -4 w0
101500 | —4 77 %
501-up -3 +6

15:iu> JUUK ENITERFRISES P.83/85
Table 1~ Minimum and Maximum Burst Pressures for Series Z Rupture Disks
Mm:mum Burst %m liners)/Maximum’ Bucst Pressuce ’ For. Disks with-Teflon Liners ~
. (with Hners) psig @ 72°F . ST, 4 (Add-to-Disk Minimum. BurstPresure)
. Aluminum Silver Nickel Monel Inlet Outfet Both
Sz ("o, [pmaes] min. [Hoal min. [EaadE min, Only Only Sides
4] 160 [HEARRS 450 [EREN 600 700 A A 4
V] 65 |S35000 220 |B6 300 350 150 150 300
1 29 |430008] 120 150 BRWIEs 160 50 50 100
112 22 |y 80 100 16 35 35 70
x 13 (8950 48 60 70 25 25 50
3" 10 ; 35 45 _ 50 15 15 30
& 7 : 26 35 |Ees 40 1 1" 22
6" 5 ’ 20 peSEE oS 30 8 8 16
8 4 fae 15 0 20 [®E 23 6 6 12
10" 4 3 4 16 PR30 17 5 5 10
1 3 a 13 |fEosay 15 4 4 8
114 3 a 1 13 4 4 8
16" 3 4 10 |39y 12 3 3 6
18" 3 - 9 3 1 3 3 6
20 3 - 8 9 3 3 6
24" 3 [ a - a A 2 2 4
30" - A - IS A A a a
36" 7'y a a a A a
A S SR mgﬁ‘ Table 1 - notes
g a 4 N a A ® Maximum burst pressures depend on
s 520 1300 2200 2000 3600 3700 disk size and application temperature.
T 260 650 1145 1500 1800 1830 . gziz;a?zm::f:::::;':
1172 180 450 790 1030 1240 1255 upon request,
z 110 260 485 635 760 77 ¢ Other liner materials are available upon
3 75 200 340 ) 535 545 request. Minimum burst pressures will
4~ 60 150 270 350 420 430 change with change in liner material.
6" 45 115 200 260 315 320 ® For larger sizes of sizes not shown,
& 35 85 155 200 240 245 contact ZOOK.
107 28 . 125 160 195 200
12 24 a 105 135 160 165
14" 20 4 90 115 140 140
16 18 . 80 100 120 125
18 16 - 70 90 110 110
20" 14 A 62 80 100 100
24° 12 A 52 68 80 85
30 a A A 'S 'y
36" a a a a A
(a) = Consut ZOOK
Table 2 Table 3 Table 3 - notes

7 @ Special reduced manufacturing design

ranges for the Series Z forward acting metal
digk, 25%, 50% and 75% ranges are
available upon request, Please consult
ZOOK for additional inforration,

© Burst tolerances are the maximum expected
variation from the disk's rated (stamped)
burst pressure.

® ZOOK Series Z rupture disks can be
manutactured to comply with ASME code
requirements,

W T™ DuPork

MONEL, - TM Huntngron AkGys
INCONEL - TM Invamationsl Nickad
Prevagin USA

I0C-2500GP
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L ~ Union Holder for Standard

or Composite Type Rupture Discs
, 2-3308-2

o \g'
/

. 2 : v
LR Lo . 2t
Assembly #1U Assembly #2U Assembly #3U
Free Qudet Threaded Outlet Welded OQutlet
Threaded Inlet Threaded lnlet Threaded inlet

Assembly #4U Assembly #5U Assembly #6U

Free Outet Threaded Outiet Welded Outlet
Welded tnlet Welded Inlet Welded Inlet

Union type SAFETY CROWNS are provided in n, 17, 1%" and 2 pipe sizes. Standard bore for welded connections
in Assemblies 3U, 4U, SU and 6U are as follows: .

%, 1" and 1% (either 3000 or 6000 psig. rating) - Schedule 80
2” (1200 psig. Maximum rating) - Schedule 40

These units are normally furnished constructed of carbon steel. However, all parts can be supplied from 300 series

stainless steel or other machinable metal. Free outlets are sometimes supplied with threaded or welded connections at
no additional charge.

All units are designed with 30 degree angular seating. When ordering standard or compoasite discs, please state that the disc is
for a (UT) union type holder. By doing so, 256% will NOT attach the tags to the disc, and we wil!l trim the disc OD to assure

a perfect fit in the holder. The tags will ship with discs as a separate item. Holes have been punched in the corner of the
tag, so they can be wired to the union during installation for positive disc identification.

. Union assemblies #2U and #5U can be supplied with a muffied outlet. This prevents
any fragments or product from dispersing direct from nozzle. Also, there is a reduction
in the noise (db) level at burst of the disc.

Dimensions and maximum pressure ratings are listed on Page 2.
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DIMENSIONS
MAX OVERALL HEIGHT {Inches)
PIPE RATING | HEX
size | psiG SIZE U 2u 3u 4u BU 6U
172" 3000 1.3/4" | 1.6/8"” | 2-3/8 | 2.1/4" 1-3/4'" | 2-3/8" | 2-1/4"
1/2'" 6000 2 1-7/8” | 2.6/8" | 2-3/4" 2-3/16" | 2-11/16"] 2-3/16"
e 3000 2-1/2" | 2-1/8" | 3-1/4" 3-1/4" | 2.1/4" | 3-1/4" 3-1/4"
1 6000 3 2-7/16" | 3-3/8" | 3-1/4" 2-8/8” | 3-1/2" | 3-3/8"
1-1/2" 3000 | 3-1/2“|2.7/16" | 2-7/16" | 3-6/16" | 2-7/16" | 3-716" 3-1/2”
2" 1200 | 41/2-j2s/8” |4 {4 [osm |40 |4
PRESSURE/TEMPERATURE RATINGS FOR
UNION TYPE SAFETY CROWN FITTINGS
MAXIMUM RATING
1200 psi ASSEMBLY | 3000 psi ASSEMBLY 6000 psl ASSEMBLY
SERVICE MATERIAL MATERIAL MATERIAL
TEMP, 300 Ser, 300 Ser. 300 Ser.
°F C. su Stainfess C. St Stainless C. st Stainfess
100 1200 1200 3000 3000 6000 6000
200 1165 1165 2915 29156 5830‘ 65830
300 11356 1135 2845 2845 5690 5690
400 1110 1110 2775 2776 5580 5550
500 1040 1040 2605 2605 5210 6210
600 925 925 2310 2310 4620 4620
700 785 825 1960 2055 3920 4110
800 610 750 1625 1865 3080 3730
900 370 670 925 1675 1855 3360
1000 140 695 3656 1485 7186 2975

To change inches t0 millimeters multiply inches by 25.40,
To change inches to centimeters multiply inches by 2.540.
To change PSIG to Kg-cms squared multiply PSIG by 0.3417.

" TOTAL P.GS
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worroRe pists SRV s )
4% ' SERIES 'Z' INSTALLATION GUIDE _
26592 INZATYPE 30° SEAT, FULL BOLTED & UNION TYPE H

WARNING 2 rs%

USER SHOULD READ AND THOROUGHLY UNDERSTAND THESE INSTRUCTIONS BEFORE INSTALLING RUPTURE
DISK. THESE INSTRUCTIONS DO NOT PURPORT TO ADDRESS ALL OF THE SAFETY FACTORS ASSOCIATED WITH
THE RUPTURE DISK'S USE IN SERVICE. IT IS THE RESPONSIBILITY OF THE USER TO ESTABLISH APPROPRIATE

SAFETY, HEALTH, AND TRAINING MEASURES FOR THEIR PERSONNEL JNSTALLING, SE?IC , OR WORKING IN AN
fioN

AREA WHERE RUPTURE DISK ASSEMBLIES ARE IN USE. £ M r

IT IS THE USER'S RESPONSIBILITY FOR DESIGN OF ADEQUATE VENTING ANDNSTALLA ADEQUATE VENT
PIPING OR DIRECTIONAL FLOW AFTER RUPTURE OCCURS WITH THE RUPTURE DISK AS INTENDED. WHEN SIZE IS
SPECIFIED, ZOOK ENTERPRISES ASSUMES THAT ADEQUATE PROVISIONS HAVE BEEN MADE BY PURCHASER FOR
PROPER VENTING OF A SYSTEM TO RELIEVE THE SPECIFIC PRESSURE. LOCATE RUPTURE DISK WHERE PEOPLE
OR PROPERTY WILL NOT BEEXPOSED TO THE SYSTEM DISCHARGE IN CASE OF RUPTURE”™ VENT TOXIC OR
FLAMMABLE FUMES OR LIQUIDS TO A SAFE LOCATION TO PREVENT PERSONAL INJURY OR PROPERTY DAMAGE.

IT IS THE USER'S RESPONSIBILITY TO SPECIFY THE BURST PRESSURE RATING OF A RUPTURE DISK AT A 5
COINCIDENT TEMPERATURE AT WHICH THE RUPTURE DISK IS TO BE USED. A RUPTURE DISK IS A TEMPERATURE
SENSITIVE DEVICE. THE BURST PRESSURE OF THE RUPTURE DISK IS DIRECTLY AFFECTED BY ITS EXPOSURE TO
THE COINCIDENT TEMPERATURE. GENERALLY, AS THE TEMPERATURE AT THE RUPTURE DISK INCREASES, THE
BURST PRESSURE DECREASES; INVERSELY, AS THE TEMPERATURE AT THE RUPTURE DISK DECREASES, THE
BURST PRESSURE MAY INCREASE. FAILURE TO PROPERLY UTILIZE A RUPTURE DISK AT THE SPECIFIED
COINCIDENT TEMPERATURE COULD CAUSE PREMATURE FAILURE OR OVERPRESSURIZATION OF A SYSTEM.

THE INSTANTANEOUS RELEASE OF PRESSURE FROM THE RUPTURE DISK CAN CREATE VIOLENT NOISES DUE TO

THE DISCHARGE AT SONIC VELOCITY. IT IS THE USER'S RESPONSIBILITY TO PROTECT AGAINST HEARING
DAMAGE TO ANY BYSTANDERS.

PARTICLES MAY BE DISCHARGED WHEN THE RUPTURE DISK RUPTURES. THESE PARTICLES MAY BE PART OF
THE RUPTURE DISK ITSELF, OR OTHER ENVIRONMENTAL MATTER IN THE SYSTEM. IT IS THE USER'S

RESPONSIBILITY TO ASSURE THAT THESE PARTICLES ARE DIRECTED TO A SAFE AREA TO PREVENT PERSONAL
INJURY OR PROPERTY DAMAGE.

THERE IS NO GUARANTEE OF RUPTURE DISK LIFE. SUCH LIFE SPAN IS AFFECTED BY CORROSION, CREEP AND
FATIGUE, AND PHYSICAL DAMAGE. THESE CONDITIONS WILL DERATE THE RUPTURE DISK TO A LOWER SET
PRESSURE. THE CUSTOMER AND/OR USER SHOULD BE PREPARED TO HANDLE A PREMATURE FAILURE OF THE
RUPTURE DISK. THE MEDIA OR OTHER ENVIRONMENTAL CONDITIONS SHOULD NOT ALLOW ANY BUILD-UP OR

SOLIDIFICATION OF MEDIA TO OCCUR ON A RUPTURE DISK. THIS MAY.INCREASE THE PRESSURE SETTING OF
THE RUPTURE DISK. IR ST A : .

CUSTOMER AND/OR ITS INSTALLER SHALL BE RESPONSIBLE FOR THE PROPER INSTALLATION OF SELLER'S
HOLDERS AND RUPTURE DISKSTNTO A SYSTEM. CUSTOMER AND/OR ITS INSTALLER SHALL BE RESPONSIBLE
FOR IMPROPER INSTALLATION AND PHYSICAL DAMAGE RESULTING THEREFROM, INCLUDING, BUT NOT LIMITED
TO, DAMAGE RESULTING FROM LEAKAGE, IMPROPER TORQUING, AND FAILURE TO FOLLOW INSTALLATION
INSTRUCTIONS. .

ENTERPRISES, LLC

.

Safety Precautions Before Installation

1. The SERIES "Z" Type Rupture Disk is a precision instrument and must be handled with extreme care. Rupture
disks should be installed only by qualified personnel familiar with rupture disks and proper piping practices.

2. Do not install rupture disk if there is any damage in the dome area. A damaged rupture disk is any rupture disk with
visible nicks or dents in the dome. ’

3. Zook Enterprises does not recommend reinstalling a rupture disk that has been removed from the holder as reinstallation
may adversely affect the joint sealing capabilities and/or performance of the rupture disk.

Fs 48



GAUGE PORT OPTIONS

FIGURE 8 (2 GAUGES)
b

FIGURE A (NO GAUGES)
N

£12- 446950

24}~3204

METRIC EQUIVALENTS IN PARENTHESES

}_D
=

s
Y an
- _ 156 0.
|
1203 (S.2104A. ()
‘-":' |« ) PANEL MOUNTING HOLES

EMO TO ENO DaENSON
¥

K)
FIGURE D (2 OUT GAUGES)

FIGURE C:l GAUGE)
SPECIFICATIONS

FLUID MEDIA — All gases corrosive or non-corrosive or those requiring high
ounty requiation compatible with materials of construction.
Maximum rated inlet pressure. ... ............... ...... 500 PSIG (238 bar
) oUU F q Dar
Outlet oressure ranges 1-30. 1-60, 1-100 and 1-250 PSIG
(.12, .14, .1-7 and .1-17 bar)
e e 150% of maximum rated pressure
400% of maximum operating pressure

Design oroof pressure . .
Design durst oressure

Materiais
Boov 316L Stainless Steel
Seat Kel-F 81° or Teflon®
(Vespel* - optional for 3500 PSIG model only )
Diaonragm 316L Stainless Steel
Valve stem e 316 Stainless Steel
Soring e 316 Stainless Steel
Vaive guide . . .. 316L Stainless Steel
flow cacacrry o . Cy= .06 (3500 PSIG model)
} ] Cv= .15 (600 PSIG model)
Porting ... . .. Four High Pyrity Internal Connections (Style'A’)

Ooeratng :emperature Kel-F 81 -40°F 1o +140°F {-40°C t0 +60°C)

Tefion®: -40°F 10 +160°F {-40°C t0 +71°C)
Vespet®: -40°F 10 +165°F (-40°C to +74°C)

Wergnt tw/o gauges! . .

ORDERING INFO.RMATION
EXAMPLE: 64-2662KA 410

2.01bs. (9kg.)

compatible) fittings welded to the regu-
tator body. Consult factory for specific
part number.

FORM NO 1732

10-94 NW  20M

| BASIC SERIES GAUGE PORT NO. OF
OPTION GAUGE PORTS
BODY MATERIAL 0 -None 0 (fig. A)
6 - 316L Stainless Steel ; - :ﬁ. ::g: ; :,fz' g}
- 3-1/4° HPIC-A 2fig. D)
OUTLET 4 - 1/4° Male Swivel 2 (fig. O
PRESSURE RANGES 5 - 1/4° Male Swivel 1 (fig. C)
) 6 - 1/4° Male Swivel 2 (fig. B)
‘1’ - g'_gg ';SS"g :g;l g::; 7- /4’ Farmale Swivel 2 (fig. O)
- 100 PSIG (0.7 ba 8 - 1/4° Female Swivel 1 (fig. C)
2-0-100 Qo n {19 - va Fermate Swivel 2 fig. 8)
3 - 0-250 PSIG (0-17 bar) S - 1/a" Fixed Male 2 (tig. B)
T - 1/4° Fixed Male 1 (fig. C)
SEAT MATERIAL U - 1/4° Fixed Male 2(fig. O)
K - =319
T - Tei:on?
V - vesoel® (3500 PSIG MAXIMUM INLET
Toders only PRESSURE
1 - 3500 PSIG (238 bar)
INLET & OUTLET PORT TYPE 2 - 600 PSIG (41 bar)
A - H.P.I.C.* Style "A’ {see below)
R - Welded °" (see below IVLET & OUTLET PORT SZE___ 'A'+.06
4 - 1/4" (HPIC onty) LEER]
*HIGH PURITY INTERNAL G - 1/& Male S 'V ! .5
CONNECTIONS (H.P.1.C.) T 08 ale Swivel ~
Specify letter "A’ for Tescom High |H-1/4' Female Swivel 45
Purity Internal Connections. These are | L - 1/2° Femnala Swivel 475
machined inside regulator body and | » _ y/4* Male Fixed 1.51°
are designed to be compatible with D .
VCR® (or equivalent) male fittings — |N~ g‘u?;" './: I:f;"f:‘:’”" s
* swivel only. R-INP Of:" f emale :
. - ort: 1/4° Female
°* WELDED FITTINGS — Optional OUT Port: 1/4° Male Swivel 45
at Additional Cost K - 1/2° Mate Swivel 0I5
Staight tubing or VCR® (or equivalent - dle Swiv :

Prnted in U.S.A.

15040
so(12n

(4-26L3KRAID
4 - 2663KRHIT

CLEANING: Tescom ES 500 DI water cleaning is performed on all
64-2600 models.

ADJUSTABLE STOP: This regulator i'ncorporgtes an adjustable stop which
allows the maximum outlet pressure to be limited to any value between
the maximum rated value and 50% of the maximum rated value.

LEAK RATE CERTIFICATION ....To 1 x 10" atm cc/sec He available at
extra cost. Consult factory.

ACCESSORIES (additional cost)

REPAIR KITS:

Model Standard Repair Kit Soft Goods Kit
64-266XKXX1X P/N 389-3575 P/N 389-3572
64-266XKXX2X P/N 389-3576 P/N 389-3573
64-266XTXX1X P/N 389-3577 P/N 389-3574
64-266XTXX2X P/N 389-3607 P/N 389-36C6
64-266XVXX1X P/N 389-3739 P/N 389-3738
64-266XVXX2X P/N 389-3741 P/N 383-3740

Gauges: Consult GAUGES, section of catalog.

F LOW CHART (Metric units are in parenthesis)

REGULATOR DISCHARGE CHARACTERISTIC CURVES

~ em e ua W

ALL DIMENSIONS REFERENCE
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SPAN INSTRUMENTS DASH MAX. INDICATION
NUMBER PS1G BAR EQUIVALENT| INCHES Hg
PRESSURE GAUGE y -0030 30 2 ———
2.3 0.0., 316 SST BOURDON TUBE SOCKET -0060 50 4 --=
AND T1P WELDED -0100 100 6.7 =
0200 200 13.3 ——
DIAL DATA: _ ~0600 600 40 ——=
cize teacE): =22 B LELOSIET e
ARC OF CALIB.—-—--~— 270° . . -3000 3000 200 i
ACCURACY — 1% OF SCALE ee -4000 4000 266.7 -
DIAL FACE:———————— DUAL SCALE PSI/BAR A" ’ ~6000 6000 400 —
. SEE TABLE W I -v030 30 2 30/1
CASE; ~————=—====" 316 _SST | -V060 60 4 30/1
RING & WINDOW, ————— SAFETY GLASS 4 -V015 15 1. 3071
M%Mq.wnunnnnnnunw“m a2 1 V100 100 6.7 3071
MOVEMENT s == —————== SST LINKS AND PINS -10000 10000 666.7 —==
: . 0300 300 20. 1 ——
CONNECT[ON; === ===~ SEE TABLE Il ~0015 15 \ pp——
nrm>z_zmu~ lllllllll ANS| B40.1 LEVEL 1V ~S000 5000 333.3 —
NOTE, . ) -0160 160 10.7 ——=
: -v200 200 13. 3071
D GCALES DIFFERENT THAN THOSE SHOMN IN THE 2 - g
TABULATION NOT PERMITTED.
9 BEFORE BOXING GAUGES, CAP THE BOURDON TUBE
FITTING OR SEAL IN PLASTIC BAG. : :
TABLE Il \ QH,'onnl@n.gz i
DASH A focR ToX RTR, R WS
NO. CONNECTION TYPE REE . g by 5
) COCVMENT B WL PAOPCXTY OF
N. NPT 1.94 shng [, s " RS [ ruersr:
M CAJON VCR "(MALE) SWIVEL 2.24 %hEFQE‘ >
R | CAJON VCR (FEMALE) 2.24 P vl
PART NUMBER DESIGNATION: W [11-1-36 [1613-96 [ o | s sovomes. ¥
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Purpose:

This revision has the purpose of permitting the addition of
components to the time projection chambers (TPCs) in the Gamma
Ray Imager.

Situation:

There are two time projection chambers which have. been installed
on the Gamma Ray Imager. They are covered by MESN99-020-0A)
which includes the following referenced drawings and which
sanctions the use at an MAWP of 978 psig when used with the metal
C-ring type bli ange (called a flat head in the safety note), as
shown on AAA99-104243§} on the main chamber flange, plus the
conflat blind flange 4-5/8°D x 0.75 thick on the top chamber flange,
plus the 1/2 D VCR plugs modified to give a 0.057 thick window in 5
of the 9 VCR chamber outlets and stock 1/2 D VCR plugs in the
remaining outlets. The east chamber in this configuration has been
pressure tested at 1470 psig and is tagged for 978 psig for reference

and has a 978 psig rupture disc installed to protect this sanction.

The sanctioned MAWP for routine operations is 402.psig when used
with the six-hole conflat type flange as shown on AAA99-104240 on
the main chamber flange, plus the same conflat blind flange on the
top chamber flange, plus the 5 and 4 VCR plugs in the 9 side outlets
as above, plus a 2 3/4 D conflat blind flange, modified to give a 0.118
thick x 1.25 D gamma ray window, in the central hole of the six-holer
and the five Ceramaseal part no. 19543-04-CF electrical feed thrus or
the 1.33 D conflat blind flanges in the remaining five holes. The west
chamber in this configuration has been pressure tested to 604 psig



and is tagged for 402 ipsigvfor reference and has a 402 psig rupture
disc installed to protect this sanction.

The two chambers are connected to the gas handling system via V91,
V93, V96 and V97 with Swagelok HO16 flex hose rated at 1200 psig.
The valves are NUPRO, p/n SS-8BGVCR3-C, rated at 1000 psig. The
hoses connect from the valves to two VCRs on the 3 VCR side of the
chambers.

The chambers are pressurized by filling with the appropriate
measured mass of input gas at the chamber cryo leg temperature
and then warming as required.

There is interest on the part of the experimenters in having
flexibility in configuring the connections on the TPCs in various ways
apart from the basic flex hose connection to the gas handling system.
Examples include adding pressure gages and transducers,

adding a quartz window, changing the Ceramaseal feedthrus and
changing the rupture discs to match the pressure rating of these new
components.

Plan:

The plan is very simple. Any departure from the sanctioned
configurations shall be signed off by a pressure inspector and involve
an independent pressure test of the proposed component(s) at 1.5X
the desired MAWP and installation of a rupture disc within the
subject circuit set at that MAWP. The proposed components must be
used at an MAWP at or below their nameplate pressure rating as
well as at or below the basic chamber MAWP. This pressure at the
present time for routine. operaions is 402 psig.

All departures shall be entered in the TPC log in detail on each
occasion and referenced on the following summary sheet in the TPC
log.



Summary of Departures from Sanctioned Configuration:

Brief Description Page No. New MAWP Signed By Date
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High Pressure Systems Group
Nuclear Test Engineering Division

September 8, 1993

TO: Distribution
FROM: Matt Traini, Pressure Inspector

SUBJECT:  END92-072, REVISION A, PRESSURE TESTING OF VACUUM
"CONFLAT" FLANGES

Please replace your existing copy of END92-072 with the current one enclosed.
The only difference is the addition of information regarding the pressure testing
of 8 inch diameter flanges with viewports. Tests were conducted by Roger
Carnahan, Pressure Inspector, High Pressure Laboratory. This information is
summarized on page 14.
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The purpose of this Engineering Note is to summarize pressure tests that
were performed on a variety of vacuwn "conflat” flanges. Since manufacturers
offer no pressure ratings on vacuum components, it was necessary to perform
tests at the Lawrence Livermore National Lab (LLINL), High Pressure
Laboratory (HPL), Bldg. 343. This would assist designers in determining
working pressures and establishing safety guidelines when using.

All the test results are presented in memo format as was originally
issued.

The first series of tests involved testing a 112" diameter flange that was
welded to a valve and connected to a gas sample cylinder (Refer to memo
dated January 27, 1988 to C. Borzileri). Building 343 Test Request (T.R.) #6226
required the testing of both 11/," and 2%/, blank flanges.

The second series of tests are referenced to T.R. 6408 (Refer to memo
dated March 31, 1988 to J. Stapleton). These tests involved 4 573" flanges that
were connected to a 2 liter volume.

The final series of test involved pressure testing of 2%/," vacuum flanges
with viewports (Refer to the 3 memos to Brad Maker dated January 23,
February 6 and February 23, 1989) on several Bldg. 443 Test Requests.

The mode of failure for the blank flanges, regardless of size, is the
assembly bolis would stretch causing gas to vent through the gasket. On
several tests, a linear displacement tranducer was used to detect any growth of
the flange at test pressure, which proved minimal.

The flanges with Pyrex viewport of course failed at much lower
pressures than the blank leaked. It should be emphasized that the failure
pressure was very much dependent on the condition of the glass {i.c. scratches
or blemishes). Further recommendation for their use are detailed in
Enginecering Safety Note ENW §9-901.




Interdepartmental letterhead

MailStationt.- 373
£xi: 29596
January 27,
TO: Chuck Borzileri
FROM: Matt Traini
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The purpose of this memo is to document
pertaining to lmife-~edge type

pressure situations.

information on tesi results
vacuum (Yeonflath) flanges when used in posxtmve
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1988

SCONFLAT™ VACUUH FLANGES "

These components are lnown to be used in pressure syztems throughout the

i
laboratory and because commercial manufacturers offer

vacuum) data, it became necessary Lo perform a series
esztablish guidelines to be followed when using vacuum
requirementa.

The nature of these tests evolved as a result of
Request No. 6196. The customer requested us to pr
bottle that consisted of a 1-1/3% @ vacuum flange
assembly was then threaded to the sample bottle. The
weld integrity between the flang
flange would leak or fail. Therefore,
in order to obtain this informat
this report.

The resulbts summarized in thiz document
Bullding 343 Test Requests: T.E. #6202 Les
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Each test was performed using helium. New gaskets and bolts were used
for each run. BResulis are summarized below.

T.R. #6202

The purpose of T.R. #6202 was to test the weld Jjoint between the valve
and flange and to determine the weakest point in the assembly. The flange
tested was an MDC Model No. F133000 (1-1/3" ¢ blank flange). The valve that
was threaded and then welded to the flange was a Whitey "DK" series shut-off
valve, Model No. SS~14DKMY rated for 3,000 psi.

Testing procedﬁre included pressurizing flange/valve assembly and then
isolating the flange from the valve and checking leak pressure across the
valve stem.

Five aszasemblies were tested. In all cases except one, the vacuum {lange
was the first to fail. The average pressure where leakage cccurs for the
tests performed was at 10,970 psi, with a range of 10,150 to 12,700 psi. With
the flange lsolated from pressure, leakage at the valve stem occurred at an
average of 12,200 psi, with a range of 9,700 to 13,100 psi. This valve
confirmed an industry standard of a 4 to 1 safety factor on valves.

It should be noted that failure in all cases were nobt catastrophle, but
took the form of small leaks. No faillure concerning the welcg were noted,
The stainless steel bolis used to assembla tho flange
8

inches in length under pressure allowing the {lange
other resulting in leakage at the gasket.

Ny Tou
to separate from sach

T.R. #6226

The purpose of T.R. #6226 was somewhat similar to T.R. #0202. However, B
both 1-1/3" @ and 2-3/4" ¢ flanges were tested. Also, tests were made for SRR
flanges with stainless steel and Grade 8 alloy bolts in order to make -
comparisons. In addition, a linear variable differsntial transformer (LVDT)
was used to measure flange movement when subjected to a pressure load. Three
testa were performed for each size flange and bolbt material in order to obtain
an average value.,

The 1-1/3" § flanges asseambled with stainless steel bolts leaked at an
average of 15,170 psi. The same size flange adsmmolad with alloy bolts leaked
at an average of 14,170 psi )

The 2-3/74" ¢ Planges (MDC Model Ho. F 275000} assembled with stainloss

steel bolts leaked at an average of 5,050 pai; abt 4,800 psi with those
asaembled with alloy bolts,

The LVDT measured movement in the center of the teat [lange and ranged
from 0.000% to 0.001 inch at full pressure. It should be noted that a new
flange was used for cach btest to eliminate any cumulative foblpue that nay
have occurred.
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T.R. #6196

The final porticn in this series involved proof-testlng the gas sample
bottles with the valves and flanges in poaltion. The cylinders were a Whitey
Part No. 304L-HDF4-500. Their volume was 0.5 liter and a 1800 psi maximum
operating pressure. Tesating pressure was 2,700 psi. A tetal of 9 vessels and
5 valve/flange assemblies were tested. An Engineering Safety Hote should have
accompanied this test request in order to certify these vessels. An
identifving T.RE. number was etched on each wvessel and released to the
customer. However, it was made clear that an Engineering Safety Note needed
to be provided in order to use the valve/flange assembly with the Whitey
vessel for their intended purpose.

Conclusion:

It should be noted that the inteniion of these tests were to provide 5
guidelines for usage of "confiat® flanges. Any medifications to hardware may:
alter test results and would require additional engineering and testing.
Therefore, it i3 necessary to understand under what conditions results were
derived from and decisions can be made accordingly. It should be further
emphasized that fallure wWas not catosiraphie, but rather teok the form of a
small lealk resulting from flange bolts stretching and allowing gas Lo pass
between the gasket and "kmife-edge® seal.

If there are any questlons regarding these tests, please contact me at

(415) 422..9596,

0264mt

Distribution:
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Mai Station L- 37 3
Ext: 29585

March 31, 1988

TO; verry Staplebon
FROM: Matt Traini - High Pressure Laboratory

SUBJECT: PRESSURE TESTIHNG OF 4 5/87 § “CONFLATY VACUUM FLANGES

The fellowing is an explanation of pressure tests performed on Y4 5/8%
"Coaflat® vacuwum flanges These tests are refercnced to Bldg. 343 Test

Request No. 64u8.

Two test assemblies were provided and the flanges were bolted together
vaing 12 point stainless steel capscrewa. Hach of the vensels were indtially
hydro tested to 1200 psi and no leaks were pro ﬂt, The purposo for the
initial hydro testing was to minimize any cata ic Cad
oceurred due to the relatively *aﬂgﬁ volume ( ely ? ?1ucr) of the
ot ded into “he aggsemblles
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pol. Pressure increased in 50 to 16
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Fellowing hydro teasting o]
were reassembled using new o
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100 poi dncrements until a hel
Following the series of test
reasgembled using grade § allo
apecificed borque of 30 fi-ibs
thru 6408H and are detailed at
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"It should be noted that
comparing allov bolta Lo stair
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New hardware was uscd for eazh te
before and after testing. HNo increase
the portion of the adapter where the ¢ Wi
after btesting. Ho growth was gvident., Ref
pressure/tine plots for cach Loni.
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LLawrence Livermore
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National Laboratory




Test No.

614088
6408¢C
6408D
6408E
6408F
6408G
6408E

If there are any questionz regarding these tests,

Ext. 2-9596.

0281mt

Distribubtion:
C. Borzileri
D. Holten
3. Parker
3. Schleicher
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Aszembly Ho. Fluid Hardware ~ Leakage / Range
#1 Water 58T No leaks € 1200 psi
#2 Water SST No leaks € 1200 psi
#1 Helium SST 930 pei / 107° Torr
#2 Helium 33T 500 psi / 10“6 Torr
#2 Heliuvm S8T 525 psi / 10"6 Torr
#1 Helium Alloey 5506 psi / 10"6 Torr
T Helium Alloy 900 psi / 1078 Tore

L-384
L-iz22
L-373

L-122

please contact me at

TG T e

Matt Traini

High Pressure Laboratory
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MailStationt.- 373

Ext: 2-9596

January 23, 1989

TO: Brad Maker

FROM: Matt Traini
High Pressure Laboratory

SUBJECT: PRESSURE TESTING OF CONFLAT FLANGES WITH PIREX VIEWPORIS

The purpose of this memo is to summarize work performed under Bldg. 343
Test Request No. 6709. : '

Five VARIAN conflat flanges, 2 3/4" diameter, with Pyrex windows were to
be pressurized with helium gas to fallure. Pressure was linoreasoed in 10 psi -
inarements with a one minute hold at each pressurc. The flanges were
assembled using copper gaskebta. Following manufacturer's specifications, the
bolts were tightened to 16 ft-1bs. New bolts and gaskets were uged for each
flange.

The test results are summarized in the table below.

Flange Numbor Failure Pressure, psi Hature of Glags
6709 A ' 108 paig Normal
6709 3 ‘ 39 2 Scratches
6708 C 150 _ Normal
6709 D 116 Normal
6709 E 5h 1 Seratch

~ If there are any questions regarding these tests, please contact me at
Ext. 2-9596.

Ietd” "/ e
Matt Traini .
High Prcasure Laborabory

0358mb

Distribution:
D. Holten
0. Parker

Ui versity of California
L Lawrence Livermore
% National Laboratory
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MailStaticnL- 373

Ext: 2-9596
February 6, 1989
TO: Brad Maler, 1-125
FROM: Matt Traind

SUBJECT: Testing of MDC flanges with Pyrex viewports

The puzpose of this memo is to summarize work performed under Bldg, 343 Test Request
No. 6726.

Three MDC “conflat" flanges, part number VP-150 (2 3/4" diameter), were pressurized with
helium gas to failure. Pressure was increased in 10 psi incremenis with a 30 second hold at each
pressure. The flanges were assembled using copper gaskets and bolts weze tightened to 16 ft-Ibs.
New hardware wzs used on cach of the flanges and threads were Iubricated with "Silver Goop™.
Tests were similar to those performed previously under Test Request No. 6709 where VARIAN
flanges were used,

Mention shovld be made regarding the types of failure. With the VARIAN flanges (TR.6709),

the viewports fractured into smail picces. With the MDC flanges (TR 6726), the viewport actually
separated ntact from the seam of the flange,

Test results for the MDC flanges are summarized in the table below:

FLANGE NUUMBER FATLURE PRESSURE
GT2GA 190 psig
67268 110 psig
6726C 141 psig

If there are any questions tegarding these tests, please contact me at ext.2-9596.

T e
Mait Traind

Disdbution: ~ High Pressure Laboratory
D. Holten 1-122
O. Pagker 1L-373

University of Califorria

Ifﬁ Lawrence Livermore
A= Nai ional Laboratory
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MaiStatont- 313

Ext: 2-9596
February 23, 1989
TO: Brad Maker
FROM: Matt Traind

SUBJECT: PRESSURR TESTING OF CONFLAT FLAHGES WLTH PIREX VIEHWPORIS

The purpose of this memo is to summarize work performed under Bldg. 343
Test Reguest No., 6TH1. :

It was requested that three VARIAN flanges were pressurdized with helium A
gas to fallure. The flanges were 2-3/4% diameter. These tests were similap
to those previcusly performed under Test Requests 6709 and 6726. The .purpose;
for testing this set of flanges was to determine if there had been any oy
degradation caused by cleaning the flanges in a caustle solutlon. The flangos
werse assembled using copper gaskets and the hardware used for assembly were -
Jubricated with “Silver Goop¥. The bolis were btightened to 16 fi-ibs. ALl
three viewports fractured into small pleces upon fallure.

Regults for this series of tests as well as previous ones are summarizad
in the table below. ' .

FLANGE NUMBER NATURE -OF GLASS FATLURE PRESSURE; PSIG
6751 A ¥ormal _ 180 palg
B Hormal 250 -
C Normal 150
6726 A Normal 190 paig C
B - Normal 110
o Normal 114 ¥
6709 A Normal 108 paig i
B 2 Scratches 39
C Hormal ’ 140
D Normal 116
R 1 Serateh 54

Sl T

Matt Tradni
High Precosure Facillity

0358mt
Distribution:

D. Holten L-122
0. Parker L-373

Universityof California

||| B Lawrence Livermore
h— National Laboratorv
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This additional information regarding the proof and burst testing of new 8" Q.D.
vacuum "conflat” flanges with viewports is being added to the existing engineering
note. These series of tests were performed under Bldg. 343 Test Request number 1489

by Roger Carnahan.

Viewports from 2 manufacturers’ were supplied for the tests and results are
summarized below:

Flange Mfg. Proof Pressure/Hold Time Burst Pressure

MDC 15 psig/15 minutes

Varian 15 psig/15 minutes el e
MDC 54 psig

Two of the flanges were taken to proof test pressure with no leaks and the third to
burst. Upon burst, the entire viewport remained intact and separated from the scam of
the flange. This is the same type of failure that had occurred on the smaller 2 374"
diameter flanges (MDC) with viewports (see pg. 12).

It should also be stated that as an added safety precaution, a lexan shield should be
instatled over the viewport in the event of a failure.




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.

A

12-poit
head! bot

Del-Seal™
CFflnge

OFE copper
clas ket

Leak check
groove

L]

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

t= +1.
d,[CP/SE+1.9Wh, /SEd (1)

where
C is a constant determined by flange geometry. Using sketch (k)itis 0.3

d is the mean gasket diameter

P is the pressure loads

W is the gasket seating bolt load

E is a casting factor

h, is the
A slight modification of this equation should be used. The pressure seal should be taken
as the gasket OD. The gasket seating moment arm 7, 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

t=\/CPd?/SE+1.9Wh,d, /SE (2)

where
d, 1s the knife edge diameter

d, is the gasket ring diameter

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 Y drive (Ser#991135747)

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

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

Test flanges were supplied by MDC vacuum

Gaskets (both OFHC copper and aluminum) were supplied by Kurt J. Lesker Co.
Loctite 51609 anti-seize

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

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

ok wbd



7.2.  2.775” 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 Al in Appendix A
summarizes the measurements made to check the consistency of the small % 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 7
T=kFD (3)
Where

k is a coefficient determined by friction geometry etc.
F is the bolt load force

D is the nominal outer diameter of the fastener

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 kK 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 1b steps when using the smaller KD
wrench and in 1 ft Ib 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 Ib) (in Ib)
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

Torque Setting (in-Ib) 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 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-Ib) 117 131 142 168 182 191 219 236 243 250
121131 144) 162 182 196 215 247|256
116.2/138 146/ 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




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 Ib)

Kobalt wrench

Torque setting Torque Setting Actual torque Error Load Cell readout Fastener OD Force Coefficient Error Error
(ft Ib) (in-1b) (in-1b) Torque (in-lb) (mV) (in) (Ib) K K Force (Ib)
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
KD wrench

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







Heat Exchangers, ASME Pressure Vessek & Tanls

2955 Ford Stv.
Oakland, CA 94601

(510) 261-1800
FAX (510) 261-1870

HYDROSTATIC TEST CERTIFICATION

DATE: S5-27 - 22/

The following reference pressure vessel(s) were succesfully hydrostatically tested in
accordance with the ASME Code Section VIlI, Section 1.

JOHANSING JOB #: 6528

CUSTOMER: Lawrence Bereley National Labs

PURCHASE ORDER #: 6922618

NATIONAL BOARD #: N/A

VESSEL SERIAL#: 6528

GAUGE #: 2257

GAUGE RANGE: -2 o

GAUGE CALIBRATION DATE: S —£ — L=

HYDROSTATIC TEST PRESSURE: 550 PSI

Y |
VESSEL DESCRIPTION: MOD 304 S/S Pipe Spool x 10.0"

OTHER:
Quality Contrg 3er, Johansing Iron V}I}Q(s, Inc.
’ | Devek Shuunan
WITNESS BY: ~ Name:
7 7
sgnature / . ) printname
J % Ton~ Mallel=

TITLE:




