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The CMS CO, Detector test stand contains piping which runs
from the storage tank suspended in Lab C to the South Clean room
of Lab C and back again. This document serves to provide details
on the piping system and its components. The piping could be
subject to up to 1200 psi and a temperature drop from room
temperature, down to -73C, (-100F). This piping note analyzes
these criteria and shows stress does not exceed the amount allowed

by ASME 31.3 code for process piping.
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1. FESHM 5031.1 PIPING ENGINEERING NOTE FORM

Prepared by: Erik Voirin Preparation Date: 4-25-2011
Piping System Title: CMS CO, Cooling Test Stand
Lab Location: Lab C Location code: 604

Purpose of system: Two Phase Carbon Dioxide Cooling Experiments

Piping System ID Number: none assigned to date

Appropriate governing piping code: ASME B31.3 Category: Normal Fluid Service

Fluid Service Category (if B31.3): Normal Fluid Service

Fluid Contents: Carbon Dioxide

Design Pressure: 1200 psi @ -110F

Piping Materials: 304 SS and 304L SS

Drawing Numbers (PID’s, weldments, etc.): 9212-750-ME-466879

Designer/Manufacturer: Fermilab

Test Pressure: 1320 psig Test Fluid: Nitrogen Test Date: April 25, 2011

Statements of Compliance
Piping system conforms to FESHM 5031.1, installation is not exceptional: Yes
Piping system conforms to FESHM 5031.1, installation is exceptional and has been

designed, fabricated, inspected, and tested using sound engineering principles: N/A

Reviewed by: (Print Name)
Signature: Date:
D/S Head's Signature: Date:

The following signatures are required for exceptional piping systems:

ES&H Director's Signature: Date:

Director's Signature or Designee: Date:




Pipe Characteristics

Size: Schedule 10S: V% to 1.5”’: Refer to Drawings Volume: ~ 14 Gallons

Relief Valve Information:

Type: Spring Loaded Manufacturer: Anderson Greenwood

Set Pressure: not applicable Relief Capacity: 1200 psig
Relief Design Code: ASME

Is the system designed to meet the identified governing code? Yes

Fabrication Quality Verification:

Process and Instrumentation diagram appended? Yes
Process and Instrumentation component list appended? Yes
Is an operating procedure necessary for safe operation? No

If ‘yes’, procedure must be appended.

Exceptional Piping System

Is the piping system or any part of it in the above category? No
If “Yes”, follow the requirements for an extended engineering note for Exceptional

Piping Systems.

Quality Assurance

List vendor(s) for assemblies welded/brazed off site: None
List welder(s) for assemblies welded/brazed in-house:

(Ryan - Welder #3), (Mike Jenniga Welder #2), (Mike Cooper)

Append welder qualification Records for in-house welded/brazed assemblies. Yes
Append all quality verification records required by the identified code (e.g. examiner's

certification, inspector's certification, test records, etc.) Yes



2. Description and Identification




The piping in the CMS CO, Cooling Test stand is an experimental setup which
will be used to transfer liquid, gaseous, and supercritical CO, from the storage tank of the
system to the CMS detector test stand and back again. The cooling system uses three
commercial chillers using R-404a as a refrigerant to cool the 300 1bs. of Carbon Dioxide
in the cooling system. The piping network also contains several pressure vessels each of
which serve a different purpose for the cooling system. These vessels are all ASME
stamped pressure vessels, all of which have been designed and tested to ASME standards.
As seen in the Figure 1, the vessels are the HEATER VESSELS (2),
and the PHASE SEPARATION TANK. Pressure vessel notes for the four vessels have
been completed, reviewed, and approved. Links to Engineering Notes:

http://www-esh.fnal.eov:8001/PV_Eng Notes/PPD10132.pdf

http://www-esh.fnal.eov:8001/PV_Eng Notes/PPD10133.pdf

http://www-esh.fnal.eov:8001/PV_Eng Notes/PPD10134.pdf

http://www-esh.fnal.eov:8001/PV_Eng Notes/PPD10131.pdf

The piping system and all vessels are designed to 1200 psi of internal pressure,
and -110F shock temperature. This design pressure was chosen so the system could sit
pressurized at room temperature for extended periods of time without the need for
evacuating the system. The saturation pressure of CO, is 1070 psi at 88F, beyond that
temperature CO, becomes supercritical and pressures are dependent on density of the
fluid due to the volume of containment. The design temperature of the system was chosen
as -110F is the temperature in which CO, will flash to during a pipe rupture, or other

sudden release of pressure down to atmospheric. This temperature was obtained by



following a line of constant enthalpy on the CO, phase diagram. The piping will be

insulated by 2 thick fiberglass pipe insulation and hung from pipe hangers throughout

the building. All piping is grade 304 or 304L stainless steel, schedule 10S or thicker.

Nominal Diameters range from 2 to 1- ¥2”.

A system overview can be seem in Fig.1, which is drawn spatially similar to the

piping and instrument diagram which is attached for reference on the following page.
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Fig.1 — CMS CO; test stand cooling system overview.
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3. Design Verification




The CMS piping meets the requirements of Section 5031.1 of the Fermilab ES&H
Manual. This section states that this piping system falls under the category of Normal
Fluid Service and shall adhere to the requirements of the ASME Process Piping Code

B31.3.

Materials:

The piping is fabricated from 304 or 304L stainless steel tube and pipe. The
lowest allowable stress for both of these materials from Table A-1 of ASME B31.3 is
16,700 psi. The CO; lines are primarily made of schedule 10 pipe.

The piping will be operated at -40C (-40F) minimum. This is above the minimum
temperature listed for 304/316 stainless steel pipe or tube (19 K). According to Table
323.2.2 of the Code, impact testing is not required for these austenitic stainless steels.
(Reference “Bo LarTPC Cryostat Piping System Engineering Note” by T. Tope)

The minimum possible temperature would happen under a pipe rupture, where the pipe
could reach temperatures down to -73C (-100F) due to the sudden expansion of the CO,
and flashing of the fluid down to this Temperature. This is above the minimum
temperature listed for 304/316 stainless steel pipe or tube (19 K). According to Table
323.2.2 of the Code, impact testing is not required at the system design temperature of
-110F for these austenitic stainless steels or the Weld filler metal (308L)

(Reference “Bo LarTPC Cryostat Piping System Engineering Note” by T. Tope)



Stress analysis:

Calculations were done for stress due to pressure, pipe weight, and thermal
contraction. The design uses standard tubing and fittings, which meet specifications of
ASTM A403, and are therefore rated to the same temperature and pressure as the same

pipe size and schedule number according to ASME 31.3.

The minimum thickness of the pipes is evaluated using the procedures in
304.1.2(a) of ASME B31.3. All trapped volume relief valves are set at 1200 psig.
The minimum tube thickness for seamless or longitudinally welded piping for t < D/6 is

given by the equation:

PD
2(SEW + PY)

Where: t = wall thickness,
P = internal design pressure
D = outside diameter (manufacturers nominal value is used)
S = allowable stress from table A-1 = 16.7 ksi
E = quality factor from table A-1B = 1 for seamless, 0.8 for clamshell
W = weld joint strength reduction factor = 1 for seamless tubing, 0.8 for clamshell
per 302.3.4.

Y = coefficient from Table 304.1.1 = 0.4



The piping system contains four sizes of schedule 10S piping: %2, 34, 17, and 1-

12" and also %4 OD 304SS instrument tubing. Calculations for the stresses seen in these

four pipe sizes in order due to the design pressure of 1200 psi are as follows:

D.P
= _2PY
P.D t
t= solve, 5 —
2SEW+P T 2B W
0.840 0.083
1.050 0.083 We=1
= 111 t = 111
1.315 0.109 E=1
1.9 0.109
D.p oy 5502
t - 710 |
== Pt
2 EW 67509
Qo749

This shows a stress due to internal pressure below the allowable limit of 16.7 ksi.

Stresses seen were between 5592 psi for the smallest pipe size of ¥2”, up to 9979 psi seen

in the largest pipe size of 1-12”.

Instrument tubing is 304SS (0.25” OD by 0.055” wall)

and has a much lower stress of only 2247 psi using the above formula. Calculations for

thermal contraction are much more complicated, so ANSYS was used to compute these

stresses, as was pipe weight and secondary stress analysis.



Route descriptions, calculations, and analyses

Section Contents:

FEA Boundary Conditions
FEA simple model testing

Pipe section weight calculation
Section 1

Section 2

Section 3

Section 4

Section 5

Sections 3, 4,and 5 combined
Section 6

Pressure Vessel Block off Plates



FEA / Boundary condition Testing

Ansys is a very powerful FEA program and fully capable of performing any thermal or structural analysis,
yet it is generic in the respects it is not specifically designed for piping systems. boundary condition
selection must be made to match real world fixing points, supports, weights, and such. Piping programs
have predefined "pipe hanger supports" "flanged connections" ect. where in Ansys these must be
simulated. This report explains boundary conditions for the analyses and conducts simple Calculations
which can be checked with hand calculations in order to assure correct boundary conditions and accuracy.

Since the ends will be flanged
connections, they will be somewhat
fixed position wise, but the cylinder will
be able to expand and contract radially
and axially since the flange will expand
and contract due to temperature just
as the pipe will. The flange would only
assist in holding internal pressure, so
the free radial expansion is
conservative for a pressure
application.

The pipe shown in the figure has the
displacement set to zero in the Z
direction and is free in all others.
The cylindrical support is fixed
tangentially and free in all others.

0.000 3.000 (in -
B -
1.500 -

Hand Calculations for Stress / Boundary condition Testing
Pipe is grade 304 Stainless Steel

Temperature Change Stress

Coefficient of Thermal Expansion
5

1.7-10
o=
K
Modulus of Elasticity Initial Temperature Final Temperature
11
E:=1.93-10 Pa T, =716 Tf =20

AT := (T; - Tf)(g)K

Thermal strain

e AT —4873x 10~ Using Duhamel Neumann form of Hooke's law, the deformation is

zero so the mechanical strain must equal the thermal strain.



Stress
eE=0

o= &-E=13642-psi
Ansys computes:

Boundary conditions applicable for
temperature induced stress

tin

EYS l

0.000 10.000 fin) “/iz
5.000 s
X
. . 16 Fixed suppnrfs—uniform load
Stress due to weight of pipe .
' | ! 12
! ‘ R|=R2=WT M|=M2=ll;—2
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@ - ERIRREEE ®} ¥ W= =2)
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Boundary condition applicable for bending
o= % = 769.795-psi

hlin

0.000 10.000 {in Y
|
5.000 *

Boundary condition app. for deflection

deflection := y, . . = 0.002084-in i

0.000 3,000 (iny -
SN
4 500 ¢



Stress due to internal Pressure

D; D,
L= 7 I, = 7 p; = 1200psi
2o L2
0= ————| 1 + —— | = 9895-psi p (1,0
I 2 _ P po)
I'O —I'i ri o i
r’pi 1 i
T2\ 2
2o L2
o= | 1 = == | = ~1200-psi
2 2 2 (a) Tangential stress (&) Radial stress
o =5 5 distribution distribution
v:=0.30
€ —l[cr — v(oy +02)] =0 -1
r — E x v z €Z = €Z = E(O'Z - V(O't + O'I.))
1 .
€, = — [ﬂ.‘? — (o, + Jz}] oy:=€zE+ V-(O‘t + O'r) = 2609-psi
L E L .
1 2 2 2 E
& = % [0: —v(or +0y)] (60-07) + (07— o) + (07 - )
vonMises := = 9765-psi

Boundary condition app. for pressure

Pressure := vonMises = 9.765 X 103-psi

536.66 Min

0.000 2.000 (in) =
See— - |
1.000 “



Pipe supports

Since Ansys WB does not have pipe supports, judgement was used in determining the type of supports to
use.

The pipe will be supported by pipe hangers and will be inside 2" fiberglass insulation. Physical examination «
the insulation showed a square inch of the insulation could be compressed from two to 1 inches with about

10-20 Ibs of pressure. Therefore an elastic support with a foundation stiffness of 15Ib/in3 was inserted on the
pipe at the locations of the pipe cradles.

Weight of Pipe on other components for dead weight analysis:

OD, 5:= 1.9in AO; 5= E-ODLS2
. s 2
ID1.5 = 1.682in AIl.S = Z'IDI.S
. T 2 .2
OD := 1.315in AO; = %-OD12
. s 2
IDl = 1.097in AIl = Z-IDl
. T 2 .2
OODI = OD] + 41H AOOl = _OODl Al = AOl - AI] = O4131n
4
Densities of Weight per foot of components
Combonents
kg b
Pgs = PO =027L—=2 = pggAl s = 1.9942 Weg | = pogA| = 1343
m i SS_1.5= PSS A1.5 o SS_1 = PSS &1 ft
kg b
Peon = 1000—= = 0.036-— _ _ 1b — — o4l
co2 3 .3 W= peoyAly 5=0963— Weo2.1 = Peox Al =041-—
m in ft ft
1b b
P = 3— =0.0017-— _ B 1b _ - 1b
Ins e 3 Wins 15 pInS-(AOOI.S - AOl.S) =0.51 LE Wips 1= pms-(Aoo1 - AOl) = 0.4343

Total weight of CO, filled, and insulated 1.5" pipe

1b Ib
Wis5:= Wss_1.5+ Weoa + Wins_1.5 = 3468~ Wi=Wss_1 + Weo2.1 + Wins_1 = 2186
Weight of particular pipe sections
Sectionl = W1.5-29lin = 84.097-1b Sectiond := W-962.13in = 175.304-1b

Section2 := W1.5-2621n =75.716-1b
Section3 := W1-6881n =125.357-1b

Section5 = Wl-IOOin =18.22:1b



Pipe Section 1

Each section was modeled and then analyzed in Ansys with the described boundary conditions and
subjected to numerous loads, weight of pipe was included in each analysis:

1.) Temperature drop from 71.6F to -110F
2.) Internal Pressure of 1200 psig

3.) Operating Temperature of -40F and Pressure of 131 psig

Material and equipment descriptions:

Assembly 1
Pipe size| Piece# Description Length shown end1 end 2 MAWP (psi)

1.5 1 600# flange 0.875" 1480
1.5 2 Pipe 1.88 SW-flange SW- valve 2000
1.5 3 Valve 5 1480
1.5 4 Pipe 1 SW- valve Butt-elbow 2000
1.5 5 elbow r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 6 Pipe 40.44 Butt-elbow | Butt-elbow 2000
1.5 7 elbow r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 8 Pipe 30.85 Butt-elbow | Butt-elbow 2000
1.5 9 elbow r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 10 Pipe 183.35 Butt-elbow | Butt-elbow 2000

1 10.1 Saddle fitting 3000

1 10.2 relief valve 10000 psi burst
1 10.3 fitting 1 3000

1 10.4 Pipe 16 Butt Fitting | Butt elbow 3000

1 10.5 elbow 1.5 Butt-Pipe 3000
1.5 11 elbow r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 12 Pipe 2.88 Butt-elbow | SW-flange 2000
1.5 13 600# flange 0.875" 1480




Physical Description / Visual representation
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Result Summary For section #1

The stress levels fall below the allowed 16.7 ksi in ASME 31.3 process piping code. Fittings are designed
thicker than the pipe itself, and are rated for the temperature and pressure and allowed by 31.3. Stress
levels in the fittings should be somewhat lower than shown in the ansys model since they are modeled the
same thickness as the pipe itself for a conservative approach. Deformation levels are reasonable and could
easily be allowed by the pipe insulation and hangers without constraint. One can see from these results the
operating temperature and pressure is low with respect to the two other extreme cases. Analysis for
operating procedure will not be shown for additional pipe sections.



Pipe Section 2

Each section was modeled and then analyzed in Ansys with the described boundary conditions and
subjected to numerous loads:

1.) Temperature drop from 71.6F to -110F

2.) Internal Pressure of 1200 psig

Material and Equipment description

Assembly 2
Pipe size| Piece# Description Length shown end1 end 2 MAWP (psi)
1.5 1 600# flange 0.875" 2000
1.5 2 Pipe 8.52 SW-flange Butt-Tee 2000
15 3 Tee r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 4 Pipe 5.19 Butt-Tee Butt-Flex 2000
0.5 4.1 Pipe saddle 1/2" FW to piece 4 |.5" Threaded 3000
0.5 4.2 threaded nipple 4.1 43 3000
0.5 4.3 1/2" valve 4.2 4.4 1480
0.5 4.4 1/2" pipe plug 4.3 3000
0.25 4.5 Pipe saddle 1/4" FW to piece 4 for PDT 3000
15 5 Flex Hose 12 Butt-Pipe 1500
1.5 6 Strainer 5.5inches 1480
15 7 Pipe 166.125 Butt-Tee Butt-Pipe 2000
1.5 8 Tee r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 8.1 SW coupling SW Tee Thermowell 3000
1.5 8.2 thermowell TW30-1-1/2-14-55316 20000
1.5 9 Pipe 40.44 Butt-elbow | Butt-elbow 2000
1.5 10 elbow r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 11 Pipe 1 Butt-elbow SW- valve 2000
1.5 12 Valve 5 1480
1.5 13 Pipe 0.9 SW- valve SW-flange 2000
1.5 14 600# flange 0.875" 1480




Physical Description / Visual representation
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Boundary Conditions Internal Pressure
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Result Summary For section #2

The stress levels fall below the allowed 16.7 ksi in ASME 31.3 process piping code. Fittings are
designed thicker than the pipe itself, and are rated for the temperature and pressure and allowed by
31.3. Stress levels in the fittings should be somewhat lower than shown in the ansys model since they
are modeled the same thickness as the pipe itself for a conservative approach. The pipe Tee was left
out of the stress plot in the pressure analysis since it is rated to the temperature and pressure for
ASME31.3. Deformation levels are reasonable and could easily be allowed by the pipe insulation and
hangers without constraint.

Pipe Section 3

Pipe section 3 is two assemblies joined by a Hart union. The two were joined in an assembly and the
model was then analyzed in Ansys with the described boundary conditions and subjected to
numerous loads:

Pipe and equipment descriptions

1.) Temperature drop from 71.6F to -110F
2.) Internal Pressure of 1200 psig

Assembly 6 - return line 1
Pipe size| Piece# Description Length shown end1 end 2 MAWP (psi)

1.5 1 flange 1.125 Vessel 1480
1.5 2 Pipe 1 SW flange SW valve 2000

5 3 valve 5 1480
1.5to1 4 reducer 2.5 SW Valve Butt-Pipe 2000
1 5 Pipe 12.625 Butt-Reducer | Butt-elbow 3000

1 6 elbow 1.5 3000

1 7 Pipe 263 Butt-elbow SW Union 3000
1to 3/4 7.1 saddle ftng (3/4) relief Valve 3000
.75 7.2 relief valve 2000

1 7.3 fitting 1 3000

1 7.4 Pipe 63 Butt Fitting Butt elbow 3000

1 7.5 elbow 1.5 Butt-Pipe Outside 3000

1 8 SW union Thrd End (Assm 8) 3000

Assembly 8 - return line
Pipe size| Piece# Description Length shown end1 end 2 MAWP (psi)

1 1 Union Nut End (Assm 6) 3000

1 2 Pipe 113.87 Butt-pipe Butt-elbow 3000

1 3 elbow Butt-Pipe Butt-Pipe 3000

1 4 Pipe 17.5 Butt-elbow | Butt-elbow 3000

1 5 elbow Butt-Pipe Butt-Pipe 3000

1 6 Pipe 256 Butt-elbow | Butt-elbow 3000

1 7 elbow Butt-Pipe Butt-Pipe 3000

1 8 Pipe 3 Butt-elbow SW Union 3000

1 9 Union TE 2.25/2 Piece 19 (to Assm 7) 3000




Boundary Conditions Temperature drop to -110F
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Pipe Section 4

Pipe section 4 is two assemblies joined by a welding. The two were joined in an assembly and the model
was then analyzed in Ansys with the described boundary conditions and subjected to numerous loads:
1.) Temperature drop from 71.6F to -110F

2.) Internal Pressure of 1200 psig

Pipe and equipment descriptions

Assembly 3 - out of pump
Pipe size| Piece# Description Length shown end 1 end 2 MAWP (psi)

1.5to1 1 Flex Hose 16-5/16 Butt-Elbow 1500
1.1 |Pipe saddle 1/4" Piece 1reducer tp PDT 3000
1 2 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 3 Pipe 9.06 Butt-elbow | Butt-elbow 3000
1 4 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 5 Pipe 5 Butt-elbow | SW strainer 3000
1 6 check valve 5 1480
1 7 Pipe 120.29 SW strainer Butt-Tee 3000
7.1 Pipe saddle 1" | ~57" from CV Piece 7 Relief valve 3000

1 7.2 relief valve 10000 psi burst
1 7.3 fitting 1 3000
1 7.4 Pipe 16 Butt Fitting Butt elbow 3000
1 7.5 elbow 1.5 Butt-Pipe Outside 3000
1 8 Tee r=1.5 Butt-Pipe Butt-Pipe 3000
1 9 Pipe 62.54 Butt-Tee Butt-elbow 3000
1 10 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 11 Pipe 282.16 (two Butt-elbow Butt-Pipe 3000
1 11.1 Pipe pieces) Butt-Pipe Butt-elbow 3000
1 12 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 13 Pipe 158.55 Butt-elbow | Butt-elbow 3000
1 14 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 15 Pipe 92.88 Butt-elbow | Butt-elbow 3000
1 16 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 17 Pipe 1.68 Butt-elbow | Butt-elbow 3000
1 18 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 19 Pipe 3 Butt-elbow SW Union 3000
1 20TE Union TE 2.25/2 Piece 19 (to Assm 5) 3000




Assembly 4 - out of Pump Pipe back to vessel dead head line

Pipe size| Piece# Description Length shown end1 end 2 MAWP (psi)
1to.75 1 reducer 2 Butt T (Assm3) | Butt-reducer 3000
.75t0.5 2 reducer 1.5 Butt-reducer Butt-Pipe 3000

0.5 3 Pipe 58.75 Butt-reducer | Butt-elbow 3000
0.5 4 elbow r=15 Butt-Pipe Butt-Pipe 3000
0.5 5 Pipe 18.09 Butt-elbow | Butt-elbow 3000
0.5 6 elbow r=15 Butt-Pipe Butt-Pipe 3000
0.5 7 Pipe 58.57 Butt-elbow | Butt-elbow 3000
0.5 8 elbow r=15 Butt-Pipe Butt-Pipe 3000
0.5 9 Pipe 22.5 Butt-elbow | Butt-elbow 3000
0.5 10 elbow r=15 Butt-Pipe Butt-elbow 3000
0.5 11 45 degree elbow r=15 Butt-elbow Butt-Pipe 3000
0.5 12 Pipe 10 Butt-elbow SW Union 3000
0.5 13 hart union 2 3000
0.5 14 |Thrd Pipe (cutin 1/2) 2.5 SW union Valve 3000
0.5 15 1/2" valve 2.78 Thrd Pipe reduc nipple 1480
.5t0.75 16 reducing nipple 0.25 valve vessel port 1 6600




Boundary Conditions Temperature drop to -110F
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Pipe Section 5

Pipe section 4 is three assemblies joined by a flanges, hart unions and welding. They were joined in an
assembly and the model was then analyzed in Ansys with the described boundary conditions and subjectec
to numerous loads:

1.) Temperature drop from 71.6F to -110F

2.) Internal Pressure of 1200 psig
Unconstrained Extensions of the pipe were not added to the model to simplify computation as they do not
effect analysis results. A small phase separation vessel was analyzed

Pipe and equipment descriptions

Assembly 5 - into cleanroom
Pipe size| Piece# Description Length shown end1 end 2 MAWP (psi)
1 1 Union NUT END 2.25/2 (to Assm 3) piece 2 3000
1 2 Pipe 12.55 3000
1 3 elbow Butt-Pipe Butt-Tee 3000
1 4 Tee Butt-Elbow Butt-Pipe 3000
1 4.1 1" Valve 4.22 1480
1 4.2 Pipe 1 3000
1 4.3 Flange 1480
1 4.4 Blind Flange 1480
1 5 Pipe 5.015 Butt-Tee SW-Valve 3000
1 6 Valve 4.22 1480
1 7 Pipe 5.015 SW-Valve Butt-Tee 3000
1 8 Tee r=1.5 Butt-Pipe Butt-Pipe 3000
1 8.1 1" Valve 4.22 1480
1 8.2 Pipe 1 3000
1 8.3 Flange 1480
1 8.4 Blind Flange 1480
1to 1.5 9 reducerto 1.5 L=2.5 Butt-Tee Butt-elbow 2000
1.5 10 elbow r=2.25 Butt-Reducer | Butt-Pipe 2000
1.5 11 Pipe 0.4 Butt-elbow SW-flange 2000
1.5 12 600# flange 0.875"+.25" 1480
Assembly 9 - Phase Separator Top outlet (P.S.)

Pipe size| Piece# Description Length shown end1 end 2 MAWP (psi)
0.75 1 pipe nipple cut 3 threaded to P.S.| butt elbow 2000
0.75 2 pipe elbow r=1.5 Butt Pipe Butt Pipe 3000

.75t01 3 reducer 2" Butt-elbow Butt Pipe 3000
1 4 Pipe 4 Butt-Reducer | Butt-elbow 3000

1 5 elbow r=1.5 3000

1 6 Pipe 4 Butt-elbow | SW strainer 3000

1 6.1 saddle fitting [2" from elbow 3000

1 6.11 sight glass 1450

1 6.2 saddle fitting 3000

1 6.21 sight glass 1450

1 7 Strainer 4.5 1480
1to0.75 8 reducer 2 SW-Strainer |[Butt Reducer 3000
.75t0.5 9 reducer 1.5 Butt Reducer 3000
0.5 10 Check Valve 3.75 1480
0.5 11 Pipe 3-7/16 SW-CV Butt elbow 3000
0.5 12 elbow 3000
0.5 13 Pipe 1 Butt-elbow SW CV 3000
0.5 14 Control Valve 2000
0.5 15 Pipe 3 SW CV SW-(Assm 7) 3000




Assembly 7 - return line in cleanroom

Pipe size| Piece# Description Length shown end1 end 2 MAWP (psi)
1 1 Union NE 2.25/2 Piece 19 (to Assm 8) 3000
1 2 Pipe 8.82 SW union Butt - elbow 3000
1 3 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 4 Pipe 4.81 Butt-elbow | Butt-elbow 3000
1 5 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 6 Pipe 3.6 Butt-elbow | Butt-elbow 3000
1 7 elbow r=15 Butt-Pipe Butt-Reducer 3000
1to 1.5 8 Reducer 2.5-.5 Butt-elbow SW-CV 2000
1.5 9 Check-Valve 5 reducer reducer 1480
15to01 10 Reducer 2.5-.5 SW-CV Butt-Pipe 2000
1 11 Pipe 17.05 Butt-Reducer | SW-Valve 3000
5" 11.1 saddle fitting pipe 11 (toassm 9) 3000
1 12 1" Valve 4.22 pipe 11 pipel3 3000
1 13 Pipe 1 SW-Valve Butt-elbow 1480
1 14 Elbow r=15" Butt-Pipe Butt-Pipe 3000
1to 1.5 15 reducer 2.5 Butt-elbow Butt-Pipe 2000
1.5 16 Pipe 9.375 Butt - reducer | SW-Valve 2000
1.5" 16.1 saddle fitting [2" from reducer 3000
1.5" 16.11 sight glass 1450
1.5" 16.2 saddle fitting |2" from reducer 3000
1.5" 16.21 sight glass 1450
5" 16.3 saddle fitting |4.75" from reducer 3000
0.5 16.31 nipple 3000
0.5 16.32 Valve 1480
.5t0.25| 16.33 bushing 3000
0.25 16.34 Pressure Trans 3000
5" 16.4 saddle fitting |[7.25" from reducer relief valve 3000
0.5 16.41 relief valve 10000 psi burst

15 17 Valve 5 pipe 16 Pipe 18 1480
1.5 18 Pipe 1.5 SW-Valve Butt Tee 2000
.25" 18.1 saddle fitting 3000
15 19 Tee Butt pipe 18 | Butt Tee 20 3000
1.5 19.1 Coupling Tee 20 Thermowell 3000
1.5 19.11 Thermowell 20000
1.5 20 Tee Butt Tee 19 Valve (up) 3000
1.5 20.1 Valve Tee 19 Pipe 19.2 1480
1.5 20.11 Pipe 1 SW valve SW flange 3000
1.5 20.12 flange end of pipe 19.2 1480
1.5 20.13 blind flange 1480
1.5 21 45 degree elbow Butt Tee 20 2000

1.5 22 Flex Pipe Butt elbow Butt Pipe 1200 (4842 Burst)
1.5 23 Pipe 2 Butt Flex SW Flange 2000
0.375 24 saddle fitting 3000
0.375 24.1 Nipple 3000
0.375 24.11 Valve 1480
0.375 24.12 plug 3000
1.5 25 Flange 1480




Boundary Conditions Temperature drop to -110F
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Pipe Sections 3, 4, and 5

Pipe sections 3 four and 5 were combines as their contact points are not perfectly fixed and their
displacements effect each others stress levels. The three sections were joined in an assembly and the
model was then analyzed in Ansys with the described boundary conditions (same as 3,4,and 5) and
subjected to numerous loads:

1.) Temperature drop from 71.6F to -110F

2.) Internal Pressure of 1200 psig

Boundary Conditions Temperature drop to -110F
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0.00 200,00 (in) K'J/
I

100.00



Stress Plot

0.00 200.00 (in)

Deformation Plot 100.00

0.00 200.00 (jn)

100.00



Boundary Conditions Internal Pressure
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Result Summary For sections # 3,4 and 5

The stress levels fall below the allowed 16.7 ksi in ASME 31.3 process piping code. Fittings are designed
thicker than the pipe itself, and are rated for the temperature and pressure and allowed by 31.3. Stress levels
the fittings should be somewhat lower than shown in the ansys model since they are modeled the same
thickness as the pipe itself for a conservative approach. The pipe Tee was left out of the stress plot in the
pressure analysis since it is rated to the temperature and pressure for ASME31.3. Deformation levels are
reasonable and could easily be allowed by the pipe insulation and hangers without constraint.



Pipe Section 6

Pipe section 6 is one assembly, which comes out of the bottom of the phase separator and is
unconstrained at the end. An FEA model was not performed as one end in unconstrained and is not
sensitive to expansion or contraction due to temperature or pressure changes.

Pipe and equipment descriptions:

Assembly 10 - Phase Separator Bottom outlet (P.S.)

Pipe size| Piece# Description Length shown end1 end 2 MAWP (psi)
15 1 flange 1.125 1480
1.5 2 Pipe 0.65 SW flange SW valve 2000
1.5 3 Valve 5 1480
1.5 4 Pipe 0.25 SW Valve Butt Elbow 2000
1.5 5 Elbow r=2.25 Butt Pipe Butt Reducer 2000

1.5to1 6 reducer 2.5 Butt-elbow Butt Pipe 2000
1 7 Pipe 2 Butt-Reducer | SW-flange 3000
1 8 Orifice Flanges 2.5 1480
1 9 Pipe 3.75 SW Flange SW Valve 3000
1" 9.1 saddle fitting [SW-F end Pipe 9 relief valve 3000
1 9.11 relief valve 10000 psi burst
1 10 Valve 4.22 1480
1 11 Pipe 8.5 SW valve Butt-Tee 3000
1 11.1 saddle fitting 3000
1 11.11 sight glass 1450
1 11.2 saddle fitting 3000
1 11.21 sight glass 1450
1 11.4 saddle fitting relief valve 3000
1 11.41 relief valve 10000 psi burst
0.25 11.3 saddle fitting DPT 3000
1 12 Tee Butt-Pipe 11 Butt-Tee 3000
1 12.1 Coupling 3000
1 12.11 Thermowell 20000
1 13 Tee Butt Tee 12 Valve 3000
1 13.1 Valve 1480
1 13.2 Pipe 1 SW-Valve SW flange 3000
1 13.3 Flange 1480
1 13.4 Blind Flange 3000
1 14 45 degree elbow 3000
1.5 15 flex pipe 1200 (4842 Burst)
1.5 16 strainer 1480
1.5 17 Pipe 2 SW-strainer SW flange 2000
0.375 18 Saddle Fitting 3000
0.375 18.1 Nipple 3000
0.375 18.2 Valve 1480
0.375 18.3 Plug 3000
1.5 19 flange 1480




Pressure Testing:
Block Off Plates For Storage Vessel

Since The Pressure Vessels have already been Hydrostatically Tested by the Manufacturer,
the flanges will be blocked off with 1/4 in thick plates. This is done to avoid pressurizing the
large volume of the storage tank. Plated were analyzed and capable of withstanding the
test pressure of 1320 psi, with stress under code stress. Only the area which would be
clamped in the face of the ring gasket is modeled, as the square extensions will not effect
the analysis result. Quarter symmetry was used in the analysis as well to speed
computation time. A drawing of the block of plates is below.

3.5000

3.5000

ASTH A108 Steel
Yield Strength 45000 psi

4— 0.2500




Boundary Conditions:
Pressure in Center. Elastic support equal to flange elasticity places on bottom outside ring
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4. Pressure Containment / Relief System




Relief Valves:

Each of the six applicable piping areas are equipped with a trapped volume relief
valve. These relief valves are set to open at 1200 psig. All relief valves are Anderson
Greenwood Trim KT with a size ‘4” orifice area equal to 0.049 in>. For specific valve

numbers and locations see the Piping and Instrument Diagram.

Calculations were performed which show the capacity of these valves more than
meets the criteria of API 521 and ASME standards. Inlet and outlet pressure drop is
below the respective allowable 3% and 10% set by API standard 521. Details of these

calculations are shown in the following pages.



CMS Bayonet Heater Tank Relief Valve Piping and Orifice Sizing

These MATHCAD calculations are for the Piping system relief valve, inlet, and outlet
piping sizes.

Under ASME VIII-1, overpressure protection is in UG-125 to UG-136.

ASME requires that potential overpressure scenarios are identified and a method of
overpressure protection be used to mitigate. Other than for fire, the larger of 10%
or 3 psi overpressure is allow. If fire exposure is possible then 21% overpressure is
allowed for the fire scenario. (UG-125)

The International ISO 23251/API 521 standard is used for evaluating the
overpressure scenarios and estabilishing a basis for design. This standard is used in
conjunction with API 520 for sizing. The API 520 standard is used as a supplement
to the simple capacity conversion information in ASME Sect. VIII-Div 1.

For gas flow, MATHCAD's multiple equation solving function is used to perform actual
compressible flow calculations.

Per ASME, "The calculated capacity of any pressure relief system may be determined
by analyzing the total system resistance to flow. This analysis shall take into
consideration the flow resistance of the pipine and piping components including the
exit nozzle on the vessels, elbows, tees, reducers, and valves. The calculation shall
be made using accepted engineering practices for determining fluid flow through
piping systems. This caculated relieving capacity shall be mutiplied by a factor of
0.90 or less to allow for uncertainties inherent in this method.", UG-127(d)(1)(2),
Open Flow Paths or Vents.

For evaluating the fire case, credit is taken for the fire resistant insulation and
accounted for in the environment factor. The RV inlet and outlet pipe are checked
with the flow that will pass through the selected orifice.

The vendor provided relief valve capacity for air will be rerated for Carbon Dioxide
and checked against the estimated relief valve capacity.

Ref:

ASME Boiler and Pressure Vessel Code, ASME Section VIII-DIV 1, 2007
API Standard 520, Part I and II, 2008

ANSI/API Standard 521, 2007 with 2008 addendum
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Scenario Check List (API 521)

1. Closed outlets - Closed outlets are possible but are not a source of overpressure,. The
available supply pressure is less than vessel design (MAWP) pressure.

Coolant failure - Not applicable.

Top reflux failure - Not applicable.

Side reflux failure - Not applicable

Lean Oil failure to absorber - Not applicable.

Accumulation of noncondensables - Not applicable,

Entrance of highly volatile material - Not applicable.

Overfilling - Overfilling is possible but is not a source of overpressure The available supply
pressure less than vessel design (MAWP) pressure.

9. Control Failure - Heater could remain on at maximum heat input of 6000W.

10. Abnormal heat or vapor input - worst case would be item 9

11.Split exchanger tube - NA

12.Internal explosion - NA

13.Chemical reaction - NA

14.Hydraulic expansion - Possible and analyzed in item 8 under supercritical conditions
15.Exterior fire - Possible that small quantity of flammables (box/papers) are near the piping.
16.Power failure (steam, electric, air, other) - system stable at ambient temperatures.

®NO O AW

Item 9, and 15 above are identified as possible sources of overpressure.

Item 9 requires a relief rate of 330 Ib/hr.
Item 15 requires an order of magnitude less relieving capacity, and is not the
scenario of interest.

Vessels Anderson Greenwood relief valve is capable of venting over 7000 Ib/hr of
supercritical CO, and are more than adequate for safety purposes. Calculations

follow:
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Evaluation of Overpressure Scenario 9 -
Heater Remains On at 6000W heat load

According to Compressed gas assocoation, the critical temperature for which calculations should be made for relieving
Vv

a supercritical fluid are when: v dh is at a maximum. CGA states at 200 psia the maximum value for
dVp

hydrogen occurs at 62.7R. A Calculation method will be tested against hydrogen's given value to test for accuracy of

the method.

dhgy (Temp) := —0.514512683Temp® + 110.595964Temp? — 7937.122633Temp + 193723.0553

rootV(Temp) := —0.0002Temp? + 0.0345Temp — 1.0974

1
[ (dhgy(Temp))-(rootV(Temp))]|

value(Temp) :=

8.9x10™

8.8x10™ .

value(Temp) 8.7x10 .

8.6x10

8.5x10
57.7 62.7 67.7

Temp

Method Works and is consistant with hydrogen gas value from Compressed gas association. The
same method will be used to find the relief valve calculation Temperature of Carbon Dioxide at
1320psi

dhgy (Temp) := —1.846799534-Temp® + 695.2825211 Temp® — 87493.47076 Temp + 3721622.95

rootV(Temp) := 5.39422.10" ' Temp> — 0.000207814 Temp? + 0.027073145Temp — 1.131746719

1

value(Temp) := [(dhdv(Temp))'(rOO’[V(Temp))]
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5.5¢10" : : . 0.065 : : :

4 0.06
5x10
dhgy(Temp) rootV(Temp) 0.055
4.5x10"
0.05
4X104 0045 | | |
110 115 120 125 130 “N10 115 120 125 130
Temp Temp
4
4.0885x10
4.088x10 't —
value (Temp) 4.0875x10 'k T
4.087x10" F .
4
4.0865x10
119.84 120.84 121.84

Temp

Temperature for Supercritical fluid relief calculations will be made
using this temperature of 120.84 F.
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This is seen as feasible when one looks at the dV/dh graph below as this derivitive rises
rapidly after it reaches a supercritical state then levels off quickly.

(440.59 — 362.93) =
kg

o.0000_EXpPansion of Fluid
dv 00006 /
dh R I
fi3 6-000 /
-60 -40 -20 0 20 40 60 80 100 120 140 160
Temperature (F)
Relief Rate Calculations
Table generated by RefProp
Temperature ([Pressure| Density | VYolume |Enthalpy| Entropy |Heat of Vapor. |Viscosity
(°F) (psig) | (ka/m?) | (m¥kg) | (kd/kg) |(kdkg"R)|  (kdkg) | (uPa-s)
108.84 1320.0 | 424.45 | 0.0023560 | 362.93 | 0.84417 Undefined 30.562
120.84 1320.0 | 30750 |0.0032520 | 405.78 | 0.91887 Undefined 24165
140.84 1320.0 | 24357 | 0.0041056 | 440.59 | 097792 Undefined 21.889
m3
(0.0041056 — 0.0023560) — 3 3
av. . kg ft -5m
— is dVgph:= = 0.0008394- —— dVgh =2.25x10 ~-—
dH kJ BTU
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Derivative
approach:

0.0039

0.0037

y =4.91347E-08x? - 1.67055E-05x + 0.001939965
R2=0.999995762

0.0035

0.0033

0.0031

0.0029

0.0027

e

A

0.0025
370

380 390 400 410

420

430

Volume (H) := 4.91347-10” °H? — 1.67055.10" °H + 0.001939965

d—Volume(H) — 9.82694e-8-H - 0.0000167055

dH

Pco2 = 307.50k—g3

m

kJ

H := 405.78 ——
kg

9.82694e-8-H - 0.0000167055 = 2.317x 10 >

m> virtually the

'kJ same

This dV/dH value of will be used
for relief valve sizing

= 19.2£

3

Heaterpower := 6000W
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Required Relief Rate for scenario 9 METHOD 1 API std

520
. b
Rel|efRate6000W heater = dth'Heaterpower'pC()Q == 329.894h—
- r
Back Pressure Factor Coefficient of discharge Combination Factor
Kp := 1.0 Kq := 0.816 K := 1.0
IK = Kp-Kg- K¢
Wg = Re“efRatesooow_heater
Theoretical Mass flux rate
b .
G :=7030.31 — found by methods listed
2 in API std 520
s-ft
8000
7000
6000
5000
4000 @
<
&
3000 <@
L
2000 *®
L 2
1000
0 L] L] L] L] L] L] 1
0 200 400 600 800 1000 1200 1400

(API std 520 equation B.5)

This area seems extremely small, however with a calculated relief pressure
of 1320 psi the calculation may be accurate. Supercritical fluids also have a
relatively low viscosity and high permeability causing them to flow quite
easily, and needing only small orifice to relieve from. Subsequent orifice
calculations will follow to test for consistency.
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Required Relief Rate for scenario 9 METHOD 2

Relief Rate Unitless Relief Rate Compressibility factor
lb Wg
Wpg = 329.9 — Wy = — Z :=.49103
hr o
hr
Coeff. of Discharge C Value for CO2 Backpressure Coefficient
Ki := Kq = 0.816 C := 345 Kp = 1
Molecular weight 10% Overpressure Absolute

t‘ Ly—
M = 44 Py = 1320 T := (120.8 + 460)

in2 which is very consistant with
the previous method

Evaluation of Overpressure Scenario 15 - Exterior Fire

Calculate relief rate based on a blocked in fire scenario

Per APl 521 sec. 5.15.1.1

To determine vapor generation, it is necessary to recognize only the portion of the piping that is
wetted by its internal liquid and is equal to or less than 25 ft above the flame, in this case the entire
blocked in area tank and surrounding piping will be evaluated for a worst case scenario.

Relief valve Set Pressure Equivalent Lenth of Longest 1" schedule 10

vessel Design P (MAWP) length of pipe Blocked in pipe Pipe ID:
Vessel

Pset := 1200-psi Lg := 60ft D := 1.097in

Total Wetted Surface Area:

Pipearea := 7D -Lg = 17.23f
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Physical Properties of supercritical fluid @ Relieving Conditions:

Molecular Supercritical Temperature Gas Heat Capacity
Wainht at relieving pressure Compressibility Ratio
M, := 44.01- kg Tin == (120.84 + 460)R Z := 0.49103 ~ = 4.3081
kgmole
Heat Capacity Viscocity
Cpgas = 2.3788.—_ W= 24.165.Pa-s
kg-K

Determination of Insulation Credit (per API 521 5.15.5.4)

This vessel will have either fiberglass insulation which will not burn.
Engineering Judgment:

Lab C is equipped with a fire alarm that will call the Fermilab fire department.
Response time would be on the order of minutes.

Fermilab fire department is trained in dealing with cryogen containing vessels.
As part of the CMS project they will receive a walkthrough of the CMS tank and
associated equipment.

It is plausible that there could be a flammable box or papers near this vessel.
Given the above, an insulation credit can be taken in the fire heat input
calculation as specified in API 521.

The API 521 fire input rate will be used.

Insulation Thermal Conductivity Insulation
(ambient conditions) Thickness
w .
kinslambient = 0-034— InsulTh = 2|n
m-K

API Calculation for F,
with units added to factor for unit consistency

API 521 eq. 13

Kins.ambient| (904 + 273.15)K — T; sect. 5.15.5.4
F o= — e [ " ) = 0.0086 The implied units of the API
6657O~—g'lnsuITh conversion factor are kg/sec”3.
s
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CHECK: Same calculation forcing the units choice to use the API formula in
unitless fashion. The result is the same.

_1
degC

kins.ambient‘

[(904 +273.15)K - iy |.

m-K

. = 0.0086
66570- InsuITh~—
m

Required Relief Rate for scenario 15 - Exterior Fire

. 0.82
P
Qu = 21000(%)%[%] Qu = 1862-% Equation from API 521
r r
f

Qv = 545.8-W

ReliefRatefire := dVgn-Qv-peo2 = 13.6'%
p

Comparing Scenario Relief Rates

Rerate scenario 9 and 10 to 21% overpressure to then
be comparable to fire case
(per ASME Sect. VIII- DIv.1, UG-133 (g)

Rerating is unneeded since the mass flow rate of the heater control failure is
11 times higher than the fire scenario. Heater control failure is the largest
overpressure scenario and therefore will be used as the sizing basis.

ReliefRategpoow _heater

_ = 10.99 times higher
Re“efRateﬁre
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Actual Relief Rate - Based on a selected relief valve flow chart

The following flow rate were given by the manufacturer Anderson Greenwood on

their smallest orifice ("-4"; 0.049in"2) relief valve: As = 0.049.in2

METHOD 1
Weliet := G-0.049in> . TIK = 7027.:]—b
r
METHOD 2
W 0.049-C-Ky-P1-Kp/M\1p 51510
relieved = \/T\/? hr = hr
METHOD 3
ol
M -1 Wm
WmA = HK‘1320pSi~AS‘ 1w ( 2 ] WmA = 102].5'E VOIReIief = A
Relief needed: WR = 329.9~L—b
r

This shows even the smallest orifice size is 30 times oversized.
This relief valve will be chosen for this vessel as well as all pipes

Check of Relief Valve Inlet Pipe Pressure Drop

Per ASME Sect. VIII- Div. 1 methods, the selected Anderson
Greenwood "-4" orifice relief valve has a capacity in excess of
capacity estimated using the conservative methods of API 520/521.

The multiple relief valves will be mounted directly on the piping and have
outlet piping which extends outdoors. the length of the longest pipe will be
used as the length of the inlet pipe to be conservative.

Length := Lg = 60ft

Diam := 1.097in Area = %-Diam2 ~ 0.9-in?
VolReli
Velocity := Relief
Area

__ Pco2- Velocity-Diam
| B

Re ~ 2.4x10°
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Relative Roughness

e = 0.046mm = 1.8x 10 >-in

ColeBrook Implicit
equation

Given & = 2log[—& 4+ 231 f .= Find(f) = 0.022359
Vi 3.7Diam  Re-/f
Crane 410 eq. 6-8 (unitless to
psi)
Crane 410 eq. 6-8 for head, converted to W 2
pressure f. Length { WWMA
5 ft o
AP = f.(Le_”gth.Ve'“'ty ~p002\] _ 15.42-psi APy :=3.36.10 °. ) _ 1542
Diam ’ Pco2 Diam >
b in
ft>
AP

——— =1.1556-% which is less than 3%, the inlet piping is sufficient
1334.3psi
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Check of Relief Valve Outlet Pipe Pressure Drop

Equivalent length used is conservative representation of straight pipe and
fitting losses. The relief valve will be mounted on nearby piping to the vessel.
Outlet piping will be routed outside. Relief valve will flash supercritical CO2
into vapor/solid mixture.

Solid "snow" could plug outlet lines, therefore the largest piping size which will
still yield a sonic exit velocity is desired. Properties for CO2 will be used as
close as possible to this relieving mixture which will be roughly 85-90% vapor
quality and 10-15% solid by mass. For this calculation, 100% vapor will be
analyzed to be conservative.

Temperature Frescure Oensity | Yolume | Enthalpy Entropy
[°F) (psiqg) (Ibm/t3) | [(fFAbm) | (Btuflbm) | (Btudbm-"R)
-68.000 5.0000 020624 | 48487 | 18916 0530718
- Fid a0 &R ERTEOOCOOROIF B | B IFI02 | AESE | FRLSE eSS EE7
-rodan 5 DREFTED | L4205 | FERYS R 58 1
Heat of Yapor. Yiscosity Kin. Viscosity
Comp. Factor g ibm) (Ibm/ft-s) (Ft¥/s)
093095 Undefined 0000073552 | 0.000035653
g ATERE OO0 Moz paleutiatos | Mot palewlzted
Q2arpay OO Maz palouwtates | Mat calewaied
estimated density relieved estimated kinematic viscosity
2 3
Ib ft Wma 4 ft
pre"eved = 0.22612_ V= 0-000035_ VOIre”eved = = 4.5)( 10 T
ft3 S Prelieved hr

ID of 2" schedule 10 pipe

Diam := 2.157in

Comp. Factor

Z :=0.97433

Area = %-Diam2 = 3.7.in%

Velocity :=

Relative Roughness from Crane 410 for
commercial steel pipe

e = 0.00015ft

Volrelieved

Area

Re

Length := 25ft

__ Velocity-Diam

1%

= 2.5%x10°
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ColeBrook Implicit

equation
Given 1 = —2log €_ + 2.51 f := Find(f) = 0.01894
Vi 3.7Diam  Re-/f
mass flow diameter of outlet outlet
rate pipe pressure
Wm i
am = — A 102154  d = D';m - 0.18 0p = 14.3
hr
-100F outlet outlet
temperature piping
Toutlet := (460 — 100) L= Lerf‘tgth = 25
Mach
number
0.5
_ ZT
Map := 1.702-10 °.[ 2™ ( °““etj — 1.062
2 M
p2-d

Using equation 26 from API std 521 to find the
pressure (p2) just after the relief valve

2 2 2
fL L.(ﬂj .{1 - (Ej }— In(ﬂ) p1 = Find(p1) = 30.8
d Ma,® \P2 P1 p2

AP := (p1 - p2)psi = 16.5psi

AP

—=12%
1334.3psi
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check for sonic flow speed

q 05 Which is above the outlet pressure
L g2 (9m ) (£ T\ _ showing we have sonic flow. High
Porit = 1.702-10 [dzj ( j 19.3 velocity flow is desireable in a CO2
relieving system to be sure the
outlet piping will be swept of solid
CO2.

from API std 521

If the critical pressure is less than the pipe outlet pressure,
the flow i1s subsonic. If the critical pressure Is greater

than the pipe outlet pressure, the flow is sonic and Ma, = 1.
Therefore, the pipe inlet pressure, p4, is calculated

from Equation (25) with p5 equal to the critical pressure.
%2 %2 2
RAL. [ﬂ] 1—[*"_2] —|n[‘-”—1 (26)
d  Ma3|\ P2 Py Py )

recalculated for sonic flow speed
Map := 1 P2 = Perit

2 2 2
fL L.(ﬂj .{1 - (%j }— In(E] p1 = Find(p1) = 39.3
d May,® \P2 P1 p2

AP := (py — p2)psi = 20psi

A—P. =1.5-% which is less than 10%, the outlet piping is
1334.3psi sufficient

This calculation was done for 25 feet of 2" pipe. Other relief
valves are 1" diameter pipes, though their length is much shorter,
up to only 5.5 feet.
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Check of Relief Valve Outlet Pipe Pressure Drop with shorter 1" outlet

ID of 1" schedule 10 pipe

Diam := 1.097in

Comp. Factor

Z :=0.97433

Area = E-Diam2 ~ 0.9-in?

Volrglieved

Velocity := A
rea

Relative Roughness from Crane 410 for

commercial steel pipe

e = 0.00015ft

ColeBrook Implicit
equation

. 1
Given — = -2log
=7
mass flow
rate
Wmap
Am = = 10215.4
E
hr
-100F outlet
temperature
Toutiet := (460 — 100)
Mach
number

Om

€ N 2.51
.7Diam  Re/f

diameter of outlet
pipe
_ Diam

d: = 0.091
outlet
piping
L. Length _ oo

ft

May = 1.702-10"°.
2
p2-d

0.5
' Z'Toutlet — 4108
M .

Length := 5.5ft

Re = Velocity-Diam _ 5 106
v
f := Find(f) = 0.022279
outlet
pressure
po := 14.3
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Using equation 26 from API std 521 to find the
pressure (p2) just after the relief valve

f-L 1 P1 2 P2 2 P1 2

= | — ] 1= —In| —

d Ma,® \P2 P1 p2
_ AP 4079
1334.3psi

check for sonic flow speed

0.5
Porit = 1702107 > I (ﬂj — 74.6
@)\ M

recalculated for sonic flow speed

Map = 1 P2 = Perit
fL_ 1
d Ma22

AP

——=34%
1334.3psi

the

p1 := Find(p¢) = 156.9

AP := (pq — p2)psi = 142.6psi

Which is above the outlet pressure
showing we have sonic flow. High
velocity flow is desireable in a CO2
relieving system to be sure the
outlet piping will be swept of solid
CO2.

.(%jz{l —(%ﬂ—m(%jz p1 := Find(p¢) = 119.4

AP := (p1 - p2)psi = 44.8psi

Which is less than 10%,

outlet piping is sufficient
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5. Welding Information




The transfer line was assembled in two phases due to the long lengths and bends
would be impossible to move through doorways and such. Maneuverable sections of the
piping were fabricated in Lab F, MAB, and PC4. These sections were then joined and
connected either by welding, Hart Unions, or flanges once in place. According to B31.3
Section 341, all piping in Normal Fluid Service shall be examined. Normally
radiographic examination of at least 5% of the welds is required but in certain cases
where the use of radiographic examination is difficult or impossible in-process
examination is allowed in lieu of radiography. The shop fabrication was done by
multiple Fermilab welders. Their qualifications are in section 6. An argon gas purge was

used before and while performing all piping welds.



6. Welders Qualifications




£% Fermilab

Technical Division-Machine Shop

Fermi National Accelerator Laboratory

Welder Performance Qualification Record

Welder’s Name | Michael Cooper FNAL# |  I1227IN ASME# | w-7
Welding Process: [ 1st | GTAW [ Type | Manual 2nd | Type |
Performed in accordance with: Fermi WPS-55-8-001
Joint: Eillet: | Production-Weld | Test Coupon [
Groove: | Double-Welded: Yes | No |
Single Welded: Metal Eused Metal-Non-Fused | NoaMetal |  Open Root | Consumable Insert
BhehColid Dasline Without Solid Backing |
Base Metal: | Specification: | SA 213, Type 304/304L | TO | SA 213, Type 304/304L | ASMEP#8 Gp1 | TO | ASMEP#8, Gp |
Plate Pipe Tube

Actual Thickness: Nominal Diameter: | Actual Diameter

Overall Diameter: 0.

250"

Qualified Range: Wt/Schedule; Qualified Thickness Range Wall: 0.035"

Actual Thickness

Qualified Diameter Range: .

Qualified Thickness Range: 0.070" Maximum

Qualified Diameter Range: 0.250” Minimum

Filler: 1" Process 2™ Process
Specification: 3.9 Class: 308/308L Specification: Class:
Diameter(s). .035, .045, I/i6 Diameter(s):
F# 6 F #:
Deposit Thickness:  0.035 Range Qualification: 0.070 Maximum Deposit Thickness: Range Qualification;
Welding Position: 6G If Vertical: Uphill Beown

Gas (Type & Composition: Shielding: Argon 99.9% Root Side Backing - Argon 99.9%

Electrical Characteristics Type Current | AC | BCER DCEN
Transfer-GMAW | Spray | Globular | Pulse [ SharrCirends
Visual Inspection
Appearance: | Satisfactory | Undercut: | None | Piping Porosity: | None
Guided Bend Test
Type and Figure Results Type and Figure Results Type and Figure Results
Test Conducted by: Lab Test #: Date:
Radiographic Test
Results: Satisfactory | Per ASME IX-2007 and AWS D1.1-06
Radiographer: Aloyweld Inspection Co., inc. | Examiner: Jennifer Anaya-Level Il | Register # 5304 [ Date: 67722010

Fillet Weld Test Resulis

Fracture Test:
{Location, Nature, and size of Crack or Tear in Specimen)

Length of Weld: | Length of Defect: | Percent of Defect
Macro Test: Fusion
Appearance: Fillet Size inch X inch | @ Convex i O Concave
Test Conducted by: | Lab Test #:
]
Test Verified by: Roger Hiller, 00362N Verification Report #5712010-2RH
Signature

We centify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the

requirements of ASME IX-2007 & AWS DL.1-06  Fermi National Accelerator Laborato

By: Roger Hiller 00362N Date:

6/7/2010

Authorized Representative

Fermi National Accelerator Laboratory / Kirk Road and Pine Strest / P.O. Box 500 / Batavia, 1L 60510 / 630.840.3000 / www.inal.gov f fermilab@fnal.gov

@ Office of Science / U.S. Departmant of Energy / Managed by Fermi Research Alliance, LLC




2= Fermilab  Fermi National Accelerator Laboratory

Technical Division-Machine Shop

Welder Performance Qualification Record

Welder’s Name | Mike Cooper FNAL# | 1227IN ASME# | W-7
Welding Process: I 1st | GTAW [ Type | Manual 2nd | Type |
Performed in accordance with: | Fermi WPS-558-9-002
Joint: Eillet: | ProductionWeld | Test Coupon |
Groove: | Double Welded: Yes | No |
Single Welded Metal Fused Metal Non-Fused | Non-Metal | Open Root | Consumable Insert
Wh-Selid Bocldng Withowt Solid Backing |

Base Metal: | Specification: | SA 213, Type 304/304L | TO | SA 213, Type 304/304L | ASMEP #8,Gp1 | TO | ASMEP #8,Gp |
Plate Pipe Tube
Actual Thickness: Nominal Diameter: | Actual Diameter Overall Diameter; (0.500”
Qualified Range: Wi/Schedule: Qualified Thickness Range Wall: 0.095”
Actual Thickness Qualified Diameter Range Qualified Thickness Range: 0./90" Maximum
| Qualified Diameter Range: 0.500" Minimun
Filler: 1" Process 2™ Process
Specification: 5.9 Class: 308/308L Specification; Class:
Diameter(s): .045, 1/16, 3/32 Diameter(s):
F# ¢ F #:
Deposit Thickness: 0.095 Range Qualification: 0.790 Maximum Deposit Thickness: Range Qualification:
Welding Position: 6G If Vertical: Uphill Dewn
Gas (Type & Composition: Shielding: Argon 99.9% Root Side Backing - Argon 99.9%
Electrical Characteristics Type Current | AC | DCEPR DCEN |
Transfor GMAW | Spray | Globular | Pulse [ SherCireuit
Visual Inspection
Appearance: |  Sarisfactory | Undercut: | None | Piping Porosity: | None
Guided Bend Test
Type and Figure Results Type and Figure Results Type and Figure Results
Test Conducted by: Lab Test #: Date:
Radiographic Test
Results: Satisfactory | Per ASME IX-2007 and AWS D1.1-06
Radiographer: Alloyweld Inspection Co., Inc. | Examiner: Jennifer Anaya-Level II | Register #: 5088 | Date: 5/24/2010
Fillet Weld Test Results
Fracture Test:
{Location, Nature, and size of Crack or Tear in Specimen)
Length of Weld: | Length of Defect: | Percent of Defect
Macro Test: Fusion
Appearance: Fillet Size inch X inch | O Convex | O Concave
Test Conducted by: | Lab Test #:
Test Verified by: Roger Hiller 00362N Verification Report #5272010-2
Signature

requirements of ASME IX-2007 & AWS D1.1-06  Fermi National Accelerator Laborato

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the

By: Roger Hiller 00362N : Date:
6/16/2010
N—(}  Authorized Representative

Fermi National Accelerator Lahoratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.fnal.gov / termilab@fnal.gov
@ Cfiice of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC




g2 Fermilab  Fermi National Accelerator Laboratory

Technical Division-Machine Shop

Welder Performance Qualification Record

Welder’s Name _| Michael Cooper FNAL# | 72271 ASME# | W-7
Welding Process: | 1st |  GTAW | Type | Manual 2nd | Type
Performed in accordance with: | Fermi WPS §S-3,R4
Joint: Fillet: I ProductionWeld I Test Coupon |
Groove: | Double Welded: ¥es | No |
Single Welded: Metal-Fused Metal- NonFused | NonMetal | Open Root | Comsumablelnsest
Whth-Selid-Baddng Withour Solid Backing |
Base Metal: | Specification: | SA 372, Gr304 [ TO | 5SA312Gr304 | ASMEP#8 [TO | ASMEP#3
Plate Pipe Tube
Actual Thickness: Nominal Diameter: 4 | Actual Diameter: 4.5" Overall Diameter:
Qualified Range: Wi/Schedule: Sch. 80 Qualified Thickness Range: 0-0.674 Wall:
Actual Thickness: 0.337 Qualified Diameter Range: 2.875” minimum | Qualified Thickness Range:
Qualified Diameter Range:
Filler: 1* Process 2" Process
Specification: SFA 5.9 Class:  ER 308/308L Specification: Class:
Diameter(s): 1/16g 37320 Diameter(s):
F# 6 F #:
Deposit Thickness:  0.337” Range Qualification; 0-0.674" | Deposit Thickness: Range Qualification:
Welding Position:  6G If Vertical: Upward Dewn
Gas (Type & Composition: Shielding: Argon 99.9% Root Side Backing | Argon 99.9%
Electrical Characteristics Type Current | AC | BCEP DCEN |
Transfer GMAW |  Sorsy | Glebular | Pulse | Shor-Cireuit
For Information Only Machine Welding
Filler Metal Trade Name: Control: Q Visual Q Remote Visual
SAW Flux Trade Name: Arc Voltage Control: Q Auto Q  Other:
Shielding Gas Trade Name: Joint Tracking: Q Yes Q No
Visual Inspection
Appearance: |  Satisfactory | Undercut: | | Piping Porosity: |
Guided Bend Test
Type and Figure Results Type and Figure Results Type and Figure Results
Test Conducted by: Lab Test #: Date:
Radiographic Test
Results: Satisfactory [ Per ASME IX-2007 and AWS D1.1-06
Radiographer: Alfoyweld Inspection Co., Inc. | Examiner: Jennifer Anaya-Level II | Register #5304 | Date: 6/772010
Fillet Weld Test Results
Fracture Test:(Location, Nature, and size of Crack or Tear in Specimen)
Length of Weld: | Length of Defect: | Percent of Defect
Macro Test: Fusion
Appearance; Fillet Size inch X inch [ O Convex | @ Concave
Test Conducted by: | Lab Test#:

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of ASME IX-2007 & AWS Di.1-06¢  Fermi National Accelerator Laboratory

’Gim Gl @A«?/zp ©

Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.Q. Box 500 / Batavia, iL 60510 / 630.840.3000 / www.fnal.gov / fermilab@tnal.gov
@ Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC



FERMILAB COpY/

Welder Qualification Test Record
Welder's Name___Michael Cooper __ Ident No. 122271 Date __ 03/19/99

Welding Process__ GTAW Type_____Manual

Test in Accordance With WPS #__ES-155003 Root Open

Material Specification_ SA 53-B To Material Specification_SA 53-B

PNo_1 ToP-No__1 Thickness____.280" Diam 8"

Filler Metal Specification SFA__A5 18 _ Classification ER-70S-2 F-No_6

Thickness Deposited 280

Backing_ Argon Gas Shielding__Argon _

Position 6-G Progression Upward

Electrical Characteristics: Current DC Polarity __Straight

Thickness Qualified 560" Max _ Diameter Qualified___2-7/8" O.D and over
GUIDED BEND TEST RESULTS

Specimen No Type Figure Resuits

1 Face QW-462.3a Acceptable

2 Face QW-462.3a Acceptable

3 Root QW-462.3a Acceptabile

4 Root QW-462.3a Acceptable

Test Conducted By__IFR Engineering  Test No._ 008-09-01 Date 3/19/99

We certify that the statements in this record are correct and that the test welds were
prepared, welded and tested in accordance with the requirements of Section I1X of the
ASME Code.

By: M
Date: %:{ (94




FERMILAB  COPv/

Welder Qualification Test Record
Welder's Name__Michael Cooper Ident No.___ 122271 Date __ 03/19/99
Welding Process__ SMAW Type Manual
Test in Accordance With WPS #__ES-155000 Root Open

Material Specification__SA 53-B To Material Specification_SA 53-B
P-No__1 ToP-No__ 1 Thickness___432" Diam 6"

Filler Metal Specification SFA__A5.1__ Classification E6010/E7018 F-No__F3/F4

Thickness Deposited 432"
Backing None Gas Shielding _N/A
Position 6-G Progression Upward

Electrical Characteristics: Current DC Polarity__Reverse
Thickness Qualified 864" Max _ Diameter Qualified___2-7/8" Q.D, and over

GUIDED BEND TEST RESULTS
Specimen No Type Figure Results
1 Side Qw-462.2 Acceptable
2 Side QwW-462.2 Acceptable
3 Side Qw-462.2 Acceptable
4 Side QW-462.2 Acceptable

Test Conducted By_IFR Enginegering _ Test No. 008-09-01__ Date_3/19/99
We certify that the statements in this record are correct and that the test welds were

prepared, welded and tested in accordance with the requirements of Section 1X of the
ASME Code.

By: % M-
Date: gé?//f;f




2% Fermilab Fermi National Accelerator Laboratory

Technical Division-Machine Shop
Welder Performance Qualification Record

Welder’s Name | Michael Jeeninga FNAL# | 15566N ASME# | W-3
Welding Process: | 1st | GTAW [ Type |  Manual 2nd | Type |
Performed in accordance with: ] Fermi WPS 55-3,R4
Joint: | Fillet: [ Productien-Weld [ Test Coupon |
Groove; | Deuble Welded: Yes | No |
Single Welded: Metal-Fused Metal NonFused | Mon Metal |__Open Root | Consurmable-lnsest
With-Selid-Baelding Without Solid Backing |
Base Metal: | Specification: | SA3/2,Gr304 | TO | S4312,Gr304 | ASMEP#8,Gp. ! | TO | ASME P #8, Gp. 1
Flote Pipe Tulbe
Actual Thickness: Nominal Diameter: 4 | Actual Diameter: 4.5 Overall Diameter:
Qualified Range: Wt/Schedule: Sch. 80 Qualified Thickness Range: 0-0.674 Wall:
Actual Thickness: 0.337 Qualified Diameter Range: 2.875" minimum | Qualified Thickness Range:
| Qualified Diameter Range:
Filler: 1* Process 2" Process
Specification: SFA 5.9 Class: ER 308/308L Specification: Class:
Diameter(s): 1/16"@ 3/32°9 Diameter(s):
F#: 6 F #:
Depasit Thickness: 7.0337 Range Qualification; 0-0.674" | Deposit Thickness: Range Qualification:
Welding Position: 6G If Vertical: Upward DBewn
Gas (Type & Composition: Shielding: Argon 99.9% Root Side Backing | Argon 99.9%
Electrical Characteristics Type Current | A€ | DEER DCEN |
Transfer GMAW | Spray |  Globuler | Pulse ! Short-Cireuit
Visual Inspection
Appearance: | Satisfactory | Undercut: | None Visually Observed | Piping Porosity: | None Visually Observed
Guided Bend Test
Type and Figure Results Type and Figure Results Type and Figure Results
Test Conducted by: Lab Test #: Date:
Radiographic Test
Results: Satisfactory ] Per ASME I1X-2007 and AWS D1.1-06
Radiographer: Alloyweld Inspection Co., Inc. | Examiner: Jennifer Anaya-Level [l | Register #6469 | Date: 8/042010

Fillet Weld Test Results

Fracture Test:(Location, Nature, and size of Crack or Tear in Specimen)

Length of Weld: | Length of Defect: | Percent of Defect

Macro Test: Fusion

Appearance: Fillet Size inch X inch | O Convex | O Concave

Test Conducted by: | Lab Test #:

Test Verified by: Michael Reynolds, 03993N | Verification Report #7302010-1-MR \\X st |! P Q‘A“ a ’!
Signature \/

We certify that the statements in this record are correct and that the test welds were prepared, welded and tested in accordance with the
requirements of ASME 1X-2007 Fermi National Accelerator Laboratory

By: Roger Hiller, (0362 Date
m/ W/ 8/04/2010
v

Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, IL 60510 / 630.840.3000 / www.inal.gov / fermilab@fnal.gov
m Oflice of Science 71.S. Department of Energy / Managed by Fermi Research Alliance, LLC




Fermi National Accelerator Lab

Technical Division-Machine Shop

2= Fermilab

oratory

Welder Performance Qualification Record

Welder’s Name | Michael Jeeninga FNAL# | 15566N ASME# | w3
Welding Process: | 1st |  GTAW [ Type | Manual 2nd | Type |
Performed in accordance with: Fermi WPS-55-8-001
Joint: Eillet: | Production-Weld | Test Coupon !
Groove: | Double-Welded: Yes | No |
Single Welded: Metal-Eused Meta-NoaFused | Non-iMetal | Open Root | Consumable Insert
With-Selid Backing Without Solid Backing |
Base Metal: | Specification: | S4 273, Type 304/304L | TO | SA 213, Type 304/304L | ASME P #8,Gp1 | TO | ASMEP #8,Gp |
Plate Pipe Tube
Actual Thickness: Nominal Diameter: | Actual Diameter Overall Diameter: £.250"

Qualified Range: Wt/Schedule: Qualified Thickness Range Wall: 0.035”

Actual Thickness Qualified Diameter Range Qualified Thickness

Range: 0.070" Maximum

Qualified Diameter Range: 0.250” Minimum

Filler: 1" Process 2" Process
Specification: 5.9 Class: 308/308L Specification: Class:
Diameter(s): .03, .045, 1/16 Diameter(s):

F#: 6 F #:
Deposit Thickness: (.035 Range Qualification: 0.070 Maximum Deposit Thickness: Range Qualification:

Welding Position: 6G If Vertical: Uphill Bewn

Gas (Type & Composition: Shielding: Argon 99.9% Root Side Backing - Argon 99.9%

Electricat Characteristics Type Cumrent | AG | DCER DCEN |

TransferGMAW |  Spray | Glebular | Pulse | Shor-Cireuit

Visual Inspection

Appearance: |  Satisfactory | Undercut: | None | Piping Porosity: | None
Guided Bend Test

Type and Figure Results Type and Figure Results Type and Figure Results

Test Conducted by: Lab Test #: Date:
Radicgraphic Test

Results: Satisfactory | Per ASME 1X-2007

Radiographer: Alloyweld inspection Co., Inc. | Examiner: Jennifer Anaya-Level If | Register # 6469

| Date: 842010

Fillet Weld Test Results

Fracture Test:

(Location, Nature, and size of Crack or Tear in Specimen)
Length of Weld: | Length of Defect: | Percent of Defect
Macro Test: Fusion
Appearance: Fillet Size inch X inch | O Convex { O Concave
Test Conducted by: I Lab Test #:
Test Verified by: Roger Hiller, 00362N Verification Report #7302010-3RH

J Signature

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the

requirements of ASME IX-2007 & AWS D1.1-06  Fermi National Accelerator Laborato

Date:

By: Roger Hiller 00362N %ﬂ/ a i; g;

8/04/2010

O Authorized Representative

Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Balavia, IL 60510 / 630.840.3000 / www.fnal.gov / fermilab@fnal.gov

m Oftice of Science / U.S. Depariment of Enargy / Managed by Fermi Research Alliance, LL.C




2% Fermilab Fermi National Accelerator Laboratory

Technical Division-Machine Shop
Welder Performance Qualification Record

Welder's Name | Mike Jeeninga FNAL# |  15566N ASME# | W-3
Welding Process: [ st | Graw [ Type | Manual 2nd | Type |
Performed in accordance with: | Fermi WPS-55-9-002
Joint: Fillet: [ Produstion Weld | Test Coupon |
Groove: | Double Welded: ¥Yes | Ne |
Single Welded Metal Fused Metal NonFused | MonMetal {__Open Root | Consumable Insert
Vhaih-Solid Baeldng Without Solid Backing |
Base Metal: | Specification: | SA 213, Type 304/304L | TO | SA 213, Type 304/304L | ASMEP #3, Gp1 | TO | ASMEP #8,Gp i
Plate Pipe Tube
Actual Thickness: Nominal Diameter: | Actual Diameter Overall Diameter: 0.500"
Qualified Range: Wt/Schedule: Qualified Thickness Range Wall: 0.095"
Actual Thickness Qualified Diameter Range Qualified Thickness Range: £./90" Maximum
Qualified Diameter Range: 0.500" Minimum
Filler: 1* Process 2" Process
Specification: 5.9 Class: 308/308L Specification: Class:
Diameter(s): .043, 1/16, 3/32 Diameter(s):
F# 6 F#:
Deposit Thickness: .095 Range Qualification: 0.J90 Maximum Deposit Thickness: Range Qualification:
Welding Position.  6G If Vertical: Uphill Bewn
Gas (Type & Composition: Shielding: Argon 99.9% Root Side Backing - Argon 99.9%
Electrical Characteristics Type Current | AG | DGER DCEN
TFransferGhiiW | Spray | Globuler | Pulse [ Shor-Citoust
Yisual Inspection
Appearance: | Satisfactory | Undercut: | None | Piping Porosity: | None
Guided Bend Test
Type and Figure Results Type and Figure Results Type and Figure Results
Test Conducted by: Lab Test #: Date:
Radiographic Test
Results: Satisfactory | Per ASME IX-2007 and AWS D1.1-06
Radiographer: Alloyweld Inspection Co., Inc. | Examiner: Jennifer Anaya-Level fl | Register #: 6469 | Date: 84/2010
Fillet Weld Test Results
Fracture Test:
{Location, Nature, and size of Crack or Tear in Specimen)
Length of Weld: | Length of Defect: | Percent of Defect
Macro Test: Fusion
.Appearance: Fillet Size inch X inch | O Convex | 'O Concave
Test Conducted by: | Lab Test #:
Test Verified by: Roger Hiller 00362N Verification Report #7272010-2RH —@/
Signature

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of ASME 1X-2007 & AWS D1.1-06  Fermi National Accelerator Laborato

By: Roger Hiller 00362N Date:

) -

8/04/2010

Authorized Representative

Fermi National Accelorator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, i 60510 / 630.840.3000 / www.mal.gov / fermilab@fnal.gov
7883, Office of Science / 1.S. Department of Enargy / Managed by Fermi Research Alliance, LLC



2% Fermilab Fermi National Accelerator Laboratory

Technical Division-Machine Shop

Welder Performance Qualification Record

Welder’s Name | Ryan Mahoney FNAL# |  I5470N ASME# | w-2
Welding Process: | 1st | GTAW | Type | Manual 2nd | Type |
Performed in accordance with: | Fermi WPS CS-5-001
Joint: Eillet: | Production-Weld | Test Coupon i
Groove: | Double-Welded: Yes [ No |
Single V Groove: Bdetel-Hused et MyeTFesed | Maadiosl | Open Root__| Censumable-lnsert
Witith-Belid Dasling Without Solid Backing ]
Base Metal: | Specification: | ASME P # 1, Group 1 | TO | ASME P # I, Group |
Plate Pips Tube
Actual Thickness: Nominal Diameter: Actual Diameter: Overall Diameter: 275"
Qualified Range: Wit/Schedule: Qualified Thickness Range: Wali: 0.625"
Actual Thickness: Qualified Diameter Range: Qualified Thickness Range: Al Thickness
Qualified Diameter Range: 1" minimum
Filler: 1* Process 2" Process
Specification: SF4 5.18 Class: ER 70S8-2 Specification: Class:
Diameter(s): 1/16£13/322 1/82 Diameter(s):
F#: 6 A#: ] F #:
Deposit Thickness: 0.625" Range Qualification: A} Thickness Deposit Thickness: Range Qualification:
Welding Position: 65 If Vertical: Upward
Gas (Type & Composition: Shielding: Argon 99.99% Root Side Backing | 4rgon 99.99%
Electrical Characteristics Type Current | AC | DCER DCEN
TFransferGMAW | Spray Globular | Pulse [ ShortCireuit
For Information Only Machine Welding
Filler Metal Trade Name: Control: O Visual [ O Remote Visual
SAW Flux Trade Name: Arc Voltage Controi: | O Auto Q_ Other:
Shielding Gas Trade Name: Joint Tracking: O Yes a No
Visual Inspection
Appearance: |  Satisfactory | Undercut: | None Visible | Piping Porosity: { None Visible
Guided Bend Test
Type and Figure Results Type and Figure Results Type and Figure Results
Test Conducted by: Lab Test #: Date:
Radiggraphic Test
Results: Satisfactory | Per ASME 1X-2007 and AWS DI1.1-06

Radiographer: Alloyweld Inspection Co., Inc. | Examiner: Jennifer Anaya-Level I | Register #: 6760 { Date: 820/2010

Fillet Weld Test Results

Fracture Test:
{Location, Nature, and size of Crack or Tear in Specimen)

Length of Weld: [ Length of Defect: | Percent of Defect

Macro Test: Fusion

Appearance: Fillet Size inch X inch | O Convex [ O Concave
Test Conducted by: | Lab Test #:

We certify that the statements in this record are correct and that the test weids were prepared, welded, and tested in accordance with the
requirements of  ASME IX-2007 & AWS DL.1-06  Fermi National Accelerator Laboratory

By: 7%«/ % P . 9/01/2010

Fermi National Accelerator Laboratory / Kirk Road and Pine Street / P.O. Box 500 / Batavia, il 60510 / 630.840.3000 / www.fnal.gov / termilab@fnal.gov
m Oftice of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC



# Fermilab Fermi National Accelerator Laboratory

Technical Division-Machine Shop

Welder Performance Qualification Record

Welder’s Name | Ryan Mahoney FNAL# |  I5470N ASME# | w-2
Welding Process: | 1st | Graw [ Type [  Manual 2nd | Type |
Performed in accordance with: | Fermi WPS §S-3,R4
Joint: Eillet: | Rreduction-Weld i Test Coupon |
Groove: | Double Welded: Yes | No |
Single Welded: Metal Fused Metal Non-Fused | Nea-Metal | OpenRoor | Censumablelaser
had-Selid Basldng Withour Solid Backing |
Base Metal: | Specification: | SA3/2,Gr304 | TO | 5A312,Gr304 | ASMEP#3 | TO | ASMEP#8§
Blate Pipe Tube
Actal Thickness: Nominal Diameter: 4 | Actual Diameter: 4/5” Overall Diameter:
Qualified Range: Wt/Schedule: Sch. 80 Qualified Thickness Range: 0-0.674 Wall:
Actual Thickness: 0.337 Qualified Diameter Range: 2.875” minimuwm | Qualified Thickness Range:
[ Qualified Diameter Range:
Filler: 1* Process 2" Process
Specification: SFA 5.9 Class: ER 308/308L Specification: Class:
Diameter(s): I/16"@ 3/32" 3 Diameter(s);
F# 6 F #:
Deposit Thickness: 0.0337 Range Qualification: 0-0.674” Deposit Thickness: Range Qualification:
Welding Position: 6G If Vertical: Upward DBowa
Gas (Type & Composition: Shielding: Argon 99.9% Root Side Backing | Argon 99.9%
Electrical Characteristics Type Current | AG | BEEP DCEN |
Transfer GMAW |  Spray | Globular | Pulse | Shon-Cireuit
For Information Only Machine Welding
Filler Metal Trade Name: Control: Q Visual O Remote Visual
SAW Flux Trade Name: Arc Voltage Control; O  Auto Q  Other:
Shielding Gas Trade Name: Joint Tracking: O  Yes Q No
Visual Ingpection
Appearance: | Satisfactory | Undercut: | | Piping Porosity: |
Guided Bend Test
Type and Figure Results Type and Figure Results Type and Figure Results
Test Conducted by: Lab Test #: Date:
Radiographic Test
Results: Satisfactory | Per ASME IX-2007 and AWS D1.1-06
Radiographer: Alloyweld Inspection Co., Inc. | Examiner: Jennifer Anaya-Level I | Register # 5615 | Date: 6/18/2010
Fillet Weld Test Results
Fracture Test:(Location, Nature, and size of Crack or Tear in Specimen)
Length of Weld: | Length of Defect: | Percent of Defect
Macro Test: Fusion
Appearance: Fillet Size inch X inch | @ Convex | O Concave
Test Conducted by: | Lab Test #:

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of ASME IX-2007  Fermi National Accelerator Laboratory

By: Date:

'Z%b, el 6/18/2010

Formi National Accelerator Laboratory / Kirk Road and Pine Streel / P.O. Box 500 / Batavia, Il. 60510 / 630.840.3000 / www.fnal.gov / fermilab@fnal.gov
@' Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC




Fermi National Accelerator Lab

Technical Division-Machine Shop

2= Fermilab

oratory

Welder Performance Qualification Record

Welder’s Name | Ryan Mahoney FNAL# [  15470N ASME# | W-2
Welding Process: | 1st | GTAW ] Type | Manual 2nd | Type |

Performed in accordance with: | Fermi WPS-55-8-001

Joint: Fillet: | Produstion-Weld | Test Coupon [

Groove: | Deouble-Walded: ¥es [ No ]

Single Welded: Metal-Fused Metal-NonFused | Noa-Metal |  Open Root | Consumable Insert
ith-Selid Dacking Without Solid Backing |
Base Metal: | Specification: | SA 213, Type 304/304L | TO | SA 213, Type 304/304L | ASME P #8, Gp] | TO | ASMEP #8, Gp |
Plate Pipe Tube

Actual Thickness: Nominal Diameter: | Actual Diameter

Overall Diameter: 0.

250"

Qualified Range: Wt/Schedule: Qualified Thickness Range Wall: 0.035”

Actual Thickness Qualified Diameter Range: . Qualified Thickness

Range: 0.070" Maximum

Qualified Diameter Range: 0.250" Minimum

Filler: 1* Process 2" Process
Specification: 5.9 Class: 308/308L Specification: Class:
Diameter(s): .035,.045, 1/16 Diameter(s):
F# 6 F#
Deposit Thickness; (.035 Range Qualification: 0.070 Maximum Deposit Thickness: Range Qualification:
Welding Position: 6G If Vertical: Uphill Dows
Gas (Type & Composition: Shielding: Argon 99.9% Root Side Backing - Argon 99.9%
Electrical Characteristics Type Current | AC | DCEN |
Transfer GMAW | Spray |  Globulas | Pulse | Sk Thrsait
Visual Inspection
Appearance: | Satisfactory | Undercut: | None | Piping Porosity: | None
Guided Bend Test
Type and Figure Results Type and Figure Results Type and Figure Results
Test Conducted by: Lab Test #: Date:
Radiographic Test
Results: Satisfactory | Per ASME [X-2007
Radiographer: Alloyweld Inspection Co., Inc. | Examiner: Jennifer Anaya-Level I | Register # 5615 | Date: 6/18/2010

Fillet Weld Test Results

Fracture Test:
{Location, Nature, and size of Crack or Tear in Specimen)

Length of Weld: | Length of Defect: | Percent of Defect
Macro Test: Fusion
Appearance: Fillet Size inch X inch | O Convex | O  Concave
Test Conducted by: | Lab Test #:
Test Verified by: Roger Hiller, 00362N Verification Report #5/12010-2RH
Signature

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in
requirements of ASME IX-2007 & AWS D1.1-06  Fermi National Accelerator Laborato

accordance with the

Date:

By: Roger Hiller 00362N 3 /s E; : t Eg

6/18/2010

Authorized Representative

Fermi Natlonal Accelerator Laboratory / Kirk Road and Pine Strest / P.O. Box 500 / Batavia, IL 60510 / §30.840.3000 / www.inal.gov / fermitab@ifnal.gov

'8, Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC




2% Fermilab Fermi National Accelerator Laboratory

Technical Division-Machine Shop

Welder Performance Qualification Record

Welder’s Name | Ryan Mahoney FNAL# |  15470N ASME# | w2
Welding Process: [ 1st | GTAW [ Type | Marnual 2nd | Type |
Performed in accordance with: | Fermi WPS-55-9-002
Joint: Eillet: [ Production-Weld | Test Coupon |
Groove: | Double Welded: ¥Yes | No |
Single Welded Metal Bused Metal Mon-Fused | MNon-Metal | Open Roor | Consumable Insert
With-Solid Backing Without Solid Backing |

Base Metal: | Specification: | SA 213, Type 304/304L | TO | SA 213, Type 304/304L | ASME P #8, Gp 1 | TO | ASME P #8, Gp |
Plate Pipe Tube
Actual Thickness: Nominal Diameter: | Actual Diameter Overall Diameter: 0,500”
Qualified Range: Wt/Schedule: Qualified Thickness Range | Wall: 0.095”
Actual Thickness Qualified Diameter Range Qualified Thickness Range: 0.790" Maximum
Qualified Diameter Range: 0.500” Minimum
Filler: 1* Process 2™ Process
Specification: 5.9 Class: 308/308L Specification: Class:
Diameter(s): .045, 1/16, 3/32 Diameter(s):
Fi# 6 F #:
Deposit Thickness: 0.095 Range Qualification: 0.790 Maximum Deposit Thickness: Range Qualification:
Welding Position: 6G If Vertical: Uphill Dewa
Gas (Type & Composition: Shielding: Argon 99.9% Root Side Backing - Argon 99.9%
Electrical Characteristics Type Current | AC | DCEP DCEN |
TransferGMAW |  Spray |  Globular | Pulse | Shor-Cireuit
Visual Inspection
Appearance: | Satisfactory | Undercut: | None | Piping Porosity: | None
Guided Bend Test
Type and Figure Results Type and Figure Results Type and Figure Results
Test Conducted by: Lab Test #: Date:
Radiographic Test
Results: Satisfactory | Per ASME 1X-2007 and AWS D1.1-06
Radiographer: Alloyweld Inspection Co., Inc. | Examiner: Jennifer Anaya-Level Il | Register # 5615 | Date: 671872010
Fillet Weld Test Results

Fracture Test:
(Location, Nature, and size of Crack or Tear in Specimen)

Length of Weld: [ Length of Defect: | Percent of Defect
Macre Test: Fusion
Appearance: Fillet Size inch X inch | O Convex [ O Concave
Test Conducted by: | Lab Test #:
Test Verified by: Roger Hiller 00362N Verification Report #5272010-2
Signature

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the
requirements of ASME IX-2007 & AWS D1.1-66  Fermi National Accelerator Laborato,

By: Roger Hiller 00362 - Date:
m WQ“‘ 6/18/2010
Q

Authorized Representative

Fermi Natlonal Accelerator Laboratory / Kirk Road and Pine Street 7 P.O. Sox 500 / Batavia, IL 60510 / 630.840.3000 / www.fnal.gov / fermilab@fnal.gov
@ Office of Science / U.S. Department of Energy / Managed by Fermi Research Alliance, LLC



7. Inspection Plan / Examiners Report




In accordance with ASME 31.3 code for process piping, in process weld
inspection was performed on a minimum of 5% of all circumferential welds performed

by each welder. The “in process weld inspection” forms are appended in the following

pages.



4.12.10

PPD Mechanical
In-Process Weld Inspection Form

(as per In-Process Weld Inspection Guidelines, AD Cryogenics, Nov 3, 2006)
Date /4 =7~ /O Project: _L/XELS (JPERADE (O COOL VG
ipe Section: 4.1 Weld Number: & 7, 3, 4

LL/LZL.///I)-‘

Weld location: __ /AL e 4
elder: 452 _grevity/)  Inspector: _( L0 Dovees TIEM (@

Before Welding:

W= ITEAC) to G

Type of weld: (butt)_ X (other_______ ITE/"/@) v @]

(1) Pipe #1 Size, Schedule and material: _ /[ %2 Sc # /05 PIPE
(2) Pipe #2 Size, Schedule and material: _( /2~ Sc# OS5 Ao

(1) Joint Preparation and Cleanliness .
Joint Preparation and Cleanliness acceptable? Jf £9g

(2) Welding Machine

(a) Remote foot pedal? ]
(b) DC straight machine? 2

(3) Joint Fit-up, and Internal Alignment. >
(a) Internal alignment acceptable? £ <~

(b) Joint Clearance acceptable? Y EF
(c) End Preparation acceptable? YEL
(4) Filler Rod 1)
(a) AWS A5.9 stainless steel filler rod? ://: s g o,
(b) Filler rod: Class ___30AL Diameter__. 045 A4 Vi

(5) Purge Gas. A
(a) type of purge gas : AR oV
(b) time length of purge: _4s A'Cepcd purge flow rate:_ [ O SCFH___

(b) (if done) O2 reading: __g@7 02 Monitor manf/model : < 4EC&-~ww iy p

(6) Inspection After Root Pass
(a) No visible cracks. e
(b) No suck holes, which are small holes in middllw/eld.
(c) No porosity or obvious imperfections.
(d) Filler material fused along edges of weld . —

L

L

(8) Repeat inspection after every pass:

(9) Final Inspection: G000




4.12.10

PPD Mechanical

In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, AD Cryogenics, Nov 3, 2006)

Date_j /7~ |0 Project: [/XE/ S

UL G R 4£E Co? Cop 2 /2L

Pipe Section: __4 -] O

Weld Number:_%/, 5 6/, 20731504

Weld location: /AR

Welder: /{/AZ T £4/7:/ Inspector: _COSONNVEPEZ WE L«ﬂ s

w-3

. I-7 [ L/ /éﬂ
Before Welding:
Type of weld: (butt) .Qg (other)

(1) Pipe #1 Size, Schedule and material: __/ " s c// /s 0 7
(2) Pipe #2 Size, Schedule and material: /5. sc/# 10 < £

(1) Joint Preparation and Cleanliness

Joint Preparation and Cleanliness acceptable?

(2) Welding Machine o
(a) Remote foot pedal? _ £ ¢

0\

W

/

)l/;T,
i*\\
R
.
D)

~

Ve s

AN

‘//

(b) DC straight machine? {25

(3) Joint Fit-up, and Internal Alignment.
(a) Internal alignment acceptable?
(b) Joint Clearance acceptable?

(e 5
Fes5

YL S

(c) End Preparation acceptable?

(4) Filler Rod

(a) AWS A5.9 stainless steel filler rod? /5

b) Filler rod: Class 0% 2 Diameter_, 295 #» ',
f

(5) Purge Gas.

(a) type of purge gas : MR b0t/

AEELEL  purgeflowrate: /(P SCFH__

(b) time length of purge: _ 5

(b) (if done) O2 reading: __ . & 7 O2 Monitor manf/model : L AECK - = 2)

(6) Inspection After Root Pass 7

—

(a) No visible cracks.

(b) No suck holes, which are small holes in middle of weld.

(c) No porosity or obvious imperfections.
(d) Filler material fused along edges of weld .

(8) Repeat inspection after every pass:

- —
—

(9) Final Inspection: __ (~00 /)



4.12.10

PPD Mechanical

In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, AD Cryogenics, Nov 3, 2006)

Date_ /o) /4~ (& Project: PILEes U PeoH -  co ((l()( > C/OC
Pipe Section: bz Weld Number: 22,2 5 | 2 Qﬁ/ / S
Weld location: /1’//6

Welder:_/7/k= JEEzvva Inspector: 1) DVVYRNTE =

w-3
Before Welding:
Type of weld: (butt) QQ (other)____ _ .
(1) Pipe #1 Size, Schedule and material: L8 _ SckH 103
(2) Pipe #2 Size, Schedule and material: e Scltt 12 S

(1) Joint Preparation and Cleanliness ¢
Joint Preparation and Cleanliness acceptable? ‘;/E )

(2) Welding Machine _
(a) Remote foot pedal? ﬁ’% 4
(b) DC straight machine? _ 4"/~ ¢
(3) Joint Fit-up, and Internal Alignment.
(a) Internal alignment acceptable? fff ¢

(b) Joint Clearance acceptable? f/ (=1 ’
(c) End Preparation acceptable? ¢ ¢

(4) Filler Rod
(a) AWS A5.9 stainless steel filler rod? }/ £S5
(b) Filler rod: Class __ 3p %< Diameter - 245 7" /J

(5) Purge Gas. N /5 7
(a) type of purge gas : /4&) /‘ g A
(b) time length of purge: __ A5 /£ purge flow rate:. /(”  SCFH___
(b) (if done) O2 reading: _ 2 ¢ O2 Monitor manf/model : CHECA ~ (o~ & )

(6) Inspection After Root Pass (/
(@) No visible cracks. l

(b) No suck holes, which are small holes in middle of weld.
(c) No porosity or obvious imperfections. il
(d) Filler material fused along edges of weld . c—

(8) Repeat inspection after every pass: [ & <

(9) Final Inspection: __ &~



4.12.10

PPD Mechanical

In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, AD Cryogenics, Nov 3, 2006)

Date_{2 =I5 /0 _Project: L/XF7 < VP CRADIZ CO™* coocrep

Pipe Section: A7 Weld Number: 2 7.6, 7 o WELLS

Weld location: __ /44 LTEM(Q 7@

Welder:/11/[£ T £L£2//iAnspector: _( A DV
w-3
Before Welding:

Type of weld: (butt) (X (other)
(1) Pipe #1 Size, Schedule and material: @& +~ sc/A [0 5

(2) Pipe #2 Size, Schedule and material: | = SeH (p s
(1) Joint Preparation and Cleanliness
Joint Preparation and Cleanliness acceptable? f/ EJS

(2) Welding Machine

(a) Remote foot pedal? _ [~ ¢
(b) DC straight machine? _Y = ¢

(3) Joint Fit-up, and Internal Alignment. )
(a) Internal alignment acceptable? 5/ E S
(b) Joint Clearance acceptable? ___ ¢ = 5
(c) End Preparation acceptable? Y £ §

(4) Filler Rod /
(a) AWS A5.9 stainless steel fillerrod? ('€ 5 ey,
(b) Filler rod: Class 206t Diameter__. 245 v~ /14

(5) Purge Gas. ‘
(a) type of purge gas : ARG2V )
(b) time length of purge: _#4 5 4"z e/F8) purge flow rate: [ (2 SCFH___
(b) (if done) O2 reading: __: @ % 02 Monitor manf/model : C/Eck ~ wEe 29

(6) Inspection After Root Pass /
(a) No visible cracks.
(b) No suck holes, which are small holes in middle of weld. c—
(c) No porosity or obvious imperfections.
(d) Filler material fused along edges of weld .

4/

T

(8) Repeat inspection after every pass:

(9) Final Inspection: Gop ¥




4.12.10

PPD Mechanical

In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, AD Cryogenics, Nov 3, 2006)

Date [2=8/0 Project: LIXELS _VPIRANS COCrpe 14/
Pipe Section: _4 2 Weld Number: .4, (o, (/
Weld location: ___ MA/ WELDS
elder: M//AF T Z£4 /¢4 ]Inspector: _ ©OTDO NV N &2 Ire C ﬁﬁ"//
w-3 ol )
Before Welding: ﬁ/ '4@
Type of weld: (butt) Y (other) @M‘ ‘)

(1) Pipe #1 Size, Schedule and material: _ [/, "' srpy [0 s /A2~
(2) Pipe #2 Size, Schedule and material: [ 2" sct/ 10  EL6pw ¢ rmrz=

(1) Joint Preparation and Cleanliness ; B
Joint Preparation and Cleanliness acceptable? 5//’ 0

(2) Welding Machine -
(a) Remote footpedal? 7T L5

(b) DC straight machine? _Y/Z5 YEY

(3) Joint Fit-up, and Internal Alignment. P
(a) Internal alignment acceptable? 7E5

(b) Joint Clearance acceptable? =4
(c) End Preparation acceptable? __ 7£¢
(4) Filler Rod _ ~
(a) AWS A5.9 stainless steel filler rod? __ = 5 D
(b) Filler rod: Class __ 70 %/ Diameter_ 075 /774

(5) Purge Gas. , ,
(a) type of purge gas : /4&Q G oA/
(b) time length of purge: _ /75 A'EEDEL) purge flow rate:__ [ () SCFH___
(b) (if done) O2 reading: __« © % 02 Monitor manf/model : CHECK ~ i v 70

(6) Inspection After Root Pass
(a) No visible cracks.

(b) No suck holes, which are small holes in middle of weld. <
(c) No porosity or obvious imperfections. e
(d) Filler material fused along edges of weld . “—

—

(8) Repeat inspection after every pass:

(9) Final Inspection: Goep




CMS CO; Test Stand

In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date: 2 / ?/ [/ Project: CMS CO, Test Stand
Pipe Section: 4 3 Weld Number: // 33 f > 745 1Y
Weld Locatlo :

Welder: T!,,f( ﬁ;ﬂ/ Inspector: 4’/4/4/{7 /jjx#

Before Welding:
Type of weld: (butt) <~ -/ (other)

//
(1) Pipe #1 Size, Schedule and Material: \5’7/,”14}} / /
(2) Pipe #2 Size, Schedule and Material: ﬂf,, y v
(1) Joint Preparation and Cleanliness [/
Joint Preparation and Cleanliness acceptable? 7S5

(2) Welding Machine
(a) Remote foot pedal?

(b) DC straight machine?

(3) Joint Fit-up, and Internal Alignment
(a) Internal alignment acceptable? _

(b) Joint clearance acceptable?
(c¢) End preparation acceptable?

(4) Filler Rod /
(a) AWS AS5.9 stainless steel ﬁller rod?

(b) Fillerrod:  Class 40% L Diameter _ ' /s Ji

(5) Purge Gas
(a) type of purge gas: o

(b) time length of purge: 772 purge flow rate: / [)/ S

(6) Inspection After Root Pass )
(a) No visible cracks. N
(b) No suck holes, which are ich are small holes in middle of weld. A/ l

(¢) No porosity or obvious imperfections: £/ l/ '
(d) Filler material fused along edges of weld.

»

(7) Repeat inspection after ev ass: Z)
(8) Final Inspection: (/ A/

P



CMS CO; Test Stand
In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date: Z/ ZZ/ (( Project: CMS CO, Test Stand
s J #5409
Pipe Section: AS Weld Number: #Hq 4p #10
Weld Location: (A2 F / L4 C £10 4o !
Welder: M'./C % /‘éo']ﬂ v~ Inspector: /7
Before Welding: - <
Type of weld: (butt) / (other)

(1) Pipe #1 Size, Schedule and Material: 7 o Sch.d )l 1D
(2) Pipe #2 Size, Schedule and Material: 7" $clotiie 10 Elbow)
(1) Joint Preparation and Cleanliness

Joint Preparation and Cleanliness acceptable? ;;Z(S S

(2) Welding Machine
(a) Remote foot pedal? \(IS
(b) DC straight machine? \ )

(3) Joint Fit-up, and Internal Alignment
(a) Internal alignment acceptable? Y ¢¢
(b) Joint clearance acceptable? ?5
(c) End preparation acceptable? €

(4) Filler Rod
(a) AWS A5.9 stainless steel filler rod? /£ 4

(b) Fillerrod: Class 203 [ Diameter é{gk/

(5) Purge Gas
(a) type of purge gas: Arqon _
(b) time length of purge: ~ Z mun purge flow rate: 70 /Srjf
(6) Inspection After Root Pass
(a) No visible cracks. 0
(b) No suck holes, which are small holes in middle of weld, A/2
(c) No porosity or obvious imperfections: )

(d) Filler material fused along edges of weld. -

(7) Repeat inspection jﬁ every pass: \l;/( S
(8) Final Inspection: & ,M~ T\\/
@




CMS CO; Test Stand
In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date: Q/ZZ/ / Project: CMS CO, Test Stand
' | N Thm® 44
Pipe Section: ﬂ -l Weld Number: # 540
#t6 fo F

Weld Location: (A& F//
| / AgC ﬂ/ ?\
Welder: M K ( M(/' Inspector: Wi’aéow _J»(QS}

Before Welding:
Type of weld: (butt) / (other)
(1) Pipe #1 Size, Schedule and Material: 5410/({[( / 0

(2) Pipe #2 Size, Schedule and Material: [ égé qf/jﬂ 10 f/ bow

(1) Joint Preparation and Cleanliness
Joint Preparation and Cleanliness acceptable? e %

(2) Welding Machine -
(a) Remote foot pedal? (5
(b) DC straight machine?

(3) Joint Fit-up, and Internal Alignment
(a) Internal alignment acceptable? "7

(b) Joint clearance acceptable? A.y*L
(c) End preparation acceptable? <)/ <
(¥
(4) Filler Rod P "

(a) AWS A5.9 stainless steel filler rod? Jg i
(b) Fillerrod:  Class _20% L Diameter [ //(

(5) Purge Gas
(a) type of purge gas: oV

(b) time length of purge: ZM/-” purge flow rate: 2 /9/5

(6) Inspection After Root Pass
(a) No visible cracks.

(b) No suck holes, which are small holes in middle of weld. /(/ %
(¢) No porosity or obvious imperfections: 0
(d) Filler material fused along edges of weld.

(7) Repeat inspection after every pass

s
(8) Final Inspection: ‘}4 L)‘/ﬂ Ya J/\

(/




CMS CO, Test Stand
In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date: /2 -17- 20// Project: CMS CO, Test Stand
Pipe Section: A€§ m=- 5 Weld Number: # 0 ﬁ:q
Weld Location: PC H

Welder: R\i,cy\. ( \I—SQ Inspector: E & Z/O// 1A
Before Welding:

Type of weld: (butt) % (other) .
(1) Pipe #1 Size, Schedule and Material: _ adrefdils (0 .57 0" lows
(2) Pipe #2 Size, Schedule and Material: _ schadds® 1D |.6" 4p (" rNduesr

(1) Joint Preparation and Cleanliness
Joint Preparation and Cleanliness acceptable? }/ 2 <

(2) Welding Machine

(a) Remote foot pedal? Yz:’ S
(b) DC straight machine? Ve €

(3) Joint Fit-up, and Internal Alignment
(a) Internal alignment acceptable? Ve
(b) Joint clearance acceptable? Y«

(c) End preparation acceptable? Yes

(4) Filler Rod
(a) AWS A5.9 stainless steel filler rod? YJZA

(b) Fillerrod:  Class 2 0gl_ Diameter /| /(£ "

(5) Purge Gas
(a) type of purge gas: 4'/—
(b) time length of purge: & mwn, purge flowrate:  JO sc€\n

(6) Inspection After Root Pass

(a) No visible cracks. _L

(b) No suck holes, which are small holes in middle of weld. / 0
(¢) No porosity or obvious imperfections:
(d) Filler material fused along edges of weld. —

(7) Repeat inspection after every pass: y [ b2

(8) Final Inspection: _- @—m




CMS CO, Test Stand
In-Process Weld Inspection Form
(as per In-Process Weld Inspection Guidelines, NML Cryogenic System, 9/29/06)

Date: [ -7 - 301l Project: CMS CO, Test Stand
Pipe Section: _Asem — X Weld Number: ﬁﬁ/é Yo 'i//
Weld Location: ¥t .

Welder: Rt{écw\ (‘_\A)‘Q.\] Inspector: E | k VO! C UL
Before Welding:

Type of weld: (butt) >< (other)

(1) Pipe #1 Size, Schedule and Material: VA Hahedste \O 459 ebswd

(2) Pipe #2 Size, Schedule and Material: Y2 "' schodule (O q0° oo v
(1) Joint Preparation and Cleanliness

Joint Preparation and Cleanliness acceptable? Ye <

(2) Welding Machine
(a) Remote foot pedal? Ves
(b) DC straight machine? Y& g

(3) Joint Fit-up, and Internal Alignment
(a) Internal alignment acceptable? ‘(w

(b) Joint clearance acceptable?
(c) End preparation acceptable?

(4) Filler Rod
(a) AWS A5.9 stainless steel filler rod? {M

(b) Fillerrod:  Class 707 Diameter /4 4

(5) Purge Gas
(a) type of purge gas: 4 r .
(b) time length of purge: 2 m/quwiley purge flow rate: /0 &¢ (AN

(6) Inspection After Root Pass
(a) No visible cracks. £
(b) No suck holes, which are small holes in middle of weld. A0
(c¢) No porosity or obvious imperfections: AP
(d) Filler material fused along edges of weld. —

(7) Repeat inspection after every pass: / o

AR e

(8) Final Inspection: — —e




8. Component Identification




Process and Instrument diagram:

The process and instrument diagram is on drawing 9212.750-ME-466879, and

also included on the following page. This diagram is followed by the valve and

instrument list.

Piping components:

Drawings and lists of each piping run including all fittings and their pressure

ratings are included following the valve and instrument list. Purchase requisition forms

are included as well.

The system contains 4 flex hoses rated to a minimum of 1200 psi. The purpose of
these hoses is to allow the pump to vibrate more freely, and attached to unknown
detector attachments. The braided hoses are two at 1.5 x 60 (to and from
detector), one at 1.5 x 12” (pump inlet), and one at 1.5 x 16” (pump outlet). The
hoses were purchased from Janco Process Control.

The Valves used in the system are stainless steel valves rated to 1480 psi. The
valves are Sharpe series 99 valves.

Strainers are class 600 strainers manufactured by Keckley, they are rated for 1480
psi

The check valves are cryogenic swing type check valves class 600 rated

The manual control valve is a Triad valve rated to 2000 psi

Flanges are class 600 rated

Hart Unions are rated to 3000 psi

Descriptions / specifications follow the piping drawings.



Appendix B
Equipment Documentation

Flex Hoses (Req Attached)
o Pressure Flex hoses have a MAWP of 1200 psi, and a burst pressure of 4842 psi.
=  http://www.hosemaster.com/products/corrugatedmetalhoses/hose.php?id=7
o Hydra Flex hoses have a MAWP of at least 1500 psi, and a burst pressure of at least
6000 psi.
= http://www.hosemaster.com/products/corrugatedmetalhoses/hose.php?id=11

Sharpe Valves (Req Attached)
o The 99 series Sharpe Valves have a pressure rating of at least 1480 psi
= http://www.sharpevalves.com/pdfs/series 99.pdf

1%2” Control Valve (Req Attached)
o This Valve has a pressure rating of 2000 psi.
= http://www.triadprocess.com/pdf/Triad66FD.pdf

Strainers (Req Attached)
o The Keckley Brand Strainers have a class rating of 600 (1480 psi)
= http://www.keckley.com/pdf/downloads/Style%20SSB-7.pdf

Check Valves (Req Attached)
o The Velan Brand Check Valves are Class 600 rated (1480 psi)
= http://www.velan.com/velan/en/products/16/31/?product_id=64

Flanges (Req Attached)
o Flanges are all ASME Class 600 rated (1480 psi)
= Purchased from Janco Process Control
= Orifice Flange purchased from Specialty Flange and Fitting

Sight Glasses (Req Attached)
o MetaGlass sight glasses are rated to 1450 psi per Distributor. This value is stated on
purchase requisition as well.
=  Purchased from Chemray

Instruments (Req Attached)
o Fuji Differential Pressure Transmitters are rated for at least 1450 psi
= http://www.instrumart.com/assets/108/FKCnew_datasheet.pdf
o Setra SC207 Pressure Transmitters have a range of 0-3000 psig, which shows their
MAWEP is at least 3000 psi.

PageB1 of B2



Unions (Req Attached)
o Unions are Rated at 3000 psi and were purchased from Hart Industries
= http://www.hartindustries.com/images/HART%203333%20Union%20Technical %20
Data%20Sheet_1.pdf

Pipe (Req Attached)
o Piping is all 304/304L Schedule 10 Stainless and which complies with ASTM Standards.
Piping was purchased from RJ Keck.
= Material mill reports are available.

Studs and Nuts (Req Attached)
o Grade A320 Grade B7 studs are used throughout the system. They comply with the
temperature range and pressures involved. They were purchased from Fastenal.
= Heavey Hex Nuts used with all studs.

Gaskets (Req Attached)

o High Quality Dual solid metal ring gaskets are used throughout the system. They were
Purchased from Flexitallic

Page B2 of B2
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Assembly 1

Pipe size | Piece# Description Length shown end 1 end 2 MAWP (psi)
1.5 1 6004# flange 0.875" 1480
1.5 2 Pipe 1.88 SW-flange SW- valve 2000
1.5 3 Valve 5 1480
1.5 4 Pipe 1 SW- valve Butt-elbow 2000
1.5 5 elbow r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 6 Pipe 40.44 Butt-elbow | Butt-elbow 2000
1.5 7 elbow r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 8 Pipe 30.85 Butt-eloow | Butt-elbow 2000
1.5 9 elbow r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 10 Pipe 183.35 Butt-elobow | Butt-elbow 2000

1 10.1 Saddle fitting 3000
1 10.2 relief valve 10000 psi burst
1 10.3 fitting 1 3000
1 10.4 Pipe 16 Butt Fitting | Butt elbow 3000
1 10.5 elbow 1.5 Butt-Pipe 3000
1.5 11 elbow r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 12 Pipe 2.88 Butt-elbow SW-flange 2000
1.5 13 6004# flange 0.875" 1480




Assembly 2

Pipe size | Piece# Description Length shown end 1 end 2 MAWP (psi)
1.5 1 6004# flange 0.875" 2000
1.5 2 Pipe 8.52 SW-flange Butt-Tee 2000
1.5 3 Tee r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 4 Pipe 5.19 Butt-Tee Butt-Flex 2000
0.5 4.1 Pipe saddle 1/2" FW to piece 4 | .5" Threaded 3000
0.5 4.2 threaded nipple 4.1 4.3 3000
0.5 4.3 1/2" valve 4.2 4.4 1480
0.5 4.4 1/2" pipe plug 43 3000

0.25 4.5 Pipe saddle 1/4" FW to piece 4 for PDT 3000
1.5 5 Flex Hose 12 Butt-Pipe 1500
1.5 6 Strainer 5.5 inches 1480
1.5 7 Pipe 166.125 Butt-Tee Butt-Pipe 2000
1.5 8 Tee r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 8.1 SW coupling SW Tee Thermowell 3000
1.5 8.2 thermowell TW30-1-1/2-1L4-S5316 20000
1.5 9 Pipe 40.44 Butt-elbow Butt-elbow 2000
1.5 10 elbow r=2.25 Butt-Pipe Butt-Pipe 2000
1.5 11 Pipe 1 Butt-elbow SW- valve 2000
1.5 12 Valve 5 1480
1.5 13 Pipe 0.9 SW- valve SW-flange 2000
1.5 14 6004 flange 0.875" 1480




Assembly 3 - out of pump

Pipe
sife Piece# Description Length shown end 1 end 2 MAWP (psi)
15to1 1 Flex Hose 16-5/16 Butt-Elbow 1500
1.1 Pipe saddle 1/4" Piece 1 reducer tp PDT 3000
2 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
3 Pipe 9.06 Butt-elbow Butt-elbow 3000
elbow r=1.5 Butt-Pipe Butt-Pipe 3000
SwW
5 Pipe 5 Butt-elbow strainer 3000
6 check valve 5 1480
Pipe 120.29 SW strainer Butt-Tee 3000
Relief

7.1 Pipe saddle 1" ~57" from CV Piece 7 valve 3000

1 7.2 relief valve 10000 psi burst
1 7.3 fitting 1 3000
1 7.4 Pipe 16 Butt Fitting Butt elbow 3000
1 7.5 elbow 1.5 Butt-Pipe Outside 3000
1 8 Tee r=1.5 Butt-Pipe Butt-Pipe 3000
1 9 Pipe 62.54 Butt-Tee Butt-elbow 3000
1 10 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 11 Pipe 282.16 (two Butt-elbow Butt-Pipe 3000
1 11.1 Pipe pieces) Butt-Pipe Butt-elbow 3000
1 12 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 13 Pipe 158.55 Butt-elbow Butt-elbow 3000
1 14 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 15 Pipe 92.88 Butt-elbow Butt-elbow 3000
1 16 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 17 Pipe 1.68 Butt-elbow Butt-elbow 3000
1 18 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 19 Pipe 3 Butt-elbow SW Union 3000
1 20 TE Union TE 2.25/2 Piece 19 (to Assm 5) 3000




Assembly 4 - out of Pump Pipe back to vessel dead head line

Pipe Length MAWP
size Piece# Description shown end 1 end 2 (psi)
1lto Butt T Butt-
.75 1 reducer 2 (Assm3) reducer 3000
.751to
.5 2 reducer 1.5 Butt-reducer Butt-Pipe 3000
0.5 3 Pipe 58.75 Butt-reducer | Butt-elbow 3000
0.5 4 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
0.5 5 Pipe 18.09 Butt-elbow Butt-elbow 3000
0.5 6 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
0.5 7 Pipe 58.57 Butt-elbow Butt-elbow 3000
0.5 8 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
0.5 9 Pipe 22.5 Butt-elbow Butt-elbow 3000
0.5 10 elbow r=1.5 Butt-Pipe Butt-elbow 3000
0.5 11 45 degree elbow r=1.5 Butt-elbow Butt-Pipe 3000
0.5 12 Pipe 10 Butt-elbow SW Union 3000
0.5 13 hart union 2 3000
0.5 14 Thrd Pipe (cutin1/2) 2.5 SW union Valve 3000
reduc
0.5 15 1/2" valve 2.78 Thrd Pipe nipple 1480
.S5to vessel port
.75 16 reducing nipple 0.25 valve 1 6600




Assembly 5 - into cleanroom

Pipe size | Piece# Description Length shown end 1 end 2 MAWP (psi)
1 1 Union NUT END 2.25/2 (to Assm 3) piece 2 3000
1 2 Pipe 12.55 3000
1 3 elbow Butt-Pipe Butt-Tee 3000
1 4 Tee Butt-Elbow Butt-Pipe 3000
1 4.1 1" Valve 4.22 1480
1 4.2 Pipe 1 3000
1 4.3 Flange 1480
1 4.4 Blind Flange 1480
1 5 Pipe 5.015 Butt-Tee SW-Valve 3000
1 6 Valve 4.22 1480
1 7 Pipe 5.015 SW-Valve Butt-Tee 3000
1 8 Tee r=1.5 Butt-Pipe Butt-Pipe 3000
1 8.1 1" Valve 4.22 1480
1 8.2 Pipe 1 3000
1 8.3 Flange 1480
1 8.4 Blind Flange 1480

1to1.5 9 reducer to 1.5 L=2.5 Butt-Tee Butt-elbow 2000

1.5 10 elbow r=2.25 Butt-Reducer Butt-Pipe 2000
1.5 11 Pipe 0.4 Butt-elbow SW-flange 2000
1.5 12 6004# flange 0.875"+.25" 1480




Assembly 6 - return line 1

Pipe size | Piece# Description Length shown end 1 end 2 MAWP (psi)
1.5 1 flange 1.125 Vessel 1480
1.5 2 Pipe 1 SW flange SW valve 2000

5 3 valve 5 1480
15to1 4 reducer 2.5 SW Valve Butt-Pipe 2000
1 5 Pipe 12.625 Butt-Reducer | Butt-elbow 3000
1 6 elbow 1.5 3000
1 7 Pipe 263 Butt-elbow SW Union 3000

1to 3/4 7.1 saddle ftng (3/4) relief Valve 3000

.75 7.2 relief valve 2000
1 7.3 fitting 1 3000
1 7.4 Pipe 63 Butt Fitting Butt elbow 3000
1 7.5 elbow 1.5 Butt-Pipe Outside 3000
1 8 SW union Thrd End (Assm 8) 3000




Assembly 7 - return line in cleanroom

Pipe
size Piecett Description Length shown end 1 end 2 MAWP (psi)
1 1 Union NE 2.25/2 Piece 19 (to Assm 8) 3000
1 2 Pipe 8.82 SW union | Butt - elbow 3000
1 3 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 4 Pipe 4.81 Butt-eloow | Butt-elbow 3000
1 5 elbow r=1.5 Butt-Pipe Butt-Pipe 3000
1 6 Pipe 3.6 Butt-elbow | Butt-elbow 3000
Butt-
1 7 elbow r=1.5 Butt-Pipe Reducer 3000
1to
1.5 8 Reducer 25-.5 Butt-elbow SW-CV 2000
1.5 9 Check-Valve 5 reducer reducer 1480
1.5to
1 10 Reducer 25-5 SW-CV Butt-Pipe 2000
Butt-
1 11 Pipe 17.05 Reducer SW-Valve 3000
.5" 11.1 saddle fitting pipe 11 (toassm 9) 3000
1 12 1" Valve 4.22 pipe 11 pipel3 3000
1 13 Pipe 1 SW-Valve Butt-elbow 1480
1 14 Elbow r=15" Butt-Pipe Butt-Pipe 3000
1lto
1.5 15 reducer 2.5 Butt-elbow Butt-Pipe 2000
. Butt -
1.5 16 Pipe 9.375 reducer SW-Valve 2000
1.5" 16.1 saddle fitting | 2" from reducer 3000
1.5" 16.11 sight glass 1450
1.5" 16.2 saddle fitting | 2" from reducer 3000
1.5" 16.21 sight glass 1450
.5" 16.3 saddle fitting | 4.75" from reducer 3000
0.5 16.31 nipple 3000
0.5 16.32 Valve 1480
Sto
.25 16.33 bushing 3000
0.25 16.34 | Pressure Trans 3000
5" 16.4 saddle fitting | 7.25" from reducer relief valve 3000
0.5 16.41 relief valve 10000 psi burst
1.5 17 Valve 5 pipe 16 Pipe 18 1480
1.5 18 Pipe 1.5 SW-Valve Butt Tee 2000
25" 18.1 saddle fitting 3000
Butt pipe
1.5 19 Tee 18 Butt Tee 20 3000
1.5 19.1 Coupling Tee 20 Thermowell 3000




1.5 19.11 Thermowell 20000
1.5 20 Tee Butt Tee 19 | Valve (up) 3000
1.5 20.1 Valve Tee 19 Pipe 19.2 1480
1.5 20.11 Pipe SW valve SW flange 3000
end of pipe
1.5 20.12 flange 19.2 1480
1.5 20.13 blind flange 1480
45 degree
1.5 21 elbow Butt Tee 20 2000
1200 (4842
1.5 22 Flex Pipe Butt elbow Butt Pipe Burst)
1.5 23 Pipe Butt Flex SW Flange 2000
0.375 24 saddle fitting 3000
0.375 24.1 Nipple 3000
0.375 | 24.11 Valve 1480
0.375 | 24.12 plug 3000
1.5 25 Flange 1480




Assembly 8 - return line

Pipe size | Piece# Description Length shown end 1 end 2 MAWP (psi)
1 1 Union Nut End (Assm 6) 3000
1 2 Pipe 113.87 Butt-pipe Butt-elbow 3000
1 3 elbow Butt-Pipe Butt-Pipe 3000
1 4 Pipe 17.5 Butt-elbow Butt-elbow 3000
1 5 elbow Butt-Pipe Butt-Pipe 3000
1 6 Pipe 256 Butt-elbow Butt-elbow 3000
1 7 elbow Butt-Pipe Butt-Pipe 3000
1 8 Pipe 3 Butt-elbow SW Union 3000
1 9 Union TE 2.25/2 Piece 19 (to Assm 7) 3000




Assembly 9 - Phase Separator Top outlet (P.S.)

Pipe size | Piece# Description Length shown end 1 end 2 MAWP (psi)
0.75 1 pipe nipple cut 3 threaded to P.S. butt elbow 2000
0.75 2 pipe elbow r=1.5 Butt Pipe Butt Pipe 3000

.75to1 3 reducer 2" Butt-elbow Butt Pipe 3000

1 4 Flex Pipe 12 Butt-Reducer Butt-elbow 1500
1 4.1 elbow 1.5 Butt-Flex Butt Pipe 3000
1 4.2 Pipe 4 Butt-elbow Butt-elbow 3000
1 4.3 elbow 1.5 Butt Pipe Butt Pipe 3000
1 4.4 Pipe 12 Butt-elbow Butt-elbow 3000
1 5 elbow r=1.5 Butt Pipe Butt Pipe 3000
1 Pipe 4 Butt-elbow SW strainer 3000
1 6.1 saddle fitting 2" from elbow 3000
1 6.11 sight glass 1450
1 6.2 saddle fitting 3000
1 6.21 sight glass 1450
1 7 Strainer 4.5 1480

1to.75 8 reducer 2 SW-Strainer Butt Reducer 3000

.75to0 .5 9 reducer 1.5 Butt Reducer 3000
0.5 10 Check Valve 3.75 1480
0.5 11 Pipe 3-7/16 SW-CV Butt elbow 3000
0.5 12 elbow 3000
0.5 13 Pipe 1 Butt-elbow SW CV 3000
0.5 14 Control Valve 2000
0.5 15 Pipe 3 SW cv SW-(Assm 7) 3000




Assembly 10 - Phase Separator Bottom outlet (P.S.)

Pipe
size Piece# Description Length shown end 1 end 2 MAWP (psi)
1.5 1 flange 1.125 1480
1.5 2 Pipe 0.65 SW flange SW valve 2000
1.5 3 Valve 5 1480
1.5 4 Pipe 0.25 SW Valve Butt Elbow 2000
1.5 5 Elbow r=2.25 Butt Pipe Butt Reducer 2000
15to1 6 reducer 2.5 Butt-elbow Butt Pipe 2000
1 7 Pipe 2 Butt-Reducer SW-flange 3000
1 8 Orifice Flanges 2.5 1480
1 9 Pipe 3.75 SW Flange SW Valve 3000
1" 9.1 saddle fitting SW-F end Pipe 9 relief valve 3000
1 9.11 relief valve 10000 psi burst
1 10 Valve 4.22 1480
1 11 Pipe 8.5 SW valve Butt-Tee 3000
1 11.1 saddle fitting 3000
1 11.11 sight glass 1450
1 11.2 saddle fitting 3000
1 11.21 sight glass 1450
1 11.4 saddle fitting relief valve 3000
1 11.41 relief valve 10000 psi burst
0.25 11.3 saddle fitting DPT 3000
1 12 Tee Butt-Pipe 11 Butt-Tee 3000
1 12.1 Coupling 3000
1 12.11 Thermowell 20000
1 13 Tee Butt Tee 12 Valve 3000
1 13.1 Valve 1480
1 13.2 Pipe 1 SW-Valve SW flange 3000
1 13.3 Flange 1480
1 134 Blind Flange 3000
1 14 45 degree elbow 3000
1.5 15 flex pipe 1200 (4842 Burst)
1.5 16 strainer 1480
1.5 17 Pipe 2 SW-strainer SW flange 2000
0.375 18 Saddle Fitting 3000
0.375 18.1 Nipple 3000
0.375 18.2 Valve 1480
0.375 18.3 Plug 3000
1.5 19 flange 1480
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9. Leak / Pressure Test Procedures




APPENDIX G
PRESSURE TESTING INFORMATION
Testing Procedures:

The CMS CO2 Piping Network will be leak checked and pressure tested in
accordance with FESHM 5034 and ASME 31.3 code for process piping. The Layout
of the pressure test will be as in the diagram below.

Piping System

Qutside Inside
Building Building

The proposed leak and pressure test will begin once Lab C is cleared of all
personnel and the building is blocked of all through traffic. The Main Storage
Tank will be blocked off with plates as it has been previously tested and will not
be included in this test. The nitrogen supply cylinder will be located outside of
the building and be connected to the CO, Piping by a 4” copper tube. The
cylinder will contain a relief valve (PSV-1) set to 1350 psi as close as possible after
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the manual valve on the cylinder. The cylinder will be run without a regulator due
to a regulator being unable to supply the high pressure involved in the test. A
pressure gauge (PI-2) will follow the relief valve, then the copper tubing will route
into the building and attach to a %4” fitting on the piping network.

Pressure Step 1: 25 psi

Pressurization will begin by slowly opening the valve and pressurizing to
25psi as given by PI-2. At this time MV-4 will be closed and the system pressure
monitored for pressure holding in an attempt to find gross leaks. After 3 minutes,
testers will enter the building and bubble test all welds, joints, and flex hoses for
leaks.

Pressure Step 2: 330 psi

If no leaks are found the pressure will be raised slowly to 330 psi, and held
for 5 minutes monitoring the system pressure for changes via PI-2. If the pressure
decreases, implying a leak, the system pressure will be reduced by throttling MV-
5 back to pressure step 1 (25 psi) where another bubble test will be performed in
an attempt to locate the leak. If the system pressure does not decrease as seen
on PI-2 pressurization will proceed to pressure step 3.

Pressure Step 3: 660 psi

The pressure will be raised slowly to 660 psi, and held for 5 minutes
monitoring the system pressure for changes via PI-2. The previous circumstances
for moving to the next pressure step or reducing pressure and bubble testing will
be followed in this pressure step as well as any subsequent pressure steps.

Pressure Step 4: 990 psi

The pressure will be raised slowly to 990 psi, and held for 5 minutes
monitoring the system pressure for changes via PI-2.

Pressure Step 5: 1320 psi

The pressure will be raised slowly to 990 psi, and held for 10 minutes
monitoring the system pressure for changes via PI-2.
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Pressure Step 6: 1200 psi

The pressure will be decreased slowly to 1200 psi as indicated by PI-2. The
pressure reading of PI-3 will be noted at this time as well. All joints, welds,
gaskets and flex hoses will be visually examined and bubble tested. If all piping
areas pass the visual inspection and the readings of PI-2 and PI-3 have not
decreased, the system will be considered to pass the leak and pressure test.

Relieving Pressure

MV-5 will be slowly opened and the system pressure slowly decreased back
to atmospheric.
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Testing Equipment:

e Test Pressure Fluid:
o Pneumatic Test Using compressed nitrogen cylinder.

® Test Pressure:
o 110% of design pressure. 110% * 1200 psi = 1320 psi

e Relief Valve: (PSV-1)
o Tamper-Resistant Adj Steel Relief Valve 1/4 NPT Male Inlet, 1/4 NPT
Fem Outlet, 900-2000 PSI
o Purchased from McMaster-Carr Part #5026K31

e Supply Tubing:
o ¥” OD by 0.030” wall rated at 1593 psi MAWP
o Purchased from Fermilab Stockroom: 1065-006000

American Society of

Mechanical Engineers Code for C:-=0
Pressure Piping (ASME B31): .
b 2l C) S := 6000pst
Do — 0.8 (taia— C) t.- = 0.030in
where:
P = allowable pressure, psi Dijax = 0.25mn
S = maximum allowable stress in ) .
tension, psi 2:5+ [ty — C|
twin = wall thickness (min.), in. P = S— —— = 1593 ps1
D... = outside diameter (max.), in. Dmax - 0-8[_'511]]'1] - C._]

C = a constant

e Test Gauges: ( PI-2 and PI-3)
o Multipurpose Gauge +/-2% MID-Scale Accuracy 2-1/2" Dial, 1/4" NPT
Male Bottom, O - 2000 PSI
o Purchased from McMaster-Carr; Item 4089K712
o Quantity = 2 for cross referencing.

e Manual Valve: (MV-5)
o Sharpe %4” 99 Series Valve (standard valve on CO, piping system)
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* Fermllab ES&H Manual 5034TA-1

Date: April 28, 2011

EXHIBIT B
Pressure Testing Permit*

Type of Test: [ |Hydrostatic  [X] Pneumatic

Test Pressure 1320 psig Maximum Allowable Working Pressure 1200 psig

Items to be Tested: Stainless Pipe System for CMS CO; Test Stand

Location of Test Lab C Date and Time: 6 a.m. Friday April 29, 2011

Hazards Involved: 1.) Overpressure of pipe.
2.) Sudden release of pressure.
3.) Pressure regulator failure.

4.) Objects becoming projectiles in event of pipe rupture.

Safety Precautions Taken: 1). Relief Valve in Place on Piping

2.) Eve protection worn during test.
3.) Personnel monitoring cvlinder ready to shut off supply.

4.) Test performed off hours, building vacated and barricaded.
Also cylinder and personnel performing test will be outdoors of
the building containing the pressurized piping, and will remain
there during any pressure changes and will not enter until steady
pressure holding is observed for 10 minutes. A preliminary leak
check was also performed to find any potential leak points.

Special Conditions or Requirements: None

Qualified Person and Test Coordinator: Erik Voirin Dept/Date: PPD / April 29, 2011
Division/Section Safety Officer _Eric McHugh Dept/Date PPD / April 29, 2011

Results: Passed Pressure Test — System Held 1320 psi for 10 minutes
Witness/Dept/Date Abraham Diaz and Mark Shoun/ PPD / April 29, 2011

(Safety Officer or Designee)
* Must be signed by division/section safety officer prior to conducting test. It is the
responsibility of the test coordinator to obtain signatures.



