TECHNICAL APPENDIX FORM (TA5031) FOR PRESSURE VESSELS
PRESSURE VESSEL ENGINEERING NOTE PER CHAPTER 5031

Prepared by:

Preparation date: 1/5/15

1. Description and Identification
Fill in the label information below:

THIS VESSEL CONFORMS TO FERMILAB ES&H MANUAL

CHAPTER 5031
Vessel Title LATIAT Cryostat
Vessel Number ENOQ1778

Vessel Drawing No.  PHPK 07-2032-6500

Maximum Allowable Working Pressure (MAWP)

Internal Pressure 30 psig with full vacuum

External Pressure 15 psi

Working Temperature Range  -320 °F 1w F

Contents  Liquid Argon

Designer / Manufacturer PHPK Technologies

Test Pressure (if tested at Fermilab) Acceptance Date

PSIG, Hydraulic Pneumatic

Accepted as con&anda%_\

Of Division / Section / Center AEUTCMN D Date: QSAZ

NOTE: Any subsequent changes in contents, pressures,
temperatures, valving, etc., which affect the safety
of this vessel shall require another review.

Reviewed by: Al\)bﬁ_ﬁw T)A LE&ANBQ,O

Terry Tope_

<~ Qbtain from Teamcenter

<« Document per Chapter 5034 of

the Fermilab ES&H Manual

< Actual signature required

T

P i
Signature: ﬂ%/w - Date: 3[‘-—‘(} \&

Director's signature (or designee) if the vessel is for manned areas but

doesn't conform to the requirements of the chapter.

Signature: Date:

Fermilab ESH& Q Manual

WARNING: This manual is subject to change. The current version is maintained on the ESH&Q Section website.

TA 5031-1

Rev. 06/2014
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Amendment No.: Reviewed by: Date:

Lab Property Number(s):n/a
Lab Location Code: 426 (obtain from Safety Officer)
Purpose of Vessel(s): To hold TPC in liquid argon

Vessel Capacity/Size:550 liter Diameter:30" Length: 50"
Normal Operating Pressure (OP) 2 psig
MAWP-OP = 30 — 2 = 28_ psig

List the numbers of all pertinent drawings and the location of the originals.

Drawing # Location of Original
PHPK 07-2032-6500 PHPK Technologies
9219.000-MD-44703 FNAL CAD System

2. Design Verification

Is this vessel designed and built to meet the ASME BPVC or “Experiment
Vessel” requirements?
Yes X No

If“No” state the standard that was used .
Demonstrate that design calculations of that standard have been made
and that other requirements of that standard have been satisfied.
Skip to part 3 “system venting verification.”

Does the vessel(s) have a U stamp? Yes X No . If "Yes",

complete section 2A; if "No", complete section 2B.

A. Staple photo of U stamp plate below.
Copy "U" label details to the side

Copy data here:

CERTIFIED BY PHPK TECHNOLOGIES

COLUMBUS, OHIO 43204

30 PSI AT 100 F

MAX. ALLOWABLE WORKING PRESSURE

15 PSI AT 100 F

MAX ALLOWABLE EXTERNAL WORKING PRESSURE

-320 F AT 30 PSI

MIN. DESIGN METAL TEMPERATURE

SERIAL NO 4821, YEAR BUILT 2007

Fermilab ESH&Q Manual TA 5031-2
WARNING: This manual is subject to change. The current version is maintained on the ESH&Q Section website. Rev. 06/2014
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Provide ASME design calculations in an appendix. On the

5 5

sketch below,

circle all applicable sections of the ASME code per Section VIII, Division
(Only for non-coded wvessels)

Shirt length
PocUG-32m
je—— h ——=— Depth of heod
Fillet welds f -—-—-1
Por. UW-18 ond 36 Stiffening ring
Knuckle thickness or. UG-29
Torkonico! heod 4 , — Bolted heods
Por. UG-32hond UA-4d v Alignment Por. UG-35 ond UA-6
tolerorice Fig. UA-6
Inspection opening ~ Por.Uw-34
Por. UG-46 PR Circumferentiol F) :
O Joints ::7:;F=T::
Conicol heod I Costing
Por. UG-32 Por. UG-8 and UG-24
Torisphericol
heod
Lecrown rodius
Hemispherical heod
Minus heod Por. UG-32F
T algpment tlerance -
Por. UG-33 longrtudingl point
Threoded i tregtment Stoy
conneclions ™~ L ed surfoce
Por. UG- 43, ollowonce Por. uw-40 Por. UG-47
Toble UG-43 Par.UwW-19
Fig.UW-19
inections ‘\Mox.ueld reinforcement
Eni of - — 0 Fig.uw-16 Por.UW=35
Por. UG-32d
21 THE LArIAT Cryostat IS A CODE STAMPED ASME
VESSEL. THIS SECTION IS NOT REQUIRED.
CALCULATION RESULT
(Required thickness or stress
Reference ASME level vs. actual thickness
Item Code Section calculated stress level)
vs
vs
vs
vs
vs

Fermilab ESH&Q Manual

WARNING: This manual is subject to change. The current version is maintained on the ESH&Q Section website.
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System Venting Verification Provide the vent system schematic.

Does the venting system follow the Code UG-125 through UG-1377?
Yes X No

Does the venting system also follow the Compressed Gas Association
Standards S-1.1 and S-1.3?
Yes _ X No

A “no” response to both of the two proceeding questions requires a
justification and statement regarding what standards were applied to
verify system venting is adequate.

List of reliefs and settings:

Manufacturer Model # Set Pressure Flow Rate Size

FIKE SRL BT 30 PSIG 10,356 1b/hr argon 2 inch

Operating Procedure

Is an operating procedure necessary for the safe operation of this
vessel?
Yes No X (If "Yes", it must be appended)

Welding Information

Has the vessel been fabricated in a non-code shop? Yes No X
If "Yes", append a copy of the welding shop statement of welder
qualification (Procedure Qualification Record, PQR) which
references the Welding Procedure Specification (WPS) used to weld
this vessel.

Existing and Unmanned Area Vessels

Is this vessel or any part thereof in the above categories?
Yes No X

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

Exceptional Vessels

Is this vessel or any part thereof in the above category?
Yes No X

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

Fermilab ESH&Q Manual
WARNING: This manual is subject to change. The current version is maintained on the ESH&Q Section website.

TA 5031-4
Rev. 06/2014
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THIS VESSEL CONFORMS TO FERMILAB ES&H MANUAL
CHAPTER 5031

Vessel Title

Vessel Number

Vessel Drawing No.

Maximum Allowable Working Pressure (MAWP)

Internal Pressure

External Pressure

Working Temperature Range °F °F

Contents

Designer / Manufacturer

Test Pressure (if tested at Fermilab) Acceptance Date
PSIG, Hydraulic Pneumatic

Accepted as conforming to standard by

Of Division / Section / Center

NOTE: Any subsequent changes in content, pressures, temperatures, valving, etc.,
which affect the safety of this vessel shall require another review and test.

Figure 2. Sample of sticker to be completed and placed on vessel.

Fermilab ESH&Q Manual
WARNING: This manual is subject to change. The current version is maintained on the ESH&Q Section website.

TA 5031-5
Rev. 06/2014
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LArIAT Cryostat Description

The LArIAT cryostat is a 550 liter liquid argon cryostat with a 30 psig MAWP (45
psid relative to the insulting vacuum) and the inner vessel is a stamped ASME
pressure vessel. The cryostat is vacuum insulated except for a large room
temperature flange located on top of the inner vessel. The inner vessel contains a
small Liquid Argon Time Projection Chamber (LArTPC). The cryostat will be located
in the Fermilab Test Beam in the MC7 enclosure and the charged particle beam will
be used to calibrate and characterize LArTPC response and develop software tools
without relying solely on simulations. The cryostat and LArTPC detector were
originally used for the ArgoNeuT experiment which was located upstream of the
MINOS near detector. The original pressure vessel engineering note is in the
appendix. Due to the vessel modifications and location change a new pressure
vessel engineering note has been created. A 30 inch diameter cold flange on the
inner vessel and corresponding 42 inch diameter flange on the vacuum jacket allow
access to the LArTPC. The cold flanges are sealed with double metallic c-seals. A
vacuum is maintained between the concentric c-seals to monitor for leakage.
Trapped volumes reliefs protect the seal monitoring spaces.

The cryostat was modified for LArIAT by PHPK who fabricated the cryostat
originally. Figure 1 shows the modified cryostat. This modification was performed
as a “R” stamp alteration. The alteration consisted of the following:

(1) Addition of a 1-1/2 inch diameter inner vessel bottom drain terminated by a
3-3/8 inch diameter conflat.

(2) Addition of a 6 inch diameter inner vessel side flange populated by two 2-
3/4 inch diameter conflats with a corresponding 14 inch diameter flange on
the vacuum jacket to allow access to the 6 inch diameter inner vessel flange.

(3) An eleven inch diameter excluder to displace liquid argon upstream of the
LArTPC with a corresponding 16-1/2 inch diameter Conflat flange on the
vacuum jacket to allow for mounting of a titanium beam window. A separate
vacuum window engineering note documents the titanium beam window.

Cryostat Relief Requirements

The required ASME relief device is a 2 inch diameter rupture disk set at 30 psig
(PSE-201-A). A spring operated relief valve (PSE-202-A) and an actuated cryogenic
valve (PCV-220-A) provide operational pressure relief.

The cryostat is connected to two pressure sources:

(1) Liquid argon flows from a dewar outside MC7 thru a filter and into the
cryostat. This argon supply dewar has its primary reliefs set at 100 psig.

(2) Filter regeneration is accomplished by either argon vapor from the liquid
argon dewar located outside MC7 or 2% hydrogen/98% argon from a tube
trailer. Its possible to valve the regeneration gas into the cryostat although
that would be an operational upset.

(3) The attached filter pressure vessel which has its reliefs set at 100 psig.

v3.10.15 6/156



Cryostat Filling

In the LArIAT ODH analysis the maximum flow rate that the LAr supply dewar can
provide to the cryostat is 8,232 Ib/hr. This calculation is shown in the appendix.
This maximum flow rate calculated is conservative because it assumes single phase
liquid in the piping. In reality the pressure reduction and heat input would generate
vapor which would reduce the flow area available for liquid such that the mass flow
rate would be reduced. The worst relief case is then for this maximum liquid flow
rate delivered to the cryostat to be relieved as room temperature vapor.

The rupture disc capacity is calculated using the methods found in Fike Technical
Bulletin 8102. For critical flow the vapor capacity is calculated in the following
manner

AXKpXCXP
W=——-

TxZ
M

where
w = rated flow capacity, Ib/hr
A = minimum net flow area, square inches, 3.36 in? for the 2 inch Fike SRL
Kp = coefficient of discharge, 0.62 for rupture disc devices
C = constant based on ratio of specific heats, 377 for argon
P = set pressure plus overpressure allowance plus atmospheric pressure, psia,

49.17 psia (110% of MAWP for the filling case)

T = absolute temperature at inlet, degrees Rankine, 560 °R for filling case
where liquid entering cryostat is relieved as room temperature vapor

Z = compressibility factor for corresponding P and T, 0.9985.

Thus the flow capacity for the rupture disk at room temperature is

W 3.36%X0.62x377%x49.17

,560)(0.9985
40

which is greater than the largest mass flow that can be delivered to the cryostat
during filling (8,232 1b/hr).

= 10,328 Ib/hr
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Fire Case

The relief requirement for the fire case was calculated as 147 SCFM of air in the
original pressure vessel engineering note (see appendix). The original pressure
vessel engineering note reduced this value by taking credit for a fire suppression
system. No such system exits at the new location.

From CGA S-1.3 section 6.1.4 the required mass flow W of the fluid being relieved

can be calculated from
_ QgeC | M
W =183s |zr

Qse = Calculated flow capacity using the applicable formula from 6.2, 6.3.2, or
6.3.3 with F = 1. In ft3/min of free air, 147 ft3/min

where

w = Required mass flow rate of lading through the PRD(s) in lbm/hr of the fluid
being relieved

C = Constant for gas or vapor related to the ratio of the specific heats (k=C,/C)
at standard conditions from Table 4, 377 for argon

M = Molecular weight of fluid, 39.94 for Argon
T = Temperature in degrees Rankine, 560 °R
Z = Compressibility factor at the temperature specified in 6.1.3 in degrees
Rankine
39.
147377 4 _gg7 b
1835 N1Xx560 hr

807 Ib/hr is far less than the rupture disc capacity of 10,356 lb/hr.
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Filter Regeneration

Its possible to pressurize the cryostat with filter regeneration gas. For filter
regeneration, a Matheson 3201 regulates the premix regeneration gas supplied by a
tube trailer (2% H2/ 98% Ar). Ignoring all the other system restrictions, it can
deliver up to 150 SCFM air. This converts to 825 Ib/hr of argon using the method in
CGA S-1.3 6.1.4.

The flow rate of argon gas used for filter regeneration is limited by the mass flow
controller FCV-653-A. The manufacturer states that the design maximum flow of
1,000 SLPM is achieved at a 14 psi pressure drop across the device. 1,000 SLPM of
argon converts to 0.0608 lb/sec (219.1 lb/hr). Crane Technical Paper No. 410
equation 1-43 estimates pressure drop for compressible flow

AP
KV,

Y = net expansion factor for compressible flow through orifices, nozzles,
venture, control valves, or pipe (unitless), estimated as 0.552 for the nominal
case and 0.710 for the maximum case from from pate A-23 of Crane.

where

w = rate of flows (lb/s)

d = internal diameter (in)

AP = differential pressure (psi), 14 psi for the nominal case and 100 psi for the
maximum case

K = resistance coefficient (unitless)

A = specific volume of fluid (ft3/1b) at upstream condition, 5.004 ft3/lb for the
nominal case and 1.238 ft3/Ib for the maximum case

The argon supply dewar is relieved at 100 psig. If the pressure drop across the mass

flow controller is 100 psig (maximum case) the flow at this pressure can be
estimated by ratio to the nominal case pressure of 14 psi in the following manner.
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0.525Y,,,,.d

2 AP max

Winax B K Vl,max
Wnom AP
0.525Y,,,,,d? nom
nom K Vl,nom
which reduces to
Ymax ép max
Wmax B 1,max
Whom
Ynom AP, nom
Vl,nom

100
wnar _ 7INT238 _
= 911.
" 0552 coez

Thus the estimated mass flow for the worst case of 100 psig across the mass flow

controller is 1,514 lb/hr.

Attached Liquid Argon Filter

Aliquid argon filter is attached to the cryostat and this pressure vessel has its reliefs
set at 100 psig. Its worst case scenario is the fire case which has a mass flow rate of
419.5 Ib/hr of argon which is far less than the rupture disk capacity mounted on the
cryostat. This flow rate is documented in Teamcenter Item EN001781 which is the

filter pressure vessel note.
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Table 1: Relief scenario summary.

Relief case Relief requirement Rupture disk capacity

Ib/hr argon Ib/hr argon
Filling from LAr dewar 8,232 10,328 (room temperature gas)
Fire! 807 10,328 (room temperature gas)
Loss of vacuum! 62 10,328 (room temperature gas)
Regeneration gas from 825 10,328 (room temperature gas)
tube trailer
Regeneration gas from 1,514 10,328 (room temperature gas)
LAr dewar
Fire case for LAr filter? 420 10,328 (room temperature gas)

1Calculated in original cryostat pressure vessel engineering note.
2Documented in filter pressure vessel engineering note Teamcenter item EN01781.

Vacuum Jacket Relief

CGA S-1.3—2008 states that the total discharge area of vacuum jacket relief devices
on a container shall be at least 0.00024 in?/1b of water capacity of the container.
The original pressure vessel engineering note calculates the required discharge area
as 0.34 in2. PS-250-V is a Fermilab parallel plate relief mounted on a KF 40 fitting.
The Fermilab parallel plate relief is larger in diameter than the KF 40 fitting. The KF
40 fitting has a diameter of 0.935 inches such that its cross-sectional area is 0.687
in? thus the vacuum space relief discharge area meets the CGA requirement.
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Figure 1: LArIAT cryostat. See Appendix for original and altered cryostat drawings.
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Appendix - ODH Calculation Which
Determines Maximum Cryostat Fill Rate
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Appendix - Feedthrus Attached to New
Side Penetration of Pressure Vessel
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s
D

Straight Conductor Straight/Solder Cup Conductor
Weldable Weldable

Pin Arrangements:

Pin Arrangements:

0.26 0.39 0.26 0.39
.15 6.4 6] [9.9] .15 6. e] [9.9]
/B a] o A @ﬁ 3. 8] G
3 Pin e Pin 10 pin e 3 Pin e Pin ‘0 Pin
.015[0.38] Weld Lip 015 [0.38] Weld Lip
} 304 Stn. Stl. / 304 Stn. Stl.
OA£.002 \
© ] ]
) 19 Pin 0.040[1.0] [ 125 [3.18] 19 Pin 2.04011.0]
O Shown 38 —= |~ Shown 3[8] ——|
P 74[19]
T 1SO KF 1SO KF
= " Pin Arr: :
Pin Arrangements: 0.84 angements:
o o 0.26 .39 @.52 21 0.26 2.39
] 0.15 6 5] 19.9] 113 215 6 6] 109]
L 3. a] 3 s 3 8] 4
o : { .,
3Pin 6Pin 10 Pin 19 Pin 20 . o 3Pin 6 Pin 10 Pin 19 Pin
Flange [=—318] Flange ~ —]
See Table See Table
©0.042[1.1]
1.D.
©.040 J ©.040 J
(1.0 [1.0]
38 L 19 Pin Shown 3[8] —— =
19 Pin Shown [8] — - 7419 ] |~— 66 [17]
ConFlat ConFlat
Pin Arrangements: 072 2.84 Pin Arrangements: .84
0.15 [6 6] [9 9] '[31212 S ; 121] o 0.39 052 o __ o
A < 5 . 13]
€. @, D, MIFC AN
3Pin 6 Pin 10 Pin 19 Pin i 41 Pin 3 Pin 6 Pin ‘0 pin &g o o i 41 pin
Flange Flange
See Table \ See Table
0.042
3(8] 3108 [1.1]
r 1.D.
©.040 [1.0] j 0.040 [1.0] J
l=— 3[7] =—2[8]

Specifications
Materials

Housing: 304 Stainless steel
Pins: 330 Stainless steel (Nickel plated)
Insulation: Glass-ceramic
Magnetic Materials: No
Voltage Rating 1 kV DC
Current Rating 5 Amps per pin
Temperature Range -269°C to 450°C, ISO KF -25°C to 205°C
Pressure @ 20°C ISO KF 0 PSIG
3 Pin: 550 PSIG (38 Bar) 19 Pin: 400 PSIG (28 Bar)

6 Pin: 500 PSIG (34 Bar) 32 Pin: 375 PSIG (26 Bar)
10 Pin: 450 PSIG (31 Bar) 41 Pin: 350 PSIG (24 Bar)

- USA: (800) 752-7325 k@@ www?2.ceramtec.com ®# sales@ceramtec.com
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g e -
| ey N

PART
PIN TYPE INSTALLATION MBER

M
Ill[ii [ ||

Weldable
Straight Pin

{

3 .040 [1.0] Straight Weld 18840-01-W
6 .040 [1.0] Straight Weld 18841-01-W
10 .040 [1.0] Straight Weld 18842-01-W
19 .040 [1.0] Straight Weld 18843-01-W
32 .040 [1.0] Straight Weld 18844-01-W
a4 .040 [1.0] Straight Weld 18845-01-W -
1SO KF m
Straight Pin ) IS0 FLANGE S
3 .040 [1.0] Straight NW25KF 17040-01-KF =
6 .040 [1.0] Straight NWA4OKF 17041-01-KF 335
10 .040 [1.0] Straight NWA4OKF 17042-01-KF (@)
19 .040 [1.0] Straight NWAOKF 17043-01-KF c
32 .040 [1.0] Straight NWA40KF 17044-01-KF g
A .040 [1.0] Straight NWS50KF 17045-01-KF
CONFLAT FLANGE
ConFlat .
Straight Pin 3 .040 [1.0] Straight 2 3/4" (NW35CF) 17020-01-CF
— 6 .040 [1.0] Straight 2 3/4" (NW35CF) 17021-01-CF
10 .040 [1.0] Straight 2 3/4" (NW35CF) 17022-01-CF
19 .040 [1.0] Straight 2 3/4" (NW35CF) 17023-01-CF
32 .040 [1.0] Straight 2 3/4" (NW35CF) 17024-01-CF
M .040 [1.0] Straight 3 3/8" (NWS50CF) 17025-01-CF
Weldable 3 .040 [1.0] Solder Cup Weld 18850-01-W
Solder Cup 6 ,040 [1.0] Solder Cup Weld 18851-01-W
10 .040 [1.0] Solder Cup Weld 18852-01-W
19 ,040 [1.0] Solder Cup Weld 18853-01-W
32 .040 [1.0] Solder Cup Weld 18854-01-W
A ,040 [1.0] Solder Cup Weld 18855-01-W
1SO FLANGE
3 .040 [1.0] Solder Cup NW25KF 17050-01-KF
6 .040 [1.0] Solder Cup NWA4OKF 17051-01-KF
10 .040 [1.0] Solder Cup NWAOKF 17052-01-KF
19 .040 [1.0] Solder Cup NWA4OKF 17053-01-KF
32 .040 [1.0] Solder Cup NWAOKF 17054-01-KF
Pl ,040 [1.0] Solder Cup NW50KF 17055-01-KF
CONFLAT FLANGE
ConFlat 3 .040 [1.0] Solder Cup 2 3/4" (NW35CF) 17030-01-CF
Solder Cup 6 .040 [1.0] Solder Cup 2 3/4" (NW35CF) 17031-01-CF
b o A A olaer Cuj -UT-!
19 .040 [1.0] Solder Cup 2 3/4" (NW35CF) 17033-01-CF
32 .040 [1.0] Solder Cup 2 3/4" (NW35CF) 17034-01-CF
Pl .040 [1.0] Solder Cup 3 3/8" (NW50CF) 17035-01-CF

PART
Gells TYPE MATERIAL DESCRIPTION
0.040 Crimp Contacts Copper Alloy - Gold Flash Accepts wire up to 0.040 [1.0] 16167-03-At
Crimp Tool For 0.025" - 0.075" Crimp Diameters 2840-05

*Contacts priced and sold in packages of 5. TShown in photo. See the Accessories section for more information on all accessories.

sales@ceramtec.com B www2.ceramtec.com [z TEL: (864) 682-3215 & ‘
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CERAMTEC | Feedthrough Pin Header - to 5 KV / 5 Amps / 4 to 10 Pins 4/18/13 4:41 PM

CeramTec

THE CERAMIC EXPERTS

Feedthrough :: Pin Header -to 5 KV /5 Amps / 4 to 10 Pins

( ©.38[9.7) D.44(11) i n{— 0.5313) Specifications - 4, 6 & 10 Pin
Pin Arrangements: \{ ) ' \g Z Materials
4 Pin 6Pin 10 Pin
Pin: Alumel

Insulation: Alumina ceramic
Flange: 304 Stainless steel
Magnetic Materials: Yes

1030 [0.76] Weld Lip
[~ 304 Stn. SHl.

©.062[1.6] {

— "_J% / = Ceramic Spacer
7N

b

013 | =
—  [1897)
=

[32) AJ

j 11
&/
6 Pin Shown .49 [12) —
1.8 [46]
5.0[127) -]

Voltage Rating See table
©.747£.002
Current Rating 5 Amps per pin

Temperature Range
-269° C to 450° C, ISO KF -25° C to 205° C

Pressure @ 20°C

ISO KF: 0 PSIG
4 Pin: 600 PSIG (41 Bar)
6 Pin: 550 PSIG ( 38 Bar)
10 Pin: 500 PSIG (34 Bar)

Leak Rate <1x10-10 atm-cc/sec (He)

Installation: Weld, ISO KF or ConFlat

No. Installation Voltage DC Drawing Files Part No.
Pins Pin/Shield  Pin/Pin GIF CcAD 3D (add to cart)
4 Weld 3kv 1.5kV | .GIF (JavaScript:void(0)) -DWG (JavaScript:void(0)) -IGS (JavaScript:void(0)) = 10234-01-W (../quote/add to_cart.cfm?part=143&Catalog=He!
6 Weld 3kV 1.5kV | .GIF (JavaScript:void(0))  .DWG (JavaScript:void(0))  .IGS (JavaScript:void(0)) = 10235-01-W (../ [ to_cart.cfm?part=144&C. fe1
10 Weld 1.5kV 800V | .GIF (JavaScript:void(0)) -DWG (JavaScript:void(0)) -IGS (JavaScript:void(0)) = 10236-01-W (../quote/add to_cart.cfm?part=145&Catalog=Hei
4 NW16KF 3kV 1.5kV  .GIF (JavaScript:void(0))  .DWG (JavaScript:void(0))  .IGS (JavaScript:void(0)) 10234-13-KF (../quote/add to_cart.cfm?part=146&Catalog=He
6 NW16KF 3kV 1.5kV | .GIF (JavaScript:void(0))  .DWG (JavaScript:void(0))  .IGS (JavaScript:void(0)) 10235-13-KF (../ /add_to_cart.cfm?part=147&Catalog=He
10 NW16KF 1.5 kV 800V  .GIF (JavaScript:void(0))  .DWG (JavaScript:void(0))  .IGS (JavaScript:void(0)) 10236-15-KF (.. to_cart.cfm?part=148&Catalog=He
4 11/3" ConFlat (NW16CF) 3kV 1.5kV  .GIF (JavaScript:void(0))  .DWG (JavaScript:void(0))  .IGS (JavaScript:void(0)) 10234-02-CF (../quote/add_to_cart.cfm?part=149&Catalog=He
6  11/3" ConFlat (NW16CF) 3 kV 1.5kV | .GIF (JavaScript:void(0))  .DWG (JavaScript:void(0)) | .IGS (JavaScript:void(0)) ' 10235-02-CF ( to_cart.cfm?part=150&Catalog=He
10 11/3" ConFlat (NW16CF)  1.5kV 800V | .GIF (JavaScript:void(0))  .DWG (JavaScript:void(0))  .IGS (JavaScript:void(0)) 10236-02-CF (../ [ to_cart.cfm?part=151&C: le
2 3/4" ConFlat ( NW35CF) 3 kv 1.5kV | .GIF (JavaScri .DWG (JavaScript:void(0)) 10234-03-CF (../quote/add_to_cart.cfm?part=152&Catalog=He

23/4" ConFlat (NW35CF)  1.5kV 800V 10236-03-CF (../quote/add_to_cart.cfm?part=154&Catalog=He

click here. (view_partgroups.cfm?T: DList=137) A.3 PDF DATA SHEET (PDFs/12/A.3(-$).pdf)

For welding instructions click here. (/reference/braze.cfm) For .062 lead

Top &m0

Accessories
Type Material Description Drawing Files Part No. Price
GIF (add to cart)
In-Vacuum Cable - 28 AWG Stranded Kapton 850V - 2.5 Amps - 30 ft. - .028 Dia. .GIF (JavaScript:void(0; 21621-01-A (../quote/add_to_cart.cfm?part=22828&Catalog=Hermetic) = $60.67
In-Vacuum Cable - 22 AWG Stranded Kapton 850 V - 5 Amps - 30 ft. - .035 Dia.  .GIF (JavaScript:void(0! 21643-01-A (../quote/add_to_cart.cfm?part=2283&Catalog=Hermetic $52.95
http://shop.ceramtec.us/catalog07/view_subsubsection.cfm?SectionID=35&SubsectionID=283&SubSubsection|D=261#top Page 1 of 2
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PRESSURE VESSEL ENGINEERING NOTE

PER CHAPTER 5031

Prepared by: Robert Sanders
Preparation date: April 14, 2008

L. Description and Identification
Fill in the label information below:

This vessel conforms to Fermilab ES&H Manual
Chapter 5031

Vessel Title T962 TPC Liquid Argon Cryostat

Vessel Number PPD10114

Vessel Drawing Number PHPK 07-2032-6500

Maximum Allowable Working Pressures (MAWP):
Internal Pressure 30 PSIG WITH FULL VACUUM
External Pressure 15 PSI

Working Temperature Range -320 ©F 100 o

Contents LIQUID ARGON

Designer/Manufacturer PHPK TECHNOLOGIES

Test Pressure (if tested at Fermi) Acceptance
Date:

PSIG, Hydraulic Pnieumatic
Accepted as cqp%g;ying to standard by
' A /) LA

'

! ; '
of Division/Section PPD Date: é{ 23/0s

NOTE: Any subsequent changes in contents,
pressures, temperatures, valving, etc., which
affect the safety of this wvessel shall require
another review.

«—Obtain from Division/Section Safety Officer

«Document per Chapter 5034
of the Fermilab ES&H Manual

<«—Actual signature required

Reviewed by: W{Wé} $'7~3"i? Date: %/QS? oF

Director's signature {or designee) if the vessel is for manned areas but

doesn't conform to the reguirements of the chapter.

Date:

Date:

ES&H Director Concurrence

Fermilab ES&H Manual

5031TA-1
09/2006
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Amendment No.: Reviewed by: Date:

Lab Property Number (s): Vessel belongs to Yale
Lab Location Code: 701030125 (obtain from safety officer)
Purpose of Vessel(s): To Hold T962 TPC in ~ 550 L of Liquid Argon

Vessel Capacity/Size: 550 L Diameter: 30 inch Length: 50 inch
Normal Operating Pressure (OP) 2 psig
MAWP-QOP = 28 PSI

List the numbers of all pertinent drawings and the location of the originals.

Drawing # Location of Original
PHPK 07-2032-6500 BEG (electronic)
9219.000-MD-444703 BEG

2. Design Verification

Is this vessel designed and built to meet the Code or “In-House Built”
requirements?
Yes X No

If*“No” state the standard that was used 2
Demonstrate that design calculations of that standard have been made
and that other requirements of that standard have been satisfied.
Skip to part 3 “system venting verification.”

Does the vessel(s) have a U stamp? Yes X No - TE "Xegu,
complete section 2&; if "No", complete section 2B.
A, Staple photo of U stamp plate below.

Copy "U" label details to the side
Copy data here:
CERTIFIED BY PHPK TECHNOLOGIES

COLUMBUS, OHIO 43204

30 PSTI AT 100 F

MAX. ALOWABLE WOKING PRESSURE

15 PSI AT 100 F

MAX. ALLOWABLE EXTERNAL WORKING

PRESSURE

Fermilab ES&H Manual 5031TA-2
09/2006
v3.10.15 23/156



-320 F AT 30 PST

MIN. DESIGN METAL TEMPERATURE

SERIAL NO 4821, YEAR BUILT 2007

Fermilab ES&H Manual ' 5031TA-3
09/2006
v3.10.15 24/156



Provide ASME design calculations in an appendix.

circle all applicable sections of the ASME code per Section VIII, Division
(Only for non-coded vessels)

Is

Shirt kength

On the sketch below,

Boirs 1 hends
PocUG-32m Par, UG-12 ?F‘:r.UG-Bd
% je—— h ~——=i— Depth of heod
Fiiet welds Flonge types [ 1] Reinforced openings £ ——=f
Por UW-18 onc 36 Fig.UA-48 ;ﬂ ’_,_‘_] Bor UG-37 UA-T Stiffeningring
e thichnese = ( ond UA-260 D/ Por U6-29 4““]5& .
Joreonico! heod y s Bolted
Telltoke UuG-2€ heods
Po~. UG-32hond UA-4¢ p:,r Uw."g‘ &lignment Topered plate Por. UG-35 ond Ua-6
L0 Nosate thickneas | lomerorice edges Fig. UA-6
Inspection opening —  le—HeodoMoch- par 1JG-45 Por Uw-34 Por. UW-SC, | Knuckle
Por, UG-46 ment over lap ) Crrcumferentiol Fig Uw-9 rodus
Por. UW-8 ond 13 Tty PorUG-32 m
Conicol heod Fig. UW=13 . Costing
bl Rodiogruphy o 4
Por. UG-32 A techmique Por. UG-8 ond UG-24
Por.Uw-31 Torisphericol
heod
Weid wint Lecrown rodius I
efficencies /
Par. UwW-12 e Hemispherical
Minus heod Plus heod Table Uw-12 Stogger long seoms of leost 5 Xt SpRErERhcos
v EPESSUE £ 00 unless rogogrophed of -
pressure on concove side Akormeni idisronce; oo ogrophed ot intersec
sk de POrUG-32 | jongrudinal ot Por, -5
’ 5 Por. Uw-33
G 5
Threoded asrlv-teing Openinginor _ U
conneciions ‘Uw-2  Corouon odjocentiowelds L'MAOs Sroyed sur foce
Por. UG-43, ollowance Por UW-14 Por UG-26 Por. UG-4&T
Toble UG-43 Por. UG- 25 Vi / Por1-ucL Par.UW-19
= L e i ™ Fig. UW-19
h ; ] t E\ \
H Setiie Nk Fusion welded connections Max. weld renforcement
£ ; = b Shin t bengin Fur. UG- 253 and Par UW-15 ond Fey UW-16 Por,UW-35
wsondol heod = 7l Sree  Por UG-32 UCL-250
Por, UG-32d
Figure 1. ASME Code: Applicable Sections
2B.
Summary of ASME Code
CALCULATION RESULT
equire ickness or stress
(Reqg d thick t
Reference ASME level vs. actual thickness
Item Code Section

calculated stress level)

s

Vs

Vs

vs

Vs

Fermilab ES&H Manual

5031TA-4
09/2006
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System Venting Verification Provide the vent system schematic.

Does the wventing system follow the Code UG-125 through UG-1377?
Yes X No

Does the venting system also follow the Compressed Gas Association
Standards S-1.1 and S-1.37?
Yes X No

A “no” response to both of the two proceeding questions requires a
justification and statement regarding what standards were applied to

verify system venting is adequate.

List of reliefs and settings:

Manufacturer Model # Set Pressure Flow Rate Size

FIKE SRL 29.7 psig see vent analysis I 1/2 Inch

4. Operating Procedure
Is an operating procedure necessary for the safe operation of this
vessel?
Yes No X (If "Yes", it must be appended)
5 Welding Information
Has the vessel been fabricated in a non-code shop? Yes No X
If "Yes", append a copy of the welding shop statement of welder
qualification (Procedure Qualification Record, PQR) which
references the Welding Procedure Specification (WPS) used to weld
this vessel.
6. Existing, Used and Unmanned Area Vessels
Is this vessel or any part thereof in the above categories?
Yes No X
If "Yes", follow the requirements for an Extended Engineering Note for
Existing, Used and Unmanned Area Vessels.
i Exceptional Vessels
Is this vessel or any part thereof in the above category?
Yes No X
If "Yes", follow the requirements for an Extended Engineering Note for
Exceptional Vessels.
Fermilab ES&H Manual 5031TA-5

09,/2006
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THIS VESSEL CONFORMS TO FERMILAB ES&H MANUAL
CHAPTER 5031

Vessel Title

Vessel Number

Vessel Drawing Number

Maximum Allowable Working Pressures (MAWP):

Internal Pressure

External Pressure

Working Temperature Range OF O

Contents

Designer

Test Pressure (if tested at Fermi) DATE i o
PSIG, Hydraulic Pneumatic

Accepted as conforming to standard by

Of Division/Section

NOTE: Any subsequent changes in content, pressures, temperatures, valving, etc.,
which affect the safety of this vessel shall require another review and test.

Figure 2. Sample of sticker to be completed and be placed on vessel.

Fermilab ES&H Manal

5031TA-6
09/2006
v3.10.15 27/156
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T962 TPC Liquid Argon Cryostat Relief Device
Sizing Calculations

R Sanders

April 14, 2008

(1.0) Introduction

This document presents calculations to size the relief device of the T962 TPC Liquid Argon Cryostat for
the PPD1014 pressure vessel engineering note. This vessel will be located in the Minos Hall.

(2.0) General Information

(2.1) Fluid Properties

From ASME Boiler Pressure Vessel Code, Section VIII Div I, Appendix 11. Capacity Conversions For
Safety Valves, Example #4, the density of dry air at 60F 14.7 psia is:

RhoStdAir = 0.0766**(1lb/ft"3) (density of air at standard conditions)

Maximum allowable working pressure of the cryostat.

MAWP = 30**psig ( cryostat maximum allowable pressure)

The relief device is a 1 1/2 inch UD stamped burst disc, Fike SRL. model.
Dimensions and Surface Area Of Cryostat

The dimensions of argon cryostat inner vessel are needed to determine the surface area of the argon
cryostat:

InnerOD = 30%*in (outside diameter of inner wvessel)
Convert (ToFt ) InnerOD
InnerOD = 2.5**ft

From PHPK DRW # 07-2032-6501, SHEET 2 of :

Innerl, = (799/16)**in (overall length of inner vessel)
InnerL, = 49.9375*%*in

Convert (ToFt)InnerL

InnerL = 4.1614583333**ft

The inner vessel neck is 18 in pipe.

NeckOD = 18%%in (outside diameter of 18 pipe)
Convert (ToFt )NeckOD
NeckOD = L1.5**ft

From PHPK DRW # 07-2032-6500, SHEET 4 of 5
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NeckL, = 15.5%*in {length of vacuum insulated portion of neck)
Convert (ToFt)NeckL
NeckL = 1.2916666666%*ft

Thickness of MLI insulation layer:

InsT = 0.5*%*in (insulation thickness)
Convert (ToFt)InsT
InsT = 0.4166666666e-1**ft

Inner most area of insulation.

CylArea = Pi*InnerOD*InnerL+2*Pi*InnerOD"2/4
CylArea = 0.4250149436e2**(ft"2)

NeckArea = Pi*NeckOD*NeckL

Neckirea = 6.0868357663**(ft"2)

InnerArea = CylAreatNeckArea

InnerArea = 48.5883301294*%(ft"2)

Outer most area of insulation.

CylAreald = Pi*(InnerOD+InsT)*(InnerL+InsT)+2*Pi*(InnerOD+InsT)"2/4
CylAread = 0.4370890768e2**(ft"2)

NeckAreaQ = Pi*(NeckOD+InsT)*NeckL

NeckAreaQ = 6.2559145376**(ft"2)

OuterArea = CylAreaO+NeckAreaO

OuterArea = 49.9648222229**(ft"2)

Arithmetical mean of the area of insulation:

InsArea
InsArea

(InnerAreat+QuterArea)/2
0.4927657617e2**(ft"2)

(3.0)Relief Conditions

There are only three ways to add heat to the cryostat, causing liquid argon to boil or to raise the pressure;
fire, loss of vacuum and internal electric heater. The cryostat is designed so that there is no way to flow
warm argon gas or other fluids to heat up the liquid argon. The three cases are discussed below.

The calculations below, uses equations from CGA S§-1.3 --1995
(3.1) Fire Condition

The mean thermal conductivity of air and argon between 1200F and Saturation temperature from CGA
S-1.3 p32, Table 3 are:

khotair = 0.024573%%(BTU/(hr*ft*F))
khotar = 0.015812%%(BTU/(hr*ft*F))

Determine the overall heat transfer coefficient using the higher thermal conductivity of air.

U
U

khotair/InsT
0.589752** (BTU/ (hr*fL"2%F})

Calculate the required relief valve capacity as per CGA S-1.3, section 5.3.3. To be consistent with the
CGA method of calculations, make A non-dimensional variable equaling the number of square feet of
surface.

v3.10.15 29/156



Jof 16

A = InsArea/l**ft"2
A = 0.4927657617e2
FfE = 1.0 (correction factor)

From CGA S-1.3, Table 1, for argon:
Gi = 10.2%*( (£t 5%hr*F)/(BTU*min))

The so called required flow capaity is:

FE*Gi*U*A™0. 82
0.1469720745e3**(££"3/min) Fjrerelief capacityfoundto be 147 SCFMAIr
As per CGA 5.3 (c), reduce the required flow capacity Qa to 30% of its value because of the fire

protection sprinkler system in the cavern. Qa is the stamped capacity on a relief device in standard cubic
feet of air.

Qa
Qa

]

Qa
Qa

0.3*Qa
0.4409162236e2** (££"3/min)

(3.2) Fire Condition Required Mass Flow Rate

The required stamped capacity is applicable to the case when the relief device inlet is close to the cryostat
and the relief device discharges directly to atmosphere. The T962 cryostat will have a very long exhaust
vent pipe carrying the vapor to the outdoor atmosphere on the surface. The required mass flow rate will
be found following procedures from ASME Boiler Pressure Vessel Code, Section VIII Div I, Appendix
11. Capacity Conversions For Safety Valves.

Determine required value of KvAb (Kv * Ab) of a relief device that has stamped capacity Qa.

Wa = Qa*RhoStdAir (mass flow rate of air)

Wa = 0.0337741827e2**(1b/min)

Convert (ToHr )Wa

Wa = 0.2026450963e3**(1lb/hr)

Mair = 28.97 (molecular weight)

Ta = b520**R (temperature)

P = 14.7**psia+l.l*MAWP (inlet abso;ute pressure, 10% over MAWP)
P = 0.477e2*+*psia

c = 356

C = 356%%((R"0.5*1b)/(hr*in"2+*psia))

Find KvAb (flow coefficient Kv times flow area Ab).

KvAb
KvAb

1

Wa/(C*P)*(Ta/Mair)"0.5
0.5055861242e-1**(in"2)

Next determine mass flow rate of argon vapor through the same valve at an inlet pressure of 121% of the
MAWP

Pf
Pf

1.21*MAWP+14.7**psia
0.51le2**psia

At that pressure, the saturation temperature is

Tf = 101.05**K

Tf = TE£*(%/5)**(R/K)

Tf = 0.18189e3**R

Mar = 39.944 {(molecular weight of argon)
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for argon ,
C = 378%*((R"0.5*%lb)/(hr*in“2*psia})
The mass flow rate for the fire condition is:

Wf = KvRb*C#*Pf*(Mar/Tf£)"0.5
WEf = 0.4567499276e3**(1b/hr)

The relief system must be designed to handle the mass flow rate of argon WI.

ASME Boiler Pressure Vessel Code Section VIII, DIVISION 1, UG127 (a)(2)(b) requires the calculated
relieving capacity be multiplied by 0.9 to account for uncertainty in flow resistance methods of
calculation. The approach taken here is to assume a flow rate and calculate the pressure drop in the vent
piping. So, to be consistent with the ASME UG127 requirement, the assumed flow rate will be the
required flow rate divided by 0.9.

wE = WwWf/0.9
Wt 507.4999196497%* (1b/hr)

(3.3) Loss Of Vacuum Condition

Pv = 14.7+**psia+l.l*MAWP (inlet absolute pressure, 10% over MAWP)
Pv 0.477e2**psia

At that pressure, the saturation temperature is

Tv = 100.99**K
Tv = Tv*(9/5)**(R/K)
Tv = 0.181782e3**R

The thermal conductivity of air and argon at 100 F, from NIST are:

kair = 0.015486%%(BTU/(hr*£ft+F))
kar = 0.010624%*(BTU/ (hr*ft*F))

Determine the overall heat transfer coefficient using the higher thermal conductivity of air.

U = kair/InsT
U = 0.371664**(BTU/(hr*ft"2+*F))
Qa = (590%*R-Tv)/(4*(1660**R-Tv))*Ff*Gi*U*A"0.82

]

Da 6.3945438708**(£t"3/min)
(3.4) Loss of Vacuum Condition Required Mass Flow Rate

The same as for the fire condition determine required value of KvAb (Kv * Ab) of a relief device that has
stamped capacity Qa.

Wa = Qa*RhoStdAir {mass flow rate of air)

Wa = 0.4898220605*%*(1lb/min)

Convert (ToHr )Wa

Wa = 0.2938932363e2**(lb/hr)

Mair = 28.97 (molecular weight)

Ta = 520**R (temperature)

P = 14.7**psia+l.1*MAWP (inlet absoj;ute pressure, 10% over MAWP)
P = 0.477e2**psia

G 356**((R"0.5%1b)/(hr*in"2*psia))

v3.10.15 31/156



50f 16

Find KvAb (flow coefficient Kv times flow area Ab).

RvAb = Wa/(C*P)*(Ta/Mair)"0.5
KvAb = 0.7332442035e-2%*(in"2)
for argon ,
C = 378%%((R*0.5*1b)/(hr*in"2+*psia))

The mass flow rate for the loss of vacuum condition is:

Wv = KvAb*C*Pv*(Mar/Tv)"0.5
Wy = 0.6197394683e2**(1lb/hr)

The required mass flow rate for the loss of vacuum is significantly smaller than for the fire case.
(3.5) Cryostat Heater Case

The only other method of adding heat to the cryostat is through its heater HTR-15-AR. The maximum
heat output of the heater is:

Qhtr = 350%*W

At saturated conditions and 110% over the MAWP, the temperature and pressure for the heater case is:

Ph = 14.7**psia+l.1*MAWP (inlet absoute pressure, 10% over MAWP)
Ph = 0.477e2**psia

Th = 100.99**K

Th = Th*(9/5)**(R/K)

Th = 0.181782e3**R

At these flow conditions the saturated liquid and vapor enthalpies are:

hf
hg

(-0.102829e3)** (kI /kg) (liguid enthalpy)
47.4446** (kJ/kg) (vapor enthalpy)

The required vent rate is the boil-off:

Wh Ohtr/ (hg-hf)

Wh 2.3290850821**( (Wrkg) /kJ)
Convert({ToJ,ToJS,TolLb,ToHr} )Wh
Wh = 18.4851119545%+*(1b/hr)

The mass flow rate for the heater case is significantly smaller than for the loss of vacuum case.

(4.0) Vent System Pressure Drop

Only the calculations for the fire case will be presented. The fire case has the largest mass flow rate of the
three failure cases. As well the argon temperature in the entire length of vent system is assumed to be 1200
F. This is perhaps not realistic, but it makes the calculations simpler.

For the calculations the vent system is divided into five sections, 1 1/2 inch pipe run off the exhaust of the
cryostat, a 2 inch ID flexible hose, a long 4 inch horizontal pipe run in the MINOS Hall, 6" diameter

vertical pipe that carrries the argon to the surface, and last a 3 inch carbon steel pipe run in the MINOS
Assembly Hall. The calculations uses the following defined process points:

Point 1: The exhaust to the atmosphere from the 3 inch pipe on the surface
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Point 2: Transition, on the surface, from the 3 inch pipe in the assembly hall to the 6 inch vertical pipe.
Point 3: transition from the bottom of the 6 inch pipe to the 4 inch pipe near the lower elevator foyer.
Point 4: transition from the 4 inch pipe to the 2" flexible hose near the MINOS detector.

Point 5: transition from the 2 inch flexible hose to a short run of 1 1/2 inch pipe.

Point 6: The cryostat inner vessel.

The procedure of the calculations is to assume the maximum required mass flow rate of Wf and start at
point 1 , atmospheric pressure. The flow conditions at point 1 are determined, and the presure drop in the
next section of piping is calculated. The pressure at point 2 is found and the process repeated until the

pressure of the cryostat at point 6 is found. This method of calculated is used because it involves no
iteration.

(4.1) Minos Assembly Hall Pipe Run.

Start at point 1 on the surface. The mass flow rate is:

w[l] = Wf
w(l] = 507.4999196497+*(1b/hr)

To simplify the calculations, start the calculations at the exhaust of the pipe and assume the argon
temperature to be 1200 F.

Fluid properties

T[1]
(1]

(460+1200) **R
1660*4R

The pressure is atmospheric. Atmospheric pressure at Fermilab is:
pll] = 14.3**psia
The density and viscosity of the argon is:

rho[l] = 3.207e-2**(1lb/ft"3)
mu[l] = 3.54277e-5%*(1b/(ft*s))

Piping Description

Pipe length
Le[1] = 1l1*xft

Number of long radius 90 degree weld elbows:
nel9o = 11

Assume 5 45 degree weld elbows:

neld45 = 2

Pipe size
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od[1l] = 3.500%*in (outside diameter 3 in pipe)
wall{l] = 0.216**in {(wall thickness 3 in sch 40 pipe)
Convert (ToFtjod[1]

od[l] = 0.2916666666%*ft

Convert(ToFt)wall[l]

wall{l] = 0.18e-1**ft

Internal diameter and flow area

id[l] = od[l]-2*wall[l] (internal diameter)
id[1] = 0.2556666666%*ft

a[l] = Pi*id[1]72/4 (flow area)

af[l] = 0.5133790001e-1**(£ft"2)

K factors

Determine velocity, Reynolds number and friction factor.

v(1l] = w[l]/(a[l]*rho[l]) (velocity)

v[1] = 0.3082470422e6**(ft/hr)

Convert(ToSec)v[l]

v[1] = 85.6241784044**(ft/s)

Re[l] = id[l]*v[1l]*rho[l]/mu[l] (Reynolds number)

Re[l] = 0.1981648067e5

epsilon = 0.00015**ft (commercial steel pipe roughness)

f[1] = FrictionFactor3(Re[l],epsilon,id[1l]) (friction factor)
f[1] = 0.2723287878e-1

K Factors

The K factor due to straight pipe length:

Kle = f£[1]*Le[1]/id[1]
Kle = 11.8234010897

From Crane Tech Paper 410, page A-29, rhe K factor for each 90 degree elbow is:

kel = 15.4*%f[1]
kel = 0.4193863333

Assume the K factor for 45 degree elbow is half that of 90 degree elbow:

kel45s 7.9%F[1]
kelds = (0.2151397424

Assume a sharp edged entrance and exit pressure drops in this section of the pipe system.

Kin = 0.5
Kout = 1.0

The total K factor is:

Kt KintKout+Kle+nel90*kel+neld5*keld5s
Kt = 18.3669302409

Pressure Drop
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Find the pressure drop.

dp[1]
dp[1]

Kt*rho[l]*v[1]"2/(2*gc) (pressure drop)
0.6711093938e2**(1bf/ft"2)

Convert({ToIn,{lbf<-psi*in”2}})dp[1l]

dp[1]

0.4660481901**psi

(4.2) Pressure Drop in vertical pipe, Section 2

pressure at point 2

pl2]
pl2]

Mass flow rate.

w[2]
w[2]
T[2]
T[2]

pll]+dp(1]
0.1476604819e2**psia

WE
507.4999196497**(1b/hr)
(460+1200)**R
1660**R

The density and viscosity of the argon is:

rho[2]

muf 2]

= 3.337e-2%%(1lb/ft"3)

3.54231e-5%%(1b/ (ft*s))

Piping Description

Pipe length

Le[2]

350**ft

Number of long radius 90 degree weld elbows:

nels)

0

Number of long radius 45 degree weld elbows:

neld5s
Pipe size

od[ 2]

wall[2]
Convert(ToFt)od[2]

od[2]

0

6.625%*in (outside diameter 6 in pipe)
= 0.280**in {(wall thickness 6 in sch 40 pipe)

0.5520833333**f¢L

Convert(ToFt)wall[2]
wall[2]

= 0.2333333333e-1**ft

Internal diameter and flow area

id[ 2]
id[2)
af2]
af2]

K factors

1]

1]

od[2]-2*wall[2] (internal diameter)
0.5054166666**f¢
Pi*id[2]"2/4 (flow area)

0.2006268247** (ft"2)
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Determine velocity, Reynolds number and friction factor.

v[2] = w[2]/(a[2]*rho[2]) (velocity)
v[2] = 0.7580376411le5**(ft/hr)
Convert(ToSec)v[2]
v[(2] = 21.0566011421%*(ft/s)
Re[2] = id[2]*v[2]*rho[2]/mu[2] (Reynolds number)
Re[2] = 0.1002553301e5
epsilon = 0.00015*%*ft (commercial steel pipe roughness)
f[2] = FrictionFactor3(Re[2],epsilon,id[2]) (friction factor)
£[2] = 0.3132426243e-1
K Factors

The K factor due to straight pipe length:

Kle
Kle

]

f[2]*Le[2]/1d[2]
21.6919871745

Assume a sharp edged exit for the exit pressure drops in this section of the pipe system. The entrance
pressure drop was accounted for in the previous section.

Kout = 1.0

The total K factor is:

Kt
Kt

Kout+Kle
22.6919871745

Pressure Drop

Find the pressure drop.

dp[2] = Kt*rho[2]*v[2]"2/(2%*gc) (pressure drop)
dp[2] = 5.2175933074%*(1bf/ft"2)
Convert({Toln,{lbf<-psi*in"2}})dp[2]

dp[2] = 0.3623328685e-1*+*psi

dp[2] is just the frictional pressure drop and does not include the pressure change due to the change in
elevation.

(4.3) MINOS Hall 4 inch Pipe Pressure Drop, Section 3

The pressure at the entrance of setion 3 is

pl3] = pl2]+dp[2]+Le[2]*rho[2]*g/gc

pl3] = 14.802281477**psia+0.116795e2**(1lbf/ft"2)
Convert({ToIn, {lbf<-psi*in”2}})p[3]

p[3] = 14.8833891159**psia

Mass flow rate.

w[3] = Wf
w[3] 507.4999196497** (1b/hr)

To simplify the calculations, assume the argon temperature to be 1200 F.
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Fluid properties

T[3]
T[3]

(460+1200)**R
1660**R

The density and viscosity of the argon is:

rho[3] = 3.738e-2%*(1b/ft"3)
rho[3] = 3.738e-2%*(lb/ft"3)
mu[3] = 3.54232e-5**(1b/(ft*s))
mu[3] = 3.54232e-5**(1b/(ft*s))

Piping Description
Pipe length
Le[3] = 313*xft
Number of long radius 90 degree weld elbows:

nel%d = 6

Number of 45 degree long radius weld elbows:

nelds = 2
Pipe size
od[3] = 4.500%*in (outside diameter 4 in pipe)
wall[3] = 0.120*%*in (wall thickness 4 in sch 10 pipe)
Convert (ToFt)od[ 3]
od[3] = 0.375%*ft
Convert (ToFt)wall[3]
wall[3] = l.e-2**ft

Internal diameter and flow area

id[3] = od[3]-2*wall[3] (internal diameter)
id[3] = 0.355**ft
a[3] = Pirid[3]"2/4 (flow area)
a[3] = 0.9897980354e-1**(ft"2)
Flex Hoses

There are two 4 inch internal diameter with lengths:

dflex = 4.0**in
Lflexl = 3.5**ft
Lflex2 = 5.5**ft

Multiply the total length of the flex hoses to account for the increased pressure drop caused by the internal
corrugated interior surface.

Lflex 3*(Lflexl+Lflex2)
Lflex = 27.**ft

10 of 16
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Flex hose flow area:

aflex = dflex"2*Pi/4
aflex = 0.1256637061le2**(in"2)
K factors

Determine velocity, Reynolds number and friction factor,

v(3] = w[3]/(a[3]*rho[3]) (velocity)

v[3] = 0.1371671431le6**{ft/hr)

Convert (ToSec)v[3]

v[3] = 38.1019841949**(ft/s)

Re[3] = id[3]*v[3])*rho[3]/mu[3] (Reynolds number)

Re[3] = 0.1427340048e5

epsilon = 0.000005**ft (drawn tubing roughness)

f[(3] = FrictionFactor3(Re[3],epsilon,id[3]) {friction factor)
£f(3] = 0.2818365075e-1

The K factor due to straight pipe length:

Kle = f£[3]*Le[3]/id[3]
Kle 24.8492470031

From Crane Tech Paper 410, page A-29, the K factor for each 90 degree elbow is:

kel
kel

20.0%£[3]
0.563673015

Assume the K factor for 45 degree elbow is half that of 90 degree elbow:

kelds
keld5s

10.0%F[3]
0.2818365075

The entrance and exit K factors are accounted for in adjacent sections

Fout = 1.0
Flex Hose K factor

Determine velocity, Reynolds number and friction factor.

vilex = w[3]/(aflex*rho[3]) (velocity)

vilex = 1080.4055755884**(ft"3/(hr*in"2))
Convert({ToSec,ToFt})vflex

vElex = 43.2162230235**(ft/s)

Reflex = dflex*vflex*rho[3]/mu[3] (Reynolds number)
Reflex = 0.1824140582e6**(in/ft)

Convert (ToFt)Reflex

Reflex = 0.1520117151e5

epsilon = 0.00015%*ft (commercial steel pipe roughness)
fflex = FrictionFactor3(Reflex,epsilon,dflex) (friction factor)
fflex = 0.2859032853e-1

The flexible hose K factor:

Kflex = fflex*Lflex/dflex
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Kflex = 0.1929847176%*(ft/in)

Use Crane Tech Paper 410, formula 3-24 to converted the K factor for 4 inch pipe.

Kflex = Kflex*(id[3]/dflex)"4

Kflex = 0.1197281758e-4**(f£"5/in"5)
Convert (ToFt)Kflex

Kflex = 2.979220145

Pressure Drop

The total K factor is:

Kt Kle+nel90*kel+neld5*keld5+Kflex
Kt = 31.7741782537

Find the pressure drop.

dp[3] = EKt*rho[3]*v[3]"2/(2*gc) (pressure drop)
dp[3] = 0.2679623368e2%*(1bf/ft"2)

Convert({Toln, {lbf<-psi*in”2}})dp[3]

dp[3] = 0.1860849561**psi

(4.4) MINOS Hall 2 inch Flex Hose Pressure Drop, Section 4

Section 4 is a 35 foot long 2" flex hose with a reducer on its inlet. The pressure at the entrance of section 4

is
pl4] = pl[3]+dp[3]
p[4] = 15.0694740721l**psia
Convert ({Toln, {lbf<-psi*in”"2}})p(4]
pl4] = 15.0694740721**psia
Mass flow rate.
w[d] = WE

wi4] 507.4999196497** (1b/hr)

To simplify the calculations, assume the argon temperature to be 1200 F.

Fluid properties

T[4]
T[4]

(460+1200)**R
1660**R

The density and viscosity of the argon is:

rho(4] = 3.379e-2%*(1b/ft"3)
mu[4] = 3.54233e-5%*(1b/(ft*s))
Flex Hose

There are two 4 inch internal diameter with lengths:

dflex = 2.0**in
Lflex 35**ft

12 of 16
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Multiply the length of the flex hose by 3 to account for the increased pressure drop caused by the internal
corrugated interior surface.

Lflex = 3*Lflex
Lflex 105**ft

Flex hose flow area:

aflex dflex”2*pi/4
aflex = 3.1415926537**({in"2)

Flex Hose K factor

Determine velocity, Reynolds number and friction factor.

vilex = w[4]/(aflex*rho[4])} {(velocity)

vilex = 4780.7706913876**(ft"3/(hr*in"2))
Convert({ToSec,ToFt})vilex

vflex = 191.2308276555**(ft/s)

Reflex = dflex*vflex*rho[4]/mu[4] (Reynolds number)
Reflex = 0.3648270865e6**(in/ft)

Convert (ToFt)Reflex

Reflex = 0.304022572e5

epsilon = 0.00015**ft (commercial steel pipe roughness)
fflex = FrictionFactor3(Reflex,epsilon,dflex) (friction factor)
fflex = 0.257562759%96e-1

The flexible hose K factor:

Kflex = fflex*Lflex/dflex
Kflex = 1.3522044881**(ft/in)
Convert (ToFt)Kflex

Kflex = 16.2264538579

Pressure Drop

The K factor for the reducer is:
Kred = 0.15

The total K factor is:

Kt
Kt

Kred+Eflex
0.1637645385e2

Find the pressure drop.

dp[4] = EKt*rho[4]*vElex"2/(2*gc) (pressure drop)
dp(4] = 0.3144769464e3**(1bf/ft"2)

Convert({TolIn, {1bf<-psi*in”2}})dp[4]

dpf{4] = 2.183B676837*%*psi

(4.5) MINOS Hall 1 1/2 inch Pipe Pressure Drop, Section 5

The pressure at the entrance of setion 3 is

13 0f 16
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p(3] = pl4)+dp[4]

pi5] = 17.2533417558**psia
Convert({Toln,{lbf<-psi*in”2}})p[5]
p[5] = 17.2533417558**psia

Mass flow rate.

w[5] = Wt
w[5] 507.4999196497** (1b/hr)

To simplify the calculations, assume the argon temperature to be 1200 F.

Fluid properties

T(5)
T[5]

(460+1200)*+*R
1660**R

The density and viscosity of the argon is:

rho[5] = 3.803e-2**{1lb/ft"3)
mu[5] = 3.54232e-5**(1lb/(ft*s))

Piping Description
Pipe length

Le[5] = 6%*ft

Number of long radius 90 degree weld elbows:

nel?9d = 2
Pipe size
od[5] = 1.900**in (outside diameter 1 1/2 in pipe)
wall[5] = 0.109*%*in (wall thickness 1 1/2 in sch 10 pipe)
Convert (ToFt)od[5]
od[5] = 0.1583333333**ft
Convert (ToFt)wall[5]
wall[5] = 0.9083333333e-2**ft

Internal diameter and flow area

id[5] = od[5]-2*wall[5] (internal diameter)
id[5] = 0.1401666666**ft
a[5] = Pi*id[5]"2/4 (flow area)
afs5] = 0.1543047773e-1**(ft"2)
K factors

Determine velocity, Reynolds number and friction factor. Some of the fittings in this section of piping
have a larger diameter than 1 1/2 inch sch 10 pipe. It will be conservatively assumed that all fittings are 1

1/2 pipe.

v[5] = w[5]/(a[5]*rho[5]) (velocity)
v[5] 0.8648290716e6+* (£t /hr)

14 of 16
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Convert(ToSec)v[5]

v[5] = 240.230297685%*(ft/s)

Re[5] = 4id[5]*v[5]*rho[5]/mu[5) (Reynolds number)

Re[5] = 0.3615022952e5

epsilon = 0.00015**ft (commercial steel pipe roughness)

f[5] = FrictionFactor3(Re[5],epsilon,id[5]) (friction factor)
£f[5] = 0.2544279007e-1

The K factor due to straight pipe length:

Kle £[5]*Le[5]/id[5]
Kle = 1.0891087306

From Crane Tech Paper 410, page A-29, the K factor for each 90 degree elbow is:

kel
kel

16.0*£[5]
0.4070846411

The entrance K factor is for a sharp edged entrance into the pipe.
Kin = 0.5
The Fike 1 1/2 inch SRL Burst Disc is code stamped with the following information:
MNFA 1.67 sq in.
KFGL .59

KRG .43

The argon passing through the burst disc will be vapor, so for the burst disc flow coeffient, use the KRG
value.

Kr = 0.43
Through tee K factor, Crane Tech Paper 410 p A29:

Kttee = 20%f[5]
Kttee 0.5088558013

Branch tee K factor, Crane Tech Paper 410 p A29:

Kbtee = 60*f[5]
Kbtee 1.5265674041

Pressure Drop

The total K factor is:

Kt = Kletnel90*kel+Kr+Kttee+Kbtee+Kin
Kt = 4.8687012184

Find the pressure drop.
dp[5] = Kt*rho[5]*v[5]"2/(2*gc) (pressure drop)

dp[5] = 0.166058058e3**(1bf/ft"2)
Convert({ToIn, {lbf<-psi*in”2}})dp[5]
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dp[5]

(4.6) Cryostat Pressure

The cryostat pressure is:

plé]
p(6]

summarize the calculations

process
process
process
process
process
process

1.1531809587**psi

p5]+dp[5]

18.4065227145%*psia

point
point
point
point
point
point

Gy W W N

pressure
pressure
pressure
pressure
pressure
pressure

drop
drop
drop
drop
drop
drop

.4660481901%*psi
.3623328685e-1**psi
.1860849561**psi
.1838676837**psi
.1531809587**psi

=N o oo

pressure = 14.3**psia

pressure = (.1476604819e2**psic
pressure = 14.8833891159**psia
pressure = 15.0694740721**psia
pressure = 17.2533417558**psia

= —— pressure = 18.4065227145%*psia

Determine the cryostat using atmospheric pressure ( which is lower than in MINOS hall)

Pcryostat
Pcryostat

p(6]1-14.3*+psia

4.1065227147**psi

The maximum cryostat pressure for the fire case is less than its MAWP. Therefore the vent system is
properly sized for all three cases: fire, loss of vacuum and heater power.
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T962 TPC Liquid Argon Cryostat Relief Device
Sizing Calculations

Amendment 1

Liquid Fill from 160L Argon Dewar

R Sanders

April 16, 2008

(1.0) Introduction

This document addresses the pressure safety aspects of filling the T962 Cryostat from a 160 L liquid
argon dewar as per the flow schematic 9219.000-MD-444703. The 160 L dewars have a MAWP of
350 psig. The cryostat and associated cryogenic piping mounted on the cryostat has an MAWP of 30
psig and is protected by the 1 1/2 inch burst disc RD-01-Ar.

The fill line from the 160L dewar will be connected to the fill port MV-55-Ar on the neck of the
cryostat. The fill line will have a design pressure of 350 psig and is capable of taking the full pressure of
the 160 L dewar.

Please note, this method of filling, from the liquid withdraw port of a 160 L dewar, cannot use the valve

MV-52-Ar, near the cryocooler, to fill the cryostat. The burst disc RD-01-Ar will not adequately protect
the piping as it is too far away from MV-52-H.

(2.0) Restriction

The fill line from the 160 L dewar will have a 4 " long, 1/8" X 0.035" tube installed near the its liquid
withdraw outlet. This length of tube will serve to restrict the flow of argon into the cryostat, keeping it at
a pressure below 30 psig. This document will consider only this flow restriction, ignoring all other
restrictions in the fill line.

Tube length, diameter and wall thickness are:

Le[l] = 4**in

Convert(ToFt)Le[1l]

Le[l] = 0.3333333333**ft

od[l] = 0.125%*in (outside diameter )
Convert(ToFt)od[1)]

od[1l] = 0.1041666666e-1**ft

wall[l] = 0.035%*in (wall thickness )
Convert (ToFt)wall[1l]

wall[l] = 0.2916666666e-2**ft

Find the internal diameter and flow area.

id[l] = od[l]-2*wall[l] (internal diameter)
id[{1] = 0.4583333333e-2**ft
a[l] = Pixid[1]172/4 (flow area)
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af[l] = 0.1649881558e-4%*(ft"2)
(3.0) Flow Conditions

The document T962 TPC Liquid Argon Relief Device Sizing Calculations, showed for the fire
condition, the cryostat vent system able to handle a flow rate of 507.5 Ib/hr of argon. The method of
calculation employed in this document, is to assume a flow rate of 500 Ib/hr, and calculate the pressure
drop over the restriction. It will shown the pressure drop is so great that there is insufficient 160 L
dewar pressure to drive the flow. Thus the cryostat is properly relieved for the case of filling from a 160
L. dewar.

Call point 1 the 160 L. dewar. The mass flow rate out of point 1 is:
w[1] = 500%*(1b/hr)

Assume the pressure in the 160 L dewar 1s at its maximum value:

p[l] = 350**psig
pll] = p[l]+14.3**psia
pll] = 0.3643e3**psia

Assume the flow to be 100% saturated liquid. In reality the large pressure drop through the flow
restriction will cause a significant fraction of the liquid to vaporize. Assuming all liquid flow is
conservative. The density and viscosity are:

rho[1] = 63.41%*(1b/ft"3)
mafl] = 0.507e-4**(1b/(ft*s))

(4.0) Calculate Pressure Drop

Determine velocity, Reynolds number and friction factor.

vil] = w[l]/(a[l]*rho[1l]) (velocity)

v[l] = 0.4779247073e6**(ft/hr)

Convert(ToSec)v[1]

vil] = 132.7568631519**(ft/s)

Re[l] = did[l]*v[l]*rho[l]/mu[l] (Reynolds number)

Re[l] = 0.7610062427e6

epsilon = 0.000005*%*ft (drawn tubing roughness)

f[l] = FrictionFactor3(Re([l],epsilon,id(l]) (friction factor)
f[1] = 0.2044661256e-1

The K factor due to straight pipe length:

Kle
Kle

f[1]*Le(1]/id[1]
1.4870263685

Assume a sharp edged entrance and exit pressure drops in this section of the pipe system.

Kin = 0.5
Kout = 1.0
Convert(Toln)Kcv
Kcv = Kov

The total K factor is:

20f3
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KintKout+Kle
2.9870263685

Kt
Kt

Find the pressure drop.

dp[l] = Kt*rho[l]*v[1]"2/(2*gc) (pressure drop)
dp[l] = 0.5187710361e5%*(1bf/ft"2)

Convert({ToIn, {lbf<-psi*in”2}})dp[1]

dp[l] = 0.360257664e3**psi

The 350 psig 160 L argon dewar does not have enough pressure to force 500 Ib/hr of argon into the
cryostat and therefore the cryostat relief system is properly sized for this case.
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Cryostat Vacuum Relief Valve Sizing

Calculation

R Sanders

April 26, 2008

Introduction

Determine the required size of the relief valve, SV-50-V, on the T962 Cryostat vacuum space as per
CGA S-1.3 --1995, section 4.4.2.. The valve SV-50-V is a 2 inch Circle Seal 220B-16PP check valve

in a vertical position with the spring removed.

Internal Vessel Volume

The first step is to find the water volume of the Cryostat internal vessel. The water volume is the
quantity of water it can hold. The outside diameter and overall length of the internal vessel are, from

PHPK drawing # 07-2032-6501, SHEET 2 :

InnerOD = 30**in (outside diameter of inner vessel)
Convert (ToFt ) InnerOD

InnerOD = 2.5*%*ft

InnerL = (799/16)**in (overall length of inner vessel)
InnerL. = 49.9375*%*in

Convert (ToFt)InnerL

InnerL. = 4.1614583333**ft

The inner vessel neck is 18 in pipe.

NeckOD = 18%**in (outside diameter of 18 pipe)
Convert (ToFt ) NeckOD
NeckOD = 1.5**ft

From PHPK DRW # 07-2032-6500, SHEET 4 of 5

NecklL, = 15.5%*in (length of vacuum insulated portion of neck)
Convert (ToFt ) NeckL
NeckL, = 1.2916666666**ft

The water volume is:

v
v

InnerL*Pi*InnerOD"2/4+NeckL*Pi*NeckOD"2/4 (internal volume)
0.2271007423e2%* (££3)

Required Discharge Area

Find the required discharge area, using the formula from CGA S-1.3, section 4.4.2.

rhoH20 = 62.4*x(1b/ft"3) (density of water)
rda = 0.24e-3**(in"2/1b)*V*rhoH20 (required discharge area)
rda = 0.3401060717**(in"2)

v3.10.15 48/156



20f2

Available Discharge Area

A Circle Seal 220B-16PP was disassembled and the flow area measured. The flow through the relief
valve first goes through holes in a moving poppet, then through an annular space and exits the valve
through stationary holes in the valve body.

The poppet has four 1 inch diameter holes, the flow area for the poppet is:

4%1**in"2%Pi/4
3.1415926537%* (in"2)

Ap
Ap

The annular space has a flow path of:

Aa
Aa

(3%*in"2-2.25%*in"2)*Pi/4
3.0925052682%* (in"2)

After the annular space, the flow exits the valve, through six stationary 1 inch diameter holes with area:

Ae = 6*1**in"2%Pi/4
Ae = 4.7123889804%%(in"2)

The flow path of the six holes are about 20% blocked so the flow area of the exit is

Ae
Ae

0.80*Ae
3.7699111843%*(in"2)

To summarize, the relief valve has a discharge area of at least 3 square inches, about ten times greater
than the required discharge area. The relief valve SV-50-V is adequately sized.
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ENGINEER | SW TLE YALE T962 CRYOSTAT
XXX +.005
REVIEWED ANGUAR | 25 FINAL ASSY
3374 SIZE DRAWING NO. CHG.
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SURFACE TREATMENTS UNLESS NOTED.

SCALE 1=1p
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REVISIONS

DESCRIPTION

EDR | DWN. |CH’KD.|APP’D.[REV'D.

DATE

CHG.

SEE 07-20352-BM-6500 FOR BILL OF MATERIALS.

EZ2RZZ T2

R2ZZZZZZ T 227

SECTION "A-A"

ITEMS 5 & 6 NOT SHOWN FOR CLARITY
(FROM SHT. 2)

v3.10.15 53/156

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR—
IZED PARTIES.

- 07-2032 . 07-2032-6500 1 - B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES

i PHPK TECHNOLOGIES

CHECKED sw | FRACTION| £1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204

XX +.01
ENGINEER | SW TTE YALE T962 CRYOSTAT

XXX +.005
REVIEWED nour | 25 FINAL ASSY

3374 SIZE DRAWING NO. CHG.

REL. DATE 12-10-07 — w ONlMOMMl@@OO Z\O

DIMENSIONS ARE PROVIDED PRIOR TO SCALE

SURFACE TREATMENTS UNLESS NOTED.

1=12 | sHEET 3 oF 5




DESCRIPTION

REVISIONS

v3.10.15 54/156

DETAIL "E”

DETAIL "F” , ,

SCALE: 5X
I~
- . 1
gr : 3/8 ,
/
| » ” lY | ﬁ‘ UN
DETAIL "D e
& | ~
DRILL 1/4" DIA. HOLE o [
THRU ONE WALL 0 AN 7 &
P |
- % A g
I
| H 7 DETAIL "E” DETAIL “D”

7 L 2 SCALE: 4X SCALE: 10X

7

R

I DETAIL "F”
Lot L] s /

n

| |

24 1/8"

\ / 36 1/2" | | I

1 3/4 \
| | )
| » | |
\
DETAIL, ITEM 42 90° /) 270°
2 REQD. 78 1/2" o o
SCALE: 3X \
66 5/8" VSSS 2X

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

_ [ 2 3/4"
DRILL 1/2" DIA. HOLE , H | 3" LG
THRU ONE WALL 7 I ) A
f [ X
T T T T 7 77 e
| | | | | 7 I (0)
| | 6 | | 7 I . DETAIL ”C”
, I I , 11 H H _ DETAIL "C SCALE: 4X
| | 1 | | |
| I | | | 8
| | | |
| | | | Nm:
| | | | ! o = 07-2032 07-2032-6500 1 = B
| | | | | (D SR » 3d WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ’D] NEXT ASSEMBLY SIZE
| | | | | MHOHHOZ w w DRAWN CD TOLERANCES
, | , , , TEM 5 NOT SHOWN FOR CLARITY PHPK TECHNOLOGIES
16" X 45 (FROM SHT. 2) CHECKED | Sw |FRACTION| +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX +.01
DETAIL, ITEM 44 CHANFER ENGINEER | SW e YALE T962 CRYOSTAT
T REQD. + pLCS. x| 2P FINAL ASSY
SCALE: 2X REVIEWED ANGULAR | +5°
INFORMATION SHOWN ON THIS 3374 SIZE | DRAWING NO. CHG.
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK | REL. DATE 12-10-07 — —
SEE 07-2032-BM—-6500 FOR BILL OF MATERIALS. TG SOLE PROPERTY OF PHEK - | B 07-2032-6500 [N/C
OR TRANSMITTED TO UNAUTHOR-—
DIMENSIONS ARE PROVIDED PRIOR TO
IZED PARTIES. SURFACE TREATMENTS UNLESS NOTED. |SCALE 1=12 | sHeET 4 oF 5




REVISIONS

DESCRIPTION

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

9 1/8"

SEE 07-2032-BM-6500 FOR BILL OF MATERIALS.

P—

CUT PIPE TO MATCH
RADIUS OF INS. OF VESSEL

NOZZLE DETAIL: "N20”

(3913 3/16” LG.

v3.10.15 55/156

9/16" DIA. HOLE THRU

— R =
A

70 VA

|
\

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR-—
IZED PARTIES.

7/8" 16.(40)
3
1/16
13 3/16" L6.(34)
NOZZLE DETAIL: ”N21”
ITEMS 52, 60 & 70 NOT SHOWN
(FROM SHT. 2)
SCALE: 3X
- 07-2032 . 07-2032-6500 1 - B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN cD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw | FRACTION | +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX +.01
TITLE
ENGINEER | SW  —— To08 YALE T962 CRYOSTAT
REVIEWED o s FINAL ASSY
3374 SIZE DRAWING NO. CHG.
REL. DATE 12-10-07
1B | 07-2032-6502 |N/C

DIMENSIONS ARE PROVIDED PRIOR TO

SURFACE TREATMENTS UNLESS NOTED. |SCALE 1=4 _ SHEET 5 OF 5




REVISIONS

DESCRIPTION

1) ADDED WELD SYMBOLS J-26 & J-27.

SW

SW

CD

EDR [ DWN. [CH’KD.|APP’D.|REV'D.

3368

DATE
12-3-07

CHG.

A

v3.10.15 56/156

f B | J-17
J-16
(A y-27 - o J-26 <]
01 | o3
J-02 J-04 J-05
NOZZLE LOADS NOZZLE SCHEDULE
MARK SIZE FUNCTION
Vi ; ;
@ N1 18" 0D X .165" WALL CHIMNEY
{ v 3 N3 6" SCH 40 ACCESS PORT
ML Vi (Lbs) - -
N Ve WELD TAIL SYMBOL LEGEND
Ve (Lbs) - -
pr Mc ﬁoToToo&
7N Pr (Lbs) 2500 - |
WELD JOINT WPS
LAST TWO DIGITS OF SPEC. NO.
ﬁ# Mc  (In-Lbs) - 300 D NUMBER NUMBER AND SUFFIX IF APPLICABLE
M. (n—Lbs) - 300
/K Mt (n-Lbs) - 300
- 07-2032 07-2032-6501 1 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES
PHPK TECHNOLOGIES
FRACTION | £ "
3) PENEUMATIC PRESSURE TEST PER PHPK STANDARD SPECIFICATION 01-QA-0017: CHECKED |  SW ~ h\oﬂm 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
DESIGN PRESS: 45 . . TITLE
ENGINEER Sw
TEST PRESS: 50 XXX | £.005 YALE T962 CRYOSTAT
REVIEWED T INNER VESSEL WELDMENT
2) DYE PENETRANT CHECK ALL OPENINGS AND ATTACHMENTS PER PHPK STANDARD SPECIFICATION 01—-QA-0007. A FORVATION SOWN O This 5 | owwG G T
1) SEE 07-2032-BM-6501 FOR BILL OF MATERIALS. R R TR v | REL. DATE 11-7-07 _ —
GENERAL NOTES: N/CIN/CIN/CIN/CIN/CIN/C N/C REV LETTER | 205 38 Nor 1o bt DISCLOSED EDR Hw ON NOUN @@O\_ >
. 9lsl716l5]4 9 SHEET NUMBER | Oy oneHtED 1O UNAUTHOR= " DIMENSIONS ARE PROVIDED PRIOR TO  [SCAlE
IZED PARTIES. SURFACE TREATMENTS UNLESS NOTED. 1=16 _ SHEET 1 oF 9




REVISIONS

DESCRIPTION

EDR [ DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

SEE 07-2032-BM-6501 FOR BILL OF MATERIALS.

32X

TACK

4 CORNERS — ITEM 85 TO ITEM 80

(16) =05 | 32 | o
4-20 | 32 . 0
3/16” 75 <
TACK 6 =
4 CORNERS ~— 5
o]
// 7 m
)
>
/n DETAIL "D”
B A@ SCALE: 5X
- 299/16" — o
e 18 7/16" — =]
C (26) FOR_PRESSURE
o SHT.3 @ TESTING ONLY
I 9 3/16" LG.
7 CUT HERE
i & , J
21"
L - _270%1
2 @)
2 1/4" LG. - @
180°
_ - 17 3/16 li
C ,‘L_
SHT. 3
K N A —
- 07-2032 07-2032-6501 1 07-2032-6500 B
(49 15/16") WEIGHT COST CENTER | CONTRACT NO. PART NUMBER  |NO. REQ’D| NEXT ASSEMBLY SIZE
OAL
DRAWN cD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw | FRACTION| +£1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX £01 e
ENGINEER sw X 2,005 YALE T962 CRYOSTAT
REVIEWED ANGUAR | 25 INNER VESSEL WELDMENT
INFORMATION SHOWN ON THIS 3340 SIZE | DRAWING NO. CHG.
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK | REL. DATE 1-7-07 — —
AND IS NOT TO BE DISCLOSED EDR Hw ON MOMM @@O\_ Z. O
OR TRANSMITTED TO UNAUTHOR-—
DIMENSIONS ARE PROVIDED PRIOR TO
IZED PARTIES. SURFACE TREATMENTS UNLESS NOTED. | SCAE 1=16 _ SHEET 2 OF 9




REVISIONS

DESCRIPTION

1) ADDED DETAIL "E” 2 PLCS.

SW

SW

CD

EDR [ DWN. [CH’'KD.|APP’D.|REV'D.

3368

DATE
12-3-07

CHG.

A

DETAIL "E”

32 | J-16

1/8

SEE 07-2032-BM-6501

225k

PZZASSSSh

St H

NN

SEE HEAD FLANGE
WELDMENT & MACHINING

ZZZASSSSH

SEE BODY FLANGE
WELDMENT & MACHINING

SECTION "B-B”
(FROM SHT. 2)

DETAIL, SHT. 4 DETAL, SHT. 5
13"
11
17 |32
o] 7
ROUTE TUBE (43— __|
AS  SHOWN
s —-
N !
2 1/8"

ZZZASSSSH

SECTION "A-A”

FOR BILL OF MATERIALS.

(FROM SHT. 2)

— 3/4"
2X

75
Z J-26 | 32
3 5
J-27 |32 ©
©
N B
/ o
RECORD HT# \/ S
e ¥ OF SPIN HOLE L% o
ETAIL “FE MAT'L ON WORK TICKET
D y
[i> DETAIL "E” 2 116
2 PLCS, j
SCALE: 5X
| 32 WELD AFTER
PRESS TEST
32 | J-15 7w 1/16 »
. J-18 | 32
@ - | (45) 12 7/16” LG.
/ (THIS AREA ONLY)
ROUTE TUBE (43
AS SHOWN /
SEE_BODY FLANGE 53 321/2°
WELDMENT & MACHINING +/ /
DETAIL, SHT. 7 H
SEE BLIND 18 5/8 —
MACHINING 3/32 75
DETAIL, SHT. 7 e 1/4" - w m A =29 | 52
66 _ 30 x 3/327 75
10 5/8 ~
65
@ T
2X \ 10 9/16" NO WELD
30 2X 7 \ 30
. y l~— 9 9/16 y
3 Nxﬁo.@ / . 2X J /
J-10 | 32
32 | J-08 1/8
1/16
180°
3" LG. /16 v
32 | J-08 AT J-19 | 32
SECTION "C-C” (THIS AREA ONLY)
(FROM SHT. 2)
FLANGE | 32 | =11 J-13 | 32 | FLANGE
END END
32| d=12 J-14 | 32
1/8
32| J-09
1/4
- 07-2032 0720326501 1 07-2032-6501 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D] NEXT ASSEMBLY SIZE
DRAWN cD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw | FRACTION| +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX £01 [TmE
ENGINEER |  SW  — 005 YALE T962 CRYOSTAT
REVIEWED nouR | 5 INNER VESSEL WELDMENT
INFORMATION SHOWN ON THIS 3340 SIZE | DRAWING NO. CHG.
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK | REL. DATE 11-7-07 — —
AND IS NOT TO BE DISCLOSED EDR w ON NOUN @@O\_ >
OR TRANSMITTED TO UNAUTHOR-—
DIMENSIONS ARE PROVIDED PRIOR TO
IZED PARTIES. SURFACE TREATMENTS UNLESS NOTED, | SCALE 1=12 | sveeT 3 oF 9




REVISIONS

DESCRIPTION

9.81" THRU
32 PLCS. EQUALLY SPACED
ON 9#34.25" B.C

931.50"
TAPPED HOLE CIRCLE

DWN. (CH’KD.|APP’D.|REV'D.

EDR

DATE

CHG.

FLANGE WELDMENT (HEAD)
& MACHINING DETAIL

(FROM SHT. 3)

SEE 07-2052-BM-6501 FOR BILL OF MATERIALS.

2.00
4X

1/2-13 UNC-2B
X .75" MFTD
8X

-~ (7.86") —~|

(21/27)

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR-—
IZED PARTIES.

STK
» (o]
l—— 2.25 — ©
AFTER MACHINING 3
o]
| S
»
7 >
32 | J-02
3/16 7
Y
[71.005
J-01 |32
3/16°1/16
SN~———
75° SCALE: 5X
- 07-2032 07-2032-6501 1 07-2032-6501 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw | FRACTION | +£1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX +01 [TmE
ENGINEER sw o 2005 YALE T962 CRYOSTAT
REVIEWED ANGULAR | 25 INNER VESSEL WELDMENT
3340 SIZE DRAWING NO. CHG.
REL. DATE 11-7-07 — w ONlMOMNl@@O\_ Z.\O

DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NOTED.

SCALE 18
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DESCRIPTION

REVISIONS

EDR | DWN. |CH’KD.|APP’D.[REV'D.

DATE

CHG.

— 9.81” THRU
O 16 32 PLCS. EQUALLY SPACED
,/ﬁ, ON 83425 B.C
o _——= /I/ S
g \®\\ > R15.88" N N\
7 N\ )
4 \
/ \ /
\

i N
ol / Mw
ﬂ |
i\ I

/
o\ \ /
\ 7/
\ /
\ N\ \ %
7
N y /

SEE 07-2052-BM-6501

FLANGE WELDMENT (BODY)

& MACHINING DETAIL
(FROM SHT. 3)

FOR BILL OF MATERIALS.

q

|—— AN U\ﬁv [E——
STK
2.35" 32
(MIN.) X%x @
AFTER MACHINING EA FLAT =
3
[Te)
7 95 v
o
06" DP. X .375" 7 i
WIDE GROOVE >
ALL AROUND W _
7 $17/64" DRILL THRU
J//L P X
L
— 1 »
J-04 | 32
- 3/16
f NS
$30.355"
$30.345"
) L J-03 | 32
#31.005 204 3/16°1/16
$30.995 2X ~
75
C
$32.355” 32
532,345 H uN\ SCALE: 5X
$33.005" H 010
$32.995"
- 07-2032 07-2032-6501 1 07-2032-6501 B
WEIGHT COST CENTER | CONTRACT NO. PART NUMBER  [NO. REQ’D| NEXT ASSEMBLY SIZE
DA | D | TOLERWeR PHPK TECHNOLOGIES
CHECKED sw  [FRACTION | +1/16” 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX +£01 [TmE
ENGINEER Sw X 1.005 YALE T962 CRYOSTAT
REVIEWED ANGULAR | 25 INNER VESSEL WELDMENT
INFORMATION SHOWN ON THIS 3340 SIZE | DRAWING NO. CHG.
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK | REL. DATE 1-7-07 — —
AND IS NOT TO BE DISCLOSED EDR Hw ON NOMN @@O\_ Z. O
OR TRANSMITTED TO UNAUTHOR—
DIMENSIONS ARE PROVIDED PRIOR TO
IZED PARTIES. SURFACE TREATMENTS UNLESS NOTED. |SCAE 1=8 _ SHEET 5 OF 9




REVISIONS

DESCRIPTION

EDR | DWN. |CH’KD.|APP’D.|REV'D.

DATE

CHG.

| 1/32"

31.5
18 1/16" DIA. HOLE THRU

A

SCALE: 5X

(5 15/16”)

NOZZLE DETAIL: "N1”

(FROM SHT. 2)

SEE 07-2032-BM-6501 FOR BILL OF MATERIALS.

32

CUT PIPE TO MATCH
RADIUS OF INS. OF VESSEL

10

SEE SHT. 7 FOR MACHINING DETAILS

32 | J-07

1/4
3/16

2 1/4" LG.

6 11/16" DIA. HOLE THRU

al

| —— =N

| — —
—

NOZZLE DETAIL: "N3”

(FROM SHT. 2)
ITEMS 20 & 25 NOT SHOWN FOR CLARITY

v3.10.15 61/156

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR-—
IZED PARTIES.

- 07-2032 07-2032-6501 1 07-2032-6501 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER  |NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES

i PHPK TECHNOLOGIES
CHECKED sw | FRACTION | +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGINEER w2 01 [mme
o 2005 YALE T962 CRYOSTAT
REVIEWED T INNER VESSEL WELDMENT
3340 SIZE DRAWING NO. CHG.
REL. DATE 11-7-07 — ”—w ONIMOMNI@@OA Z\O

DIMENSIONS ARE PROVIDED PRIOR TO

SURFACE TREATMENTS UNLESS NOTED.

SCALE 1=4

_ SHEET 6 OF 9




REVISIONS

DESCRIPTION

EDR [ DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

(11/4)
STK
l— 1.00” .
32
(M) ‘ﬁox g
AFTER MACHINING EAFLAT 2
[9N]
(3/47) T -
50— 7 5
AFTER | <
MACHINING |
— | B
7 06" DP. X .375" |
7 WIDE GROOVE
| ALL AROUND |
| | - $17/64” DRILL THRU
7 | P X
) | »
S | J-24 |32
. I~ |
SCALE: 5% /WNN 14 . - |
~— TP
— T T 7
- [7].005 \ N L
[ A O 'n- y & MV $6.605"
(O T~
N7 - L5 | 96,595
N 7 ) ﬂ.\\
~ O— / / Tra | 97.255" .
$7.245" — ~— -
! 24 1/4°1/16
N NT $7.43" ﬂ 2X 75°
/{ 1~
0 48.355" H . 2/85 SCALE: 5X
$8.345”
11.25" 11.25” K\
0) 98.995" 010
—
9.56" THRU 9.56" THRU (20) 35)2 1/4" L6.
BLIND MACHINING DETAIL 16 PLCS. EQUALLY SPACED FLANGE WELDMENT (BODY) 16 PLCS. EQUALLY SPACED
(FROM SHT. 3) ON $10.00" B.C. & MACHINING DETAIL ON $10.00" B.C.
(FROM SHT. 3)
- 07-2032 07-2032-6501 1 07-2032-6501 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN cD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw [FRACTION | +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGINEER | SW [~ | TTE YALE 7962 CRYOSTAT
XXX +.005
REVIEWED ANGUAR | 45 INNER VESSEL WELDMENT
INFORMATION SHOWN ON THIS 3340 SIZE | DRAWING NO. CHG.
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK | REL. DATE 11-7-07 — —
SEE 07-2032-BM—-6501 FOR BILL OF MATERIALS. AND IS NOT TO BE DISCLOSED EDR Umw ON NOMM @@OA Z\O
OR TRANSMITTED TO UNAUTHOR— DIMENSIONS ARE PROVIDED PRIOR TO
IZED PARTIES. SURFACE TREATMENTS UNLESS NOTED. |SCAE 1=4 | sHeer 7 oF 9




REVISIONS

DESCRIPTION

, 9/32" DRILL THRU
f BOTH WALLS — PLCS.

, 90 APART
3 * | )/

] 3H |-

3/8" —| ] |~ 178"

* i

A 5/8"

1 |

L T

r18 | | \// O
} —— 91/4" 1/8" X 45
HOLE CHAMFER
DETAIL, ITEM 38 DETAIL, ITEM 44 "
2 REQD. 3 REQD.
SCALE 2X SCALE 5X
—— ]
17 15/16" . 34"

1/4"

Pt
i\m__jﬂ\/\%

DETAIL, ITEM 46

1 REQD.
SCALE 2X

DWN. |CH'KD.|APP’D.|REV'D.

EDR

DATE

CHG.

SEE 07-2052-BM-6501

DETAIL, ITEM 48

1 REQD.
SCALE 2X

FOR BILL OF MATERIALS.

71/2" Q
&
©
RT 1/2° ©
2X mm
)
>
(28 3/8")
89"
R14 9/16
DETAIL, ITEM 42
1 REQ'D.
2 =
3 | e
37 m\m Q\Nﬁ_
- P = — — = — — — 7] %%q_i\m:
A\ , A »
DETAIL, ITEM 49 — 7* 1/2"
1 REQD.
SCALE 2X
- 07-2032 07-2032-6501 1 07-2032-6500 B
WEIGHT COST CENTER | CONTRACT NO. PART NUMBER  |NO. REQ'D| NEXT ASSEMBLY SIZE
R | 0 | Toemawems PHPK TECHNOLOGIES
CHECKED sw | FRACTION | +1/16" 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX £01 [TmE
ENGINEER sw e £.005 YALE T962 CRYOSTAT
REVIEWED ANGULAR | 25 INNER VESSEL WELDMENT
INFORMATION SHOWN ON THIS 3340 SIZE | DRAWING NO. CHG.
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK | REL. DATE 11-7-07 — —
AND IS NOT TO BE DISCLOSED EDR w ON MOMM @@O\_ z O
OR TRANSMITTED TO UNAUTHOR—
DIMENSIONS ARE PROVIDED PRIOR TO
IZED PARTIES. SURFACE TREATMENTS UNLESS NOTED. |SCALE 1=8 _ SHEET 8 OF 9




REVISIONS

DESCRIPTION

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

SEE 07-2052-BM-6501 FOR BILL OF MATERIALS.

NB STAMP HERE /

STAMP NB NUMBER HERE

51/2
REF

T iNB| N

METAL STAMP $" TALL CHARACTERS ]

51/2
REF

U-STAMP
WITH Al' CONCURRENCE
/ H

/’é

CERTIFIED BY
PHPK TECHNOLOGIES
COLUMBUS, OHIO 43204

|

50 PSI AT __ 100~ °F
MAX. ALLOWABLE WORKING PRESSURE

15 PSI AT __100  °F
MAX. ALLOWABLE EXTERNAL WORKING PRESS

—320  °F AT 100 P3I
MIN. DESIGN METAL TEMPERATURE

L

-

PHPK SERIAL NO.___ 4821
——

YEAR BUILT 2007

\ 02-001-060

e METAL STAMP %" TALL CHARACTERS
| METAL STAWP #" TALL CHARACTERS

L METAL STAMP $" TALL CHARACTERS

\ METAL STAMP " TALL CHARACTERS

\ METAL STAMP 5" TALL CHARACTERS

DETAIL, ITEM 85

1 REQ'D.
SCALE 5X

v3.10.15 64/156

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR—
IZED PARTIES.

- 07-2032 07-2032-6501 1 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
PR | O | Toremawees PHPK TECHNOLOGIES
CHECKED sw  [FRACTION | +1/16” 2111 BUILDERS PLACE COLUMBUS, OHIO 43204

XX £01 [
ENGINEER W 2005 YALE T962 CRYOSTAT
REVIEWED moorr | 25 INNER VESSEL WELDMENT
3340 SIZE DRAWING NO. CHG.
REL. DATE 11-7-07
—1B|  07-2032-6501 [N/C

DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NOTED.

SCALE 1=8

_ SHEET 9 OF 9




REVISIONS

DESCRIPTION

NOZZLE SCHEDULE

MARK SIZE FUNCTION

N4 14" SCH 30 ACCESS PORT
NS 2" 0D X .065" WALL TUBE PUMP-OUT PORT
NG 2" 0D X .065" WALL TUBE PUMP-OUT PORT
N7 1”7 0D X .065" WALL TUBE PUMP-OUT PORT

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

SHT. 2

1) SEE 07-2032-BM—6502 FOR BILL OF MATERIALS.

GENERAL NOTES:

20X

P ——

)

TACK
4 CORNERS - ITEM 85 TO ITEM 80

32

TACK
4 CORNERS

27"

3

—

DETAIL ”"C”

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR-—

SHT. 2
45 1/8"
(647)
OAL
N/CIN/CIN/C|N/C|N/CIN/C|N/C|N/C| REV LETTER
1716|5141 3] 2| 1 |SHEET NUMBER | 1ZED PARTEES.

32 ©
©
ITo}
©
o]
=
o~
>
DETAIL "C”
SCALE: 5X
23 7/8" | 23 7/8"
180°
-~ 2213/16" — |
- 07-2032 07-2032-6502 1 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw | FRACTION | £1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX £01 [TmE
ENGINEER | SW o £ 005 YALE T962 CRYOSTAT
REVIEWED T OUTER VESSEL WELDMENT
3348 SIZE DRAWING NO. CHG.
REL. DATE 11-14-07
~B| 07-2032-6502 |N/C
DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NoTED. | SCALE 1=16 | sueer 1 oF 8




REVISIONS

DESCRIPTION

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

SEE HEAD FLANGE
WELDMENT & MACHINING
DETAIL, SHT. 4

i NNNB

SEE BODY FLANGE
WELDMENT & MACHINING
DETAIL, SHT. 5

24 1/16" DIA. HOLE
THRU ONE WALL

P22

SEE 07-2052-BM-6502 FOR BILL OF MATERIALS.

T/m 1/2" DIA. HOLE

SECTION “A-A”

(FROM SHT. 1)

THRU ONE WALL

DETAIL ”D”
SCALE: BX

SEE BODY FLANGE
WELDMENT & MACHINING
DETAIL, SHT. 7

SEE BLIND
MACHINING
DETAIL, SHT. 6

DETAIL "D”

v3.10.15 66/156

180°
SECTION "B-B”
(FROM SHT. 1)
- 07-2032 . 07-2032-6502 1 07-2032-6500 B
WEIGHT | COST CENTER | CONTRACT NO. PART NUMBER  |NO. REQ'D| NEXT ASSEMBLY | SIZE
A | | Towmes PHPK TECHNOLOGIES
CHECKED | Sw | FRACTION | +1/16" 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGINEER w X =01 [mme
X 2005 YALE T962 CRYOSTAT
REVIEWED NGUAR | 25 OUTER VESSEL WELDMENT
INFORMATION SHOWN ON THIS 3348 SIZE DRAWING NO. CHG.
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK | REL. DATE 11-14-07 — —
AND IS NOT TO BE DISCLOSED EDR w ON NOUN @@ON Z\O
OR TRANSMITTED TO UNAUTHOR—
DIMENSIONS ARE PROVIDED PRIOR TO
IZED PARTIES. SURFACE TREATMENTS UNLESS NOTED. |SCALE 1=12 _ SHEET 2 oF 8




REVISIONS

DESCRIPTION

EDR | DWN. |CH’KD.|APP’D.|REV'D.

DATE

CHG.

SEE SHT. 7 FOR MACHINING DETAILS

1/4
1/4
1/4

32

14 1/16" DIA. HOLE THRU

31/2" L.

SEE 07-2032-BM-6502 FOR BILL OF MATERIALS.

[=— 75" MIN.

NOZZLE DETAIL: "N4”

(FROM SHT. 2)

2 1/32" DIA. HOLE THRU

32
1/32

14" o |

NOZZLE DETAIL: "N5 & N6~

(FROM SHT. 2)
SCALE: 2X

TACK WELD 32
UNTIL NEXT ASSY

NOZZLE DETAIL: "N7”

(FROM SHT. 2)

9/16" DIA. HOLE THRU

v3.10.15 67/156

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR-—
IZED PARTIES.

SCALE: 3X
- 07-2032 07-2032-6502 1 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw | FRACTION | +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX +.01 TITLE
ENGINEER Sw X 005 YALE T962 CRYOSTAT
REVIEWED aNUAR | 25 OUTER VESSEL WELDMENT
3348 SIZE DRAWING NO. CHG.
REL. DATE 11-14-07
=B | 07-2032-6502 |N/C

DIMENSIONS ARE PROVIDED PRIOR T0 [ ScAlE

SURFACE TREATMENTS UNLESS NOTED.

_ SHEET 3 OF 8




REVISIONS

DESCRIPTION

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

FLANGE WELDMENT (HEAD)
& MACHINING DETAIL

(FROM SHT. 2)

SEE 07-2052-BM-6502 FOR BILL OF MATERIALS.

9.69" THRU

20 PLCS. EQUALLY SPACED

ON #46.00" B.C.

|
p

(2 3/4)

STK
f— 2.25"

AFTER MACHINING

—

S (N

v3.10.15 68/156

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR—
IZED PARTIES.

32
A\Bﬂ
)Y |
SCALE: 5X
Y
[71.010
32
1/16
1/4°1/16
75
- 07-2032 07-2032-6502 1 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw | FRACTION | £1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGNEER | SW o SO JTME YALE T962 CRYOSTAT
XXX +.005
REVIEWED TR OUTER VESSEL WELDMENT
3348 SIZE DRAWING NO. CHG.
REL. DATE 11-14-07
~ 1B | 07-2032-6502 |N/C

DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NOTED.

SCALE 1-§

_w_._m_..l_. 4 oF 8




REVISIONS

DESCRIPTION

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

9.69"THRU

20 PLCS. EQUALLY SPACED
ON #46.00" B.C.

FLANGE WELDMENT (BODY)
& MACHINING DETAIL

SEE 07-2052-BM-6502 FOR BILL OF MATERIALS.

(FROM SHT. 2)

(
— 208" —

AFTER MACHINING

2 3/4) —— =

STK

(MIN.)

1/4
% /
~

TACK
EA FLAT

[}
N
v3.10.15 69/156

NI

943.06"
$43.00"
GROOVE 1.D.

%

(TO WORK

POINTS)
e

R.02"
R.09"
% / 66"
]
. wp
350
358" =
wp

SCALE: 5X

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR—
IZED PARTIES.

R.09”
L R.02"
276"
286"
SCALE: 5X
- 07-2032 . 07-2032-6502 1 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CD TOLERANCES
! PHPK TECHNOLOGIES
CHECKED Sw | FRACTION | +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX £01 [TmE
ENGINEER sw X 2,005 YALE T962 CRYOSTAT
REVIEWED NGUAR | 25 OUTER VESSEL WELDMENT
3348 SIZE DRAWING NO. CHG.
. 11-14-07
=B | 07-2032-6502 |N/C

DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NOTED.

SCALE 18

_ SHEET 5 OF 8




DESCRIPTION

REVISIONS

EDR | DWN. |CH’KD.|APP’D.|REV'D.

DATE

CHG.

(3/4) 3
STK S
—] 50" | w
AFTER S
MACHINING 3
J 11.25 7
225 o
- ~ — 7
eI *
| @
\ & / 7
2N
SCALE: 5X
Y
71010
1800" | |
0.D.
$.69” THRU
16 PLCS. EQUALLY SPACED -
ON #16.50" B.C.
BLIND MACHINING DETAIL
(FROM SHT. 2)
- 07-2032 . 07-2032-6502 1 07-2032-6500 B
WEIGHT | COST CENTER | CONTRACT NO. PART NUMBER  |NO. REQ'D| NEXT ASSEMBLY | SIZE
DRAWN cD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw | FRACTION| £1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX £.01
TITLE
ENGINEER W 008 YALE T962 CRYOSTAT
REVIEWED ANGUAR | 45 OUTER VESSEL WELDMENT
INFORMATION SHOWN ON THIS 3348 SIZE DRAWING NO. CHG.
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK | REL. DATE 11-14-07 — — \
SEE 07-2032-BM-6502 FOR BILL OF MATERIALS. AND IS NOT TO BE DISCLOSED EDR w ON NOMM @@ON z. O
OR TRANSMITTED TO UNAUTHOR—
DIMENSIONS ARE PROVIDED PRIOR TO
IZED PARTIES. SURFACE TREATMENTS UNLESS NOTED. | SCALE 1=4 | steer 6 or 8




REVISIONS

DESCRIPTION

EDR [ DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

22.5

FLANGE WELDMENT (BODY)

& MACHINING DETAIL
(FROM SHT. 2)

SEE 07-2032-BM-6502 FOR BILL OF MATERIALS.

9.69" THRU

16 PLCS. EQUALLY SPACED
ON #16.50" B.C.

N\

Wil
-

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR-—
IZED PARTIES.

- (1) ]
STK
- 1.38" E—
(MIN.) 30 et
AFTER MACHINING Tack =
EA FLAT o
N =
o~
99 i
3/8
/ 32
3/8
$14.56"
$14.50"
GROOVE 1.D.
WNN\ SCALE: 5X
[7].010 R 06"
255"
257"
(TO WORK
POINTS)
I
R.06”
201"
211"
SCALE: 5X
- 07-2032 07-2032-6502 1 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw [FRACTION | +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGINEER w2 01 [mme
T oons YALE T962 CRYOSTAT
REVIEWED o s OUTER VESSEL WELDMENT
3348 SIZE DRAWING NO. CHG.
REL. DATE 11-14-07
1B | 07-2032-6502 |N/C
DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NOTED. | SCALE 1=4 _ SHEET 7 OF 8




REVISIONS

DESCRIPTION

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

SEE 07-2032-BM-6502 FOR BILL OF MATERIALS.

NB STAMP HERE /

51/2
REF
STAMP NB NUMBER HERE

/E

//B

\ 02-001-060

METAL STAMP $" TALL CHARACTERS ]

51/2
REF

METAL STAMP %" TALL CHARACTERS ]

7

DUPLICATE

U-STAMP
WITH Al' CONCURRENCE
/ H

/

CERTIFIED BY
PHPK TECHNOLOGIES
COLUMBUS, OHIO 43204

|

50 PSI AT __ 100~ °F

MAX. ALLOWABLE WORKING PRESSURE

15 PSI AT
MAX. ALLOWABLE EXTERNAL WORKING PRESS

-320 °F AT 30 PS
MIN. DESIGN METAL TEMPERATURE

PHPK SERIAL NO.___ 4821
——
YEAR BUILT 2007

d

1007 °F

\i\

I

-

\ METAL STAMP %" TALL CHARACTERS

e METAL STAMP " TALL CHARACTERS

L METAL STAMP $" TALL CHARACTERS

\ METAL STAMP " TALL CHARACTERS

\ METAL STAMP 5" TALL CHARACTERS

DETAIL, ITEM 85

NAMEPLATE- DUPLICATE
1 REQ'D.
SCALE 5X

v3.10.15 72/156

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR—
IZED PARTIES.

- 07-2032 07-2032-6502 1 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
PR | O | Touemaees PHPK TECHNOLOGIES
CHECKED sw | FRACTION | +1/16” 2111 BUILDERS PLACE COLUMBUS, OHIO 43204

XX £01 [TmE
ENGINEER SW " 2005 YALE T962 CRYOSTAT
REVIEWED nouR | 25 OUTER VESSEL WELDMENT
3348 SIZE DRAWING NO. CHG.
REL. DATE 11-14-07
~B| 07-2032-6502 [N/C
DIMENSIONS ARE PROVIDED PRIOR TO  [Soaf

SURFACE TREATMENTS UNLESS NOTED.

1=8 _ SHEET 8 OF 8




REVISIONS

DESCRIPTION

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

SHT. 2

SEE 07-2052-BM-6505 FOR BILL OF MATERIALS.

13/4” 16.(38)

NOZZLE SCHEDULE

MARK SIZE FUNCTION 3
@
ol o N8 [11/2" OD X .083" WALL TUBE |  INSTRUMENT PORT o
o) 0) e
O ——— O N9 |1/2” 0D TUBE, SWAGELOK FTG. LIQUID FILL m
= o
o) 2 N0
7 Q
o/ NN
/ \
o/l WO
/ \
U Ll
A\ ‘ A\
| ‘
, |
OWW IO
\ y
O\ /)0
y
\ ?
O N 7 (@)
Y Ny — — g
(@) ——— (@)
(@) O
(@) (@)
B
SHT. 2 |
20 5/16" 20012 3/16" LG
- AFTER I O / _
FINAL
MACHINING -
8 13/16"
(30) 7 5/16" LG.
WL
SHT. 2
- 07-2032 07-2032-6503 1 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw | FRACTION | £1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGNEER | W || TOL [TME YALE T962 CRYOSTAT
XXX +.005 O
REVIEWED oo as CHIMNEY WELDMENT
INFORMATION SHOWN ON THIS 2356 SIZE | DRAWING NO. CHG.
DRAWING IS PROPRIETARY AND
REL. DATE 11-20-07 _ _
N/CIN/C[N/C[N/C|  REV LETTER | THE SOlE PROPERTY of Pk — | B 07-2032-6505 |N/C
OR TRANSMITTED TO UNAUTHOR-—
4| 3| 2|1 |SHEET NUMBER | izED PaRTEES. SURFACE, TREATMENTS UNLESS NoTED. | SCALE 1=8 | sHEeT 1 oF 4




REVISIONS

DESCRIPTION

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

SECTION ”"C-C”

WELDMENT & MACHINING
DETAIL, SHT. 4

|
I
SEE BODY FLANGE —— = %

SEE 07-2032-BM—-6503 FOR BILL OF MATERIALS.

{a |
1/8

SECTION "A-A”

(FROM SHT. 2)

NI/2 O
v 8
AN\ ANNY
/ /\ﬂ\az
Nx? RN 9/16"
4 3/16"
|

SECTION “B-B”

(FROM SHT. 2)

| 34 -
38 ——|  |=— ] = 1/8"
b e
(A B o
o1/4 1/8" X 45°
HOLE CHAMFER
2 PLCS.

DETAIL, ITEM 60

4 REQ'D.
SCALE 5X

(20012 3/16” LG.

32

(30) 7 5/16” LG.

v3.10.15 74/156

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR—
IZED PARTIES.

|
338
| ——

- 07-2032 07-2032-6503 1 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES

i PHPK TECHNOLOGIES
CHECKED sw |FRACTION| +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGNEER | W || TOL [TME YALE T962 CRYOSTAT
XXX +.005
REVIEWED T CHIMNEY WELDMENT
3356 SIZE DRAWING NO. CHG.
REL. DATE 11-20-07
—1B|  07-2032-6503 |N/C
DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NOTED. SCALE 1=8 _ SHEET 2 OF 4




REVISIONS

DESCRIPTION

EDR | DWN. |CH’KD.|APP’D.|REV'D.

DATE

CHG.

Cﬂ/
N
YN
>~ >~
[
N | N

pd 1.17/32" DIA. HOLE THRU

NOZZLE DETAIL: "N9”

SEE 07-2032-BM-6503 FOR BILL OF MATERIALS.

NOZZLE DETAIL: "N8”
(FROM SHT. 2)
SCALE: 5X

(FROM SHT. 2)

v3.10.15 75/156

7/8" DIA. HOLE THRU

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR—
IZED PARTIES.

SCALE: 5X
- 07-2032 07-2032-6503 1 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE

DRAWN CcD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw  [FRACTION | +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX £01 [T
ENGINEER W 2008 YALE T962 CRYOSTAT
REVIEWED T CHIMNEY WELDMENT
3356 SIZE DRAWING NO. CHG.
REL. DATE 11-20-07
= B|  07-2032-6503 |N/C
DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NOTED. | SCALE 1=4 | seer 3 oF 4




REVISIONS

DESCRIPTION

EDR | DWN. |CH’KD.|APP’D.[REV'D.

DATE

CHG.

9.68" THRU
H- A, 26 PLCS. EQUALLY SPACED
>
Q

$21.005"
$20.995"
$20.355"
$20.345"
919.30" A—o
06" DP. X .375" "
$19.005
WIDE GROOVE T —o
ALL AROUND 418,355 '
$18.345"
200"
— — — N — — 204" 3
NG 2 71,005
, 7 » 32/83
o | %\[ |
STK '

(MIN.)
AFTER MACHINING

SCALE: 5X

SEE 07-2032-BM-6503 FOR BILL OF MATERIALS.

v3.10.15 76/156

M” ON $22.25 B.C.
———
// S
N
N
0
N
\
\ O,
\
| IVIPS
| ‘
]
/
/
/
V
7
Z (@]
=
—
P ”
O
S,
24.00"
_ 0.D.
~N
N
.y O
ﬁ :
/ »
- (20) 12 3/16” LG.
FLANGE WELDMENT (BODY)
& MACHINING DETAIL
(FROM SHT. 2)
ROTATED 22.5" C.C.W.
- 07-2032 . 07-2032-6503 1 07-2032-6500 B
WEIGHT COST CENTER | CONTRACT NO. PART NUMBER  [NO. REQ’D| NEXT ASSEMBLY SIZE
DA | D | TOLERWeR PHPK TECHNOLOGIES
CHECKED sw | FRACTION| +1/16" 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGINEER w | £01 e
X 1.005 YALE T962 CRYOSTAT
REVIEWED ANGULAR | 25 CHIMNEY WELDMENT
INFORMATION SHOWN ON THIS 3356 SIZE | DRAWING NO. CHG.
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK | REL. DATE 11-20-07 — —
AND IS NOT TO BE DISCLOSED EDR Hw ON MOMN @@Ou Z. O
OR TRANSMITTED TO UNAUTHOR—
DIMENSIONS ARE PROVIDED PRIOR TO
IZED PARTIES. SURFACE TREATMENTS UNLESS NoTep. | SCALE 1=8 _ SHEET 4 oOF 4




REVISIONS

DESCRIPTION

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

SEE 07-2032-BM-6504 FOR BILL OF MATERIALS.

////////
\ ///////O
RN

WwhO
11

2
]

ve v Ey

%
=

SECTION “A-A”

v3.10.15 77/156

N/C

REV LETTER

SHEET NUMBER

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR—
IZED PARTIES.

- 07-2032 07-2032-6504 1 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
PRAWN | 0 | TOLERANGES PHPK TECHNOLOGIES
CHECKED sw | FRACTION| +1/16” 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGINEER | SW | 20T me YALE T962 CRYOSTAT

XXX +.005
REVIEWED I CHIMNEY ASSY
3368 SIZE DRAWING NO. CHG.
REL. DATE 12-3-07
= B| 07-2032-6504 |N/C
DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NOTED. SCALE 1=8 _ SHEET 1 OF 1




REVISIONS

DESCRIPTION

EDR [ DWN. [CH'KD.|APP’D.|REV'D.

DATE

CHG.

10X 10X

SEE 07-2052-BM-6506 FOR BILL OF MATERIALS.

NOZZLES 2X

(N11] & [N12]

NOZZLES 3X

N16] U [N18]

[N13] THRU

9 7/167)

N15]

NOZZLE SCHEDULE

MARK FLANGE SIZE / TYPE PIPE / TUBE SIZE
N10 8" 0D CF 6" NPS SCH 40
N11, N12 4 5/8" 0D CF 370D X .25" WALL
N13, N14, N15 2 3/47 0D CF 1.1/27 0D X .19 WALL
N16, N17, N18 VCR, SWAGELOK FTG. 1/2" 0D X .035" WALL
N19 KF25 1/2" OD TUBE, SWAGELOK FTG.

!

75"
MIN.

v3.10.15 78/156

(AFTER WELDING) 32/ 75T 005

FINAL MACHINING—AFTER WELD

»

N/C

N/C

REV LETTER

SHEET NUMBER

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR-—
IZED PARTIES.

SCALE: 5X
- 07-2032 07-2032-6506 1 07-2032-6504 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D] NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw | FRACTION| +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGNEER | W || TOL [TME YALE T962 CRYOSTAT
XXX +.005
REVIEWED ANGUAR | 25 COVER PLATE ASSY
3368 SIZE DRAWING NO. CHG.
REL. DATE 12-3-07
B |  07-2032-6506 |N/C
DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NOTED. SCALE 1=8 _ SHEET 1 OF 4




REVISIONS

DESCRIPTION

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

20

>

4

®

\. i u\a__ -

6 9/16”

r

@)
\@ 2 3/8" (6.
!
L

(13/8)

1/4
45

SEE 07-2032-BM-6506 FOR BILL OF MATERIALS.

NOZZLE DETAIL: "N10”

(FROM SHT. 1)
SCALE: 2X

R1/16"
TYP.

Al

v3.10.15 79/156

1/8"
~——————26)4 13/16” LG.
Ny
30 |-
10X
1/8
um? &)
— 1 )
4 3/16"
32
1/4
R1/16"
3 TYP.
\4\# 9 ” 9 9
45 NOZZLE DETAIL: "N11 & N12
(FROM SHT. 1)
SCALE: 2X
- 07-2032 07-2032-6506 1 07-2032-6504 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN cD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw [FRACTION | +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGNEER | SW [ =0 [ TTE YALE 7962 CRYOSTAT
XXX +.005
REVIEWED ANGUAR | 25 COVER PLATE ASSY
INFORMATION SHOWN ON THIS 3368 SIZE DRAWING NO. CHG.
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK | REL. DATE 12-3-07 — —
AND IS NOT TO BE DISCLOSED EDR Hw ON NOMM @@O@ Z O
OR TRANSMITTED TO UNAUTHOR-
DIMENSIONS ARE PROVIDED PRIOR TO
IZED PARTIES. SURFACE TREATMENTS UNLESS NOTED. |[SCAE 1=4 | sweer 2 oF 4




REVISIONS

DESCRIPTION

EDR | DWN. |CH'KD.|APP’D.|REV'D.

DATE

CHG.

= 1/167
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NOZZLE DETAIL: "N13”,”14”&”N15”

(FROM SHT. 1)
SCALE: 3X

SEE 07-2032-BM-6506 FOR BILL OF MATERIALS.

41/2"

i 1/32
32
1/8
1/8
NOZZLE

DETAIL: "N16”,”17”&”N18”

(FROM SHT. 1)
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DETAIL, ITEM 80
2 REQD.
SCALE: 3X

DETAIL,

ITEM 82

1 REQ'D.
SCALE: 3X
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NOZZLE DETAIL: "N19”

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR-—
IZED PARTIES.

(FROM SHT. 1)
SCALE: 3X
- 07-2032 07-2032-6506 1 07-2032-6504 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw [FRACTION | +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENoNEER | W || ZOL fTmE YALE T962 CRYOSTAT
XXX +.005
REVIEWED oo e COVER PLATE ASSY
3368 SIZE DRAWING NO. CHG.
REL. DATE 12-3-07
= |B| 07-2032-6506 |N/C
DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NOTED. | SCALE 1=4 | seer 3 oF 4




REVISIONS

DESCRIPTION

EDR [ DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

9.09”

96.69" Q\®\|
HOLE / :
N\
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SEE 07-2032-BM-6506 FOR BILL OF MATERIALS.

ITEM 1 DRILLING DETAIL

(FROM SHT. 1)

26 PLCS. EQUALLY SPACED
ON $22.25 B.C.

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR-—
IZED PARTIES.
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>
- 07-2032 07-2032-6506 1 07-2032-6504 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw | FRACTION | +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
XX +01 [TmE
ENGINEER Sw X 005 YALE T962 CRYOSTAT
REVIEWED AR | 25 INNER VESSEL WELDMENT
3368 SIZE DRAWING NO. CHG.
REL. DATE 12-3-07
=B | 07-2032-6506 |N/C

DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NOTED.

SCALE 1-4

_ SHEET 4 OF 4




REVISIONS

DESCRIPTION

EDR | DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

2X

2X

04 TYP

SEE 07-2032-BM-6507 FOR BILL OF MATERIALS.

-~ 1
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33/4" H
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2 5/8
2X

(56")

v3.10.15 82/156

N/C

N/C

REV LETTER

SHEET NUMBER

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR-—
IZED PARTIES.

2-6 ,
1/4 21 5/8
/ 04 TYP N\
WRAP
CORNERS .
15 1/2
1/4N28 2
04 TYP
1/4V72=6 N wrap
CORNERS
] [ H
- 07-2032 . 07-2032-6507 2 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
PN | P | Touemawoes PHPK TECHNOLOGIES
CHECKED sw [FRACTION| £1/16” 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENoneeR | W || TOL [TME YALE T962 CRYOSTAT
XXX +.005 m
REVIEWED ouR | 25 ADDLE ASSY
3356 SIZE DRAWING NO. CHG.
REL. DATE 11-20-07
= B| 07-2032-6507 [N/C
DIMENSIONS ARE PROVIDED PRIOR TO SCALE 1=8

SURFACE TREATMENTS UNLESS NOTED.

_ SHEET 1 OF 2




REVISIONS

DESCRIPTION

DWN. |CH'KD.|APP’D.|REV'D.

EDR

DATE

CHG.

(56")
11/2" —— 53"
A - - - I (8
o
&
f
$13/16"
2 HOLES 1/2°
| — - ﬁ
»
DETAIL, ITEM 1
2 REQ'D.
1/2"
[ ] ﬁ
%
R21"
45
2x
(21 1/8")
2X
15"
12"
2x
(48")

SEE 07-2032-BM-6507 FOR BILL OF MATERIALS.

DETAIL, ITEM 5

4 REQD.

e e 172

INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK
AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR—
IZED PARTIES.
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w o I 3
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HOLE
(157
17 X 45
DETAIL, ITEM 10 CHAVFER
4 REQD. 4X
l— (5") ——| e e 12
(21 1/8")
DETAIL, ITEM 15 w_r>xzwwﬂ
4 REQD. i
- 07-2032 07-2032-6507 2 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
PN | ©0 | TOuemANees PHPK TECHNOLOGIES
CHECKED sw  [FRACTION | +1/16" 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENONEER | sw o TOL JTLE YALE T962 CRYOSTAT
XXX +.005
REVIEWED v [ 55 SADDLE ASSY
3356 SIZE DRAWING NO. CHG.
REL. DATE 11-20-07 — U_w ONINOMNI@@ON Z\O
DIMENSIONS ARE PROVIDED PRIOR TO  [oae ;o [sweer 2 or 2

SURFACE TREATMENTS UNLESS NOTED.




REVISIONS

DESCRIPTION

EDR [ DWN. [CH’KD.|APP’D.|REV'D.

DATE

CHG.

TYP 04

SEE 07-2032-BM-6511

| 2" ]

|— 2" —]

/8

FOR BILL OF MATERIALS.

04 TYP

| | | | .
[0 K 1 T <
» 3
[ce]
| | | | 2
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|-— 2.50" 9.00” 2.50" —=]| i
>
1.00" —= - 97/16" DRILL
8 HOLES
T / T
6" 4.00”
1.00”
16"
DETAIL, ITEM 1
3 REQD.
5
28.67 =~
ﬁ 1/2" \/
» _ \
55/8"
DETAIL, ITEM 5
6 REQD.
- 07-2032 07-2032-6511 3 07-2032-6500 B
WEIGHT | COST CENTER | CONTRACT NO. PART NUMBER |NO. REQ'D] NEXT ASSEMBLY | SIZE
DRAWN cD TOLERANCES
i PHPK TECHNOLOGIES
CHECKED sw [FRACTION | +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGINEER sw | =01 TTme
o 2005 YALE T962 CRYOSTAT
REVIEWED aNeUR | 25 SUPPORT ASSY
INFORMATION SHOWN ON THIS 3356 SIZE DRAWING NO. CHG.
DRAWING IS PROPRIETARY AND
THE SOLE PROPERTY OF PHPK | REL. DATE 11-20-07 — —
AND IS NOT TO BE DISCLOSED EDR Umw ON MOUN @@\_\_ z. O
OR TRANSMITTED TO UNAUTHOR—
DIMENSIONS ARE PROVIDED PRIOR TO
IZED PARTIES. SURFACE TREATMENTS UNLESS NOTED. | SCAE 1=4 | steer 1 o 1




REVISIONS

DESCRIPTION

EDR | DWN. |CH’KD.|APP’D.|REV'D.

DATE

CHG.

SEE 07-2032-BM-6512 FOR BILL

OF MATERIALS.
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INFORMATION SHOWN ON THIS
DRAWING IS PROPRIETARY AND
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DETAIL, ITEM 1 DETAIL, ITEM 5
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DETAIL, ITEM 10
2 REQD.
- 07-2032 07-2032-6512 2 07-2032-6500 B
WEIGHT COST CENTER CONTRACT NO. PART NUMBER NO. REQ'D| NEXT ASSEMBLY SIZE
DRAWN CcD
DR PHPK TECHNOLOGIES
CHECKED sw | FRACTION | +1/16 2111 BUILDERS PLACE COLUMBUS, OHIO 43204
ENGINEER sw | =01 TTme
o 008 YALE T962 CRYOSTAT
REVIEWED ANGUAR | 45 SUPPORT ASSY
3356 SIZE DRAWING NO. CHG.
THE SOLE PROPERTY OF PHPK | REL. DATE 11-20-07 oR w ON|MOMN|®@\_ M Z\O

AND IS NOT TO BE DISCLOSED
OR TRANSMITTED TO UNAUTHOR-—

IZED PARTIES.

DIMENSIONS ARE PROVIDED PRIOR TO
SURFACE TREATMENTS UNLESS NOTED.

SCALE 1=4
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Printed: 12/10/2007, 10:35 AM Page 1 of 1
NAME DATE PHPK T h | . DRAWING NO:
PREPARED cD 12-10-07 ecnno ogles 07-2032-BM-6500
CHECKED SwW 12-10-07 2111 BUILDERS PLACE - COLUMBUS, OH 43204 - - -
ENGINEER Sw 12-10-07 ORIGINAL RELEASE DATE  |DRAWING TITLE REVISION LETTER: N/C
REVIEWED PART NUMBER 07-2032-6500
12-10-07 YALE T962 CRYOSTAT
WORK ORDER NO. 07 2032 FINAL ASSY NO. REQUIRED 1
CONTRACT NO. NEXT ASSEMBLY
BILL OF MATERIAL
REVISION COST ITEM
LTrNoTE | QY- |UNITS|  S5oF | NUMBER | PART NUMBER DESCRIPTION MATERIAL PURCH NOTES
1 EA 1 07-2032-6501 | INNER VESSEL WELDMENT
1 EA 2 07-2032-6502 | OUTER VESSEL WELDMENT
1 EA 3 07-2032-6504 | CHIMNEY ASSY
2 EA 4 07-2032-6507 | SADDLE ASSY
3 EA 5 07-2032-6511 | SUPPORT ASSY
2 EA 6 07-2032-6512 | SUPPORT ASSY
1 EA 10 COM'L PLATE CIRCLE - 3/8" THK X 6.62" OD ASME SA240 304 7
1 EA 20 COM'L PLATE, .190" THK X 26 1/4" LG. ROLLED TO 21" INS RAD. ASME SA240 304 57,8
1 EA 30 07-07-0086 PIPE, 4" NPS SCH 40 (.237" WALL) WELDED X 3" LG. ASME SA312 TP304 7
1 EA 32 07-07-0088 PIPE, 6" NPS SCH 40 (.280" WALL) WELDED X 3" LG. ASME SA312 TP304 3,7
1 EA 34 07-06-0096 PIPE, 24" NPS STD WT (.375" WALL) WELDED X 13 3/16" LG. ASME SA312 TP304 2,7
1 EA 40 07-00-0019 TUBE, 1" OD X .065" WALL X 7/8" LG. SEAMLESS ASME SA269 304L
2 EA 42 COM'L TUBE, 1 3/4" OD X 3/8" WALL X 3 3/4" LG. G-10 1,6
1 EA 44 COM'L TUBE, 4" OD X .25" WALL X 8" LG. G-10 4,6
1 EA 50 COM'L FLANGE, QF25 X 1" - KJ LESKER P/N QF25-100-SBB 304L SST
3 EA 52 COM'L FLANGE, BLANK, QF25 X 1" - KJ LESKER P/N QF25-100-SB 304L SST
2 EA 54 COM'L FLANGE, BLANK, QF50 X 2" - KJ LESKER P/N QF50-200-SB 304L SST
3 EA 60 COM'L CENTERING RING, 1" - KJ LESKER P/N QF25-100-SRV SSTVITON
2 EA 62 COM'L CENTERING RING, 2" - KJ LESKER P/N QF50-200-SRV SST/VITON
3 EA 70 COM'L CLAMP, 1" - KJ LESKER P/N QF25-100-MC MACHINED ALUMINUM
2 EA 72 COM'L CLAMP, 2" - KJ LESKER P/N QF50-200-MC MACHINED ALUMINUM

PURCHASING NOTES:

THIS ITEM HAVE BEEN PREVIOUSLY PROCURED ON 07-2032-BM-6501 AS ITEM #40, CHANGED LENGTH FROM 5 3/4" LG. TO 3 3/4" LG.

2 THIS ITEM HAVE BEEN PREVIOUSLY PROCURED ON 07-2032-BM-6502 AS ITEM #30, CHANGED LENGTH FROM 16" LG. TO 13 3/16" LG.
3 THIS ITEM HAVE BEEN PREVIOUSLY PROCURED ON 07-2032-BM-6502 AS ITEM #40.
4 THIS ITEM HAVE BEEN PREVIOUSLY PROCURED ON 07-2032-BM-6502 AS ITEM #45.
5 THIS ITEM HAVE BEEN PREVIOUSLY PROCURED ON 07-2032-BM-6502 AS ITEM #50.
6 THIS MATERIAL IS IN PHPK RESIDUAL STOCK.
7 CERTIFIED MATERIAL TEST REPORTS INCLUDING PHYSICAL AND CHEMICAL ANALYSIS ARE REQUIRED WITH THIS MATERIAL.
8 SEE SKETCH 07-2032-6502-50.
REVISIONS
CHANGE DATE DWN CHK EDR DESCRIPTION
N/C 1) ADDED ITEM _2) REVISED QUANTITY 3) REVISED DESCRIPTION 4) DELETED ITEM
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Printed: 12/3/2007, 11:10 AM Page 1 of 2
NAME DATE . DRAWING NO:
PHPK Technologies
PREPARED Sw 10-05-07 07-2032-BM-6501
CHECKED KAK 10-05-07 2111 BUILDERS PLACE - COLUMBUS, OH 43204 - - -
ENGINEER SW 10-05-07 ORIGINAL RELEASE DATE  |DRAWING TITLE REVISION LETTER: C
REVIEWED PART NUMBER
10-05-07 YALE T962 CRYOSTAT
WORK ORDER NO. 07 2032 INNER VESSEL WELDMENT NO. REQUIRED
CONTRACT NO. NEXT ASSEMBLY
BILL OF MATERIAL
REVISION COST ITEM
LTrNoTE | QTY- |UNITS|  S5oF | NumBER | PART NUMBER DESCRIPTION MATERIAL PURCH NOTES
, HEAD, ASME F&D - 3/16" NOM THK (.12" MIN) X 30" OD WITH 1 1/2" SF,
1 EA L comL WELD PREP I.D. @ 37 1/2° WITH NO LAND (SHARP EDGE) ASME SA240 304 L7
, HEAD, ASME F&D - 3/16" NOM THK (.12" MIN) X 30" OD WITH 1 1/2" SF,
! EA 5 comL WELD PREP O.D. @ 37 1/2° WITH 1/32" LAND ASME SA240 304 L7
CYLINDER - 3/16" THK X 34 11/16" LONG X 30" OD
, BEVEL ONE END ON I.D. @ 37 1/2° WITH NO LAND (SHARP EDGE)
L EA 10 comL BEVEL ONE END ON O.D. @ 37 1/2° WITH 1/32" LAND ASME SA240 304 27
A2, B5 1 EA 15 COM'L PLATE RING - 2 3/4" THK X 29.62" ID X 36.00" OD ASME SA182 F304 3,7
Al, B5 1 EA 16 COM'L PLATE RING - 2 1/2" THK X 29.62" ID X 36.00" OD ASME SA182 F304 3,7
1 EA 20 COM'L PLATE RING - 1 1/4" THK X 6.17" ID X 11.25" OD ASME SA240 304 4,7
1 EA 25 COM'L PLATE CIRCLE - 3/4" THK X 11.25" OD ASME SA240 304 5,7
Bl 1 EA 26 COM'L PLATE CIRCLE - 1/2" THK X 19.00" OD ASME SA240 304 9
B3, BS 1 EA 30 COM'L CYLINDER, 18" OD X .165" WALL X 11" LG ASME SA240 304 2,7
1 EA 35 COM'L PIPE, 6" NPS SCH 40 (.280" WALL) WELDED X 20" LG ASME SA312 TP304 7
Bl 1 EA 37 07-07-0086 PIPE, 4" NPS SCH 40 (.237" WALL) WELDED X 3" LG. ASME SA312 TP304
Bl 2 EA 38 07-00-0081 PIPE, 1 1/2" NPS SCH 5 (.065" WALL) WELDED X 3" LG. ASME SA312 TP304
B4 40
Bl 6 FT 42 07-00-0014 TUBE, 1/2" OD X .049" WALL SEAMLESS ASME SA269 304L
Bl 3 FT 43 40-0000-61049 | TUBE, 1/4" OD X .035" WALL SEAMLESS ASME SA269 304L
Bl 2 EA 44 COM'L PLATE, 1/8" THK X 3/4" X 1" ASME SA240 304
Bl 1 EA 45 07-00-0014 TUBE, 1/2" OD X .049" WALL X 12 7/16" LG. SEAMLESS ASME SA269 304L
Bl 1 EA 46 COM'L BAR, FLAT - 3/4" THK X 1" X 17 15/16" LG. ASME SA240 304 7
Bl 2 EA 47 COM'L BAR, RD - 1/4" OD X 2 1/4" LG. 316 SST
Bl 1 EA 48 COM'L BAR, FLAT - 3/4" THK X 1" X 18 11/16" LG. ASME SA240 304 7
Bl 1 EA 49 COM'L BAR, FLAT - 3/4" THK X 1" X 37 5/8" LG. ASME SA240 304 7
Bl 1 EA 50 12-001-122 UNION TEE, SOCKET WELD, 1/2" TUBE, SWAGELOK P/N SS-8-TSW-3 316 SST
Bl 1 EA 51 12-001-123 UNION, SOCKET WELD, 1/2" TUBE, SWAGELOK P/N SS-8-TSW-6 316 SST
Bl 1 EA 53 12-001-048 UNION, SOCKET WELD, 1/4" TUBE, SWAGELOK P/N SS-4-TSW-6 316 SST
Al 2 EA 60 COM'L SEAL GARLOCK HELICOFLEX P/N H-310207 8
Al 2 EA 61 COM'L SEAL GARLOCK HELICOFLEX P/N H-310208 8
Al 2 EA 63 COM'L SEAL GARLOCK HELICOFLEX P/N H-310209 8
Al 2 EA 64 COM'L SEAL GARLOCK HELICOFLEX P/N H-310210 8
Al 2 EA 65 COM'L SEAL GARLOCK HELICOFLEX P/N H-310211 8
Al 2 EA 66 COM'L SEAL GARLOCK HELICOFLEX P/N H-310212 8
Bl 1 EA 80 70-001-050 BRACKET, ASME CODE NAMEPLATE 304 SST
Bl 1 EA 85 70-001-300 NAMEPLATE, ASME DIV 1 PRESSURE VESSEL 304 SST
B1,C5 16 EA 89 COM'L SCREW, HEX HD 1/2"-13UNC X 2 1/4" LG. ASME SA320 GR B8
B1,C5 32 EA 90 COM'L SCREW, HEX HD 3/4"-10UNC X 5 3/4" LG. ASME SA320 GR B8
Bl 16 EA 94 10-4100-00 NUT, HEX, 1/2"-13 UNC ASME SA194 GR. 8
Bl 32 EA 95 10-4100-02 NUT, HEX, 3/4"-10 UNC ASME SA194 GR. 8

PURCHASING NOTES:

IF HEAD IS FABRICATED FROM MULTIPLE PLATES THEN 100% RADIOGRAPHICAL INSPECTION OF WELDS IS REQUIRED PER ASME CODE SECTION VIII, DIV.1, PART UW-51.
HEAD WILL BE USED IN THE FABRICATION OF AN ASME SECTION VIiI, DIV 1 PRESSURE VESSEL. FORMING TOLERANCES MUST ADHERE TO THE REQUIREMENTS OF ASME
SECTION VIII, DIV 1, PART UG-79 AND 81. THICKNESS OF HEAD AS CALLED OUT IN BILL OF MATERIAL INCLUDES A MINIMUM OF 1/16" EXTRA MATERIAL FOR FORMING

ALLOWANCES. DO NOT INCREASE HEAD THICKNESS WITHOUT NOTIFICATION TO PHPK PROJECT ENGINEER.

INSIDE OF HEAD TO BE POLISHED TO #4 FINISH.

ROLLED CYLINDER WILL BE USED IN THE FABRICATION OF AN ASME SECTION VIII, DIV 1 PRESSURE VESSEL. FORMING TOLERANCES MUST ADHERE TO THE
REQUIREMENTS OF ASME SECTION VI, DIV 1, PART UG-80. IF LONGITUDINAL SEAM IS WELDED SUPPLIER MUST SUBMIT COMPLETED PARTIAL U1A DATA SHEETS.
LONGITUDINAL SEAM SHALL BE TYPE 1C - RADIOGRAPHY NOT REQUIRED. IF LONGITUDINAL SEAM IS NOT WELDED THEN TACK WELDS MUST BE COMPLETELY REMOVED

BY PHPK PRIOR TO FINAL WELDING.

INSIDE OF CYLINDER TO BE POLISHED TO #4 FINISH.

IF RINGS ARE ORDERED PRE-MACHINED THEN SKETCH 07-2032-6501-15A AND 16 MUST ACCOMPANY QUOTE AND PO.
IF RINGS ARE ORDERED ROUGH CUT THEN SUPPLIER MUST ADD ENOUGH EXTRA MATERIAL TO ACHIEVE DIMENSION SHOWN ON SKETCH.
FINISHED THICKNESS IS 2.50" & 2.25" AFTER WELDING TO CYLINDER OR HEAD RESPECTIVELY.

IF RING IS ORDERED PRE-MACHINED THEN SKETCH 07-2032-6501-20 MUST ACCOMPANY QUOTE AND PO.
IF RING IS ORDERED ROUGH CUT THEN SUPPLIER MUST ADD ENOUGH EXTRA MATERIAL TO ACHIEVE DIMENSION SHOWN ON SKETCH.
FINISHED THICKNESS IS .88" AFTER WELDING TO NOZZLE.

FINISHED THICKNESS FOR THIS PLATE CIRCLE IS .50" AFTER FINAL MACHINING.

CERTIFIED MATERIAL TEST REPORTS INCLUDING PHYSICAL AND CHEMICAL ANALYSIS ARE REQUIRED WITH THIS MATERIAL.
IF MATERIAL IS PURCHASED AS A FORGING THEN MATERIAL WILL BE ASME SA182 F304
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Printed: 12/3/2007, 11:10 AM Page 2 of 2
NAME DATE PHPK T h | . DRAWING NO:
PREPARED SW 10-05-07 ecnno ogles 07-2032-BM-6501
CHECKED KAK 10-05-07 2111 BUILDERS PLACE - COLUMBUS, OH 43204 - - -
ENGINEER SW 10-05-07 ORIGINAL RELEASE DATE  |DRAWING TITLE REVISION LETTER: C
REVIEWED PART NUMBER
10-05-07 YALE T962 CRYOSTAT
WORK ORDER NO. 07 2032 INNER VESSEL WELDMENT NO. REQUIRED
CONTRACT NO. NEXT ASSEMBLY
BILL OF MATERIAL
REVISION COST ITEM
LTrNoTE | QTY- |UNITS|  S5oF | NumBER | PART NUMBER DESCRIPTION MATERIAL PURCH NOTES
8 REFER TO GARLOCK HELICOFLEX QUOTATION No 101116.
9 THIS PLATE IS USED FOR PRESSURE TESTING ONLY AND IS NOT PART OF THIS PRESSURE VESSEL.
REVISIONS
CHANGE DATE DWN CHK EDR DESCRIPTION
N/C 10-04-07 SW KAK 3314 1) ADDED ITEM _2) REVISED QUANTITY _3) REVISED DESCRIPTION _4) DELETED ITEM
A 10-15-07 SW KAK 1) ADDED ITEM _ 2) REVISED QUANTITY _3) REVISED DESCRIPTION _4) DELETED ITEM
B 10-31-07 CD KAK 3340 1) ADDED ITEM _2) REVISED QUANTITY 3) REVISED DESCRIPTION 4) DELETED ITEM 5) REVISED MATERIAL
C 12-3-07 CD SW 3368 1) ADDED ITEM _ 2) REVISED QUANTITY _3) REVISED DESCRIPTION _4) DELETED ITEM 5) REVISED MATERIAL
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Printed: 12/10/2007, 10:37 AM Page 1 of 1
NAME DATE . DRAWING NO:
PHPK Technologies
PREPARED SwW 10-05-07 07-2032-BM-6502
CHECKED KAK 10-05-07 2111 BUILDERS PLACE - COLUMBUS, OH 43204 - - -
ENGINEER Sw 10-05-07 ORIGINAL RELEASE DATE  |DRAWING TITLE REVISION LETTER: C
REVIEWED PART NUMBER
10-05-07 YALE T962 CRYOSTAT
WORK ORDER NO. 07 2032 OUTER VESSEL WELDMENT NO. REQUIRED
CONTRACT NO. NEXT ASSEMBLY
BILL OF MATERIAL
REVISION COST ITEM
LTrNoTE | QY- |UNITS|  S5oF | NUMBER | PART NUMBER DESCRIPTION MATERIAL PURCH NOTES
, HEAD, ASME F&D - 1/4* NOM THK (.19" MIN) X 42" OD WITH 1 1/2" SF,
1 EA L comL WELD PREP I.D. @ 37 1/2° WITH NO LAND (SHARP EDGE) ASME SA240 304 L7
, HEAD, ASME F&D - 1/4" NOM THK (.19" MIN) X 42" OD WITH 1 1/2" SF,
! EA 5 CoML WELD PREP O.D. @ 37 1/2° WITH 1/32" LAND ASME SA240 304 L7
CYLINDER - 1/4" THK X 43 3/4" LONG X 42" OD
, BEVEL ONE END ON I.D. @ 37 1/2° WITH NO LAND (SHARP EDGE)
L EA 10 COML BEVEL ONE END ON O.D. @ 37 1/2° WITH 1/32" LAND ASME SA240 304 !
2 EA 15 COM'L PLATE RING - 2 3/4" THK X 41.50" ID X 48.00" OD ASME SA240 304 2,7
1 EA 20 COM'L PLATE RING - 1 3/4" THK X 14.00" ID X 18.00" OD ASME SA240 304 3,7
1 EA 25 COM'L PLATE CIRCLE - 3/4" THK X 18.00" OD ASME SA240 304 4,7
c4 1 EA 30 COML PIPE 24" NPS STD WT (375" WALLY WELDED X 16" LG ASME SA312 TR304 7
1 EA 35 COM'L PIPE, 14" NPS SCH 30 (.375" WALL) WELDED X 3 1/2" LG ASME SA312 TP304 7
c4 1 EA 40 COML PIPE 6" NPS SCH 40£280" WALLYWELDED X 3" LG ASME SA312 TR304 7
Bl 1 EA 42 07-00-0019 TUBE, 1" OD X .065" WALL X 7/8" LG. SEAMLESS ASME SA269 304L
Bl 2 EA 43 07-00-0020 TUBE, 2" OD X .065" WALL X 7/8" LG. SEAMLESS ASME SA269 304L
c4 1 EA 45 COME FUBE 4" OB %25 WALEX-8"+G 616 5—
B1 2 EA 47 COM'L ELBOW, 2" OD X .065" WALL - KJ LESKER P/N G-2WC-200 304L SST
I\1l B4 EA [~{a] falalV il ] I\TE‘ "I(]n"TI-H(\(’)R ‘I,IA"If‘. ROILIENDTO 21" INS DI\I‘\_ ASME SA240 204 2’7
, O-RING, 1/4" CROSS SECTIONAL DIA X 14 1/2" ID FACTORY ]
B1 1 EA 60 COM'L VULCANIZED VITON - 75 DUROMETER
B1 1 EA 62 COM'L O-RING, 3/8" CROSS SECTIONAL DIA X 43" ID FACTORY VULCANIZED  |VITON - 75 DUROMETER
Bl 1 EA 70 COM'L FLANGE, QF25 X 1" - KJ LESKER P/N QF25-100-SBB 304L SST
Bl 2 EA 72 COM'L FLANGE, QF50 X 2" - KJ LESKER P/N QF50-200-SBB 304L SST
Bl 1 EA 80 70-001-050 BRACKET, ASME CODE NAMEPLATE 304 SST
Bl 1 EA 85 02-001-060 NAMEPLATE, ASME DIV 1 PRESSURE VESSEL 304 SST
B1 16 EA 90 10-0200-64 SCREW, HEX HD 5/8"-11UNC X 2 3/4" LG. ASME SA193 GR B8
B1 20 EA 91 10-0200-65 SCREW, HEX HD 5/8"-11UNC X 5 1/2" LG. ASME SA193 GR B8
B1 36 EA 95 10-4100-01 NUT, HEX, 5/8"-11UNC ASME SA194 GR. 8

PURCHASING NOTES:

THICKNESS OF HEAD AS CALLED OUT IN BILL OF MATERIAL INCLUDES A MINIMUM OF 1/16" EXTRA MATERIAL FOR FORMING ALLOWANCES. DO NOT INCREASE HEAD
THICKNESS WITHOUT NOTIFICATION TO PHPK PROJECT ENGINEER.

IF RING IS ORDERED PRE-MACHINED THEN SKETCH 07-2032-6502-15 MUST ACCOMPANY QUOTE AND PO.
2 IF RING IS ORDERED ROUGH CUT THEN SUPPLIER MUST ADD ENOUGH EXTRA MATERIAL TO ACHIEVE DIMENSION SHOWN ON SKETCH.
FINISHED THICKNESS IS 2.25" AFTER WELDING TO CYLINDER OR HEAD.

3 FINISHED THICKNESS FOR THIS PLATE CIRCLE IS 1.375" AFTER WELDING TO 14" PIPE.
4 FINISHED THICKNESS FOR THIS PLATE CIRCLE IS .50" AFTER FINAL MACHINING.
5 THIS MATERIAL IS IN PHPK RESIDUAL STOCK
I SEE SKETCH 07.2032.6502.50
7 CERTIFIED MATERIAL TEST REPORTS INCLUDING PHYSICAL AND CHEMICAL ANALYSIS ARE REQUIRED WITH THIS MATERIAL.
REVISIONS
CHANGE DATE DWN CHK EDR DESCRIPTION

N/C 10-04-07 SW 1) ADDED ITEM _2) REVISED QUANTITY 3) REVISED DESCRIPTION 4) DELETED ITEM
A 10-15-07 SW 1) ADDED ITEM 2) REVISED QUANTITY 3) REVISED DESCRIPTION 4) DELETED ITEM
B 11-14-07 CD SW 3348 1) ADDED ITEM 2) REVISED QUANTITY 3) REVISED DESCRIPTION 4) DELETED ITEM
C 12-10-07 CD SwW 3374 1) ADDED ITEM 2) REVISED QUANTITY 3) REVISED DESCRIPTION 4) DELETED ITEM
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Printed: 11/20/2007, 1:43 PM Page 1 of 1
NAME DATE . DRAWING NO:
PREPARED SwW 10-05-07 PHPK TeCh nOIOgleS
07-2032-BM-6503
CHECKED KAK 10-05-07 2111 BUILDERS PLACE - COLUMBUS, OH 43204
ENGINEER SW 10-05-07 ORIGINAL RELEASE DATE  |DRAWING TITLE REVISION LETTER: B
REVIEWED PART NUMBER
10-05-07 YALE T962 CRYOSTAT
WORK ORDER NO. 07 2032 CHIMNEY WELDMENT NO. REQUIRED
CONTRACT NO. NEXT ASSEMBLY
BILL OF MATERIAL
REVISION COST ITEM
LTR-NOTE QTY. |UNITS CODE NUMBER | PART NUMBER DESCRIPTION MATERIAL PURCH NOTES
A2 1 EA 1 COM'L PLATE RING - 2" THK X 17.00" ID X 24.00" OD ASME SA240 304 1,7
A2 1 EA 2 COM'L PLATE RING - .75" THK X 18.06" ID X 23.19" OD ASME SA240 304 3,7
1 EA 20 COM'L PIPE, 18" NPS EXTRA STRONG (.50" WALL) WELDED X 12 3/16" LG ASME SA312 TP304 7
1 EA 30 COM'L PIPE, 18" NPS SCH 5S (.165" WALL) WELDED X 7 5/16" LG ASME SA312 TP304 7

PA 2 =A 20 OO0l TLIRE 2/4" AN 116" \AJALL Lo M =¥ [o 1L Wl o a0 A

B1 1 EA 38 07-30-0012 TUBE, 1 1/2" OD X .083" WALL X 1 3/4" LG. SEAMLESS ASME SA269 304L

B1 1 EA 40 COM'L FLANGE, FIXED - 2 3/4" CF, KJ LESKER P/N F0275X150N 304L

B1 1 EA 45 COM'L FLANGE, BLANK - 2 3/4" CF, KJ LESKER P/N F0275X000N 304L

Bl 1 EA 50 COM'L GASKET - 2 3/4" CF, KJ LESKER P/N GA-0275 OFHC COPPER

B1 4 EA 60 COM'L PLATE, 1/8" THK X 3/4" X 1" ASME SA240 304

B1 1 EA 70 12-001-090 MALE WELD CONNECTOR, 1/2" OD, SWAGELOK P/N SS-810-1-8W SST

B1 6 EA 90 10-0100-61 SCREW, HEX HD MACH, 1/4-20UNC X 1 3/8" LG. 18-8 SST

B1 6 EA 95 10-4000-04 NUT, HEX, 1/4"-20UNC 18-8 SST

PURCHASING NOTES:

1

IF RING IS ORDERED PRE-MACHINED THEN SKETCH 07-2032-6503-01 MUST ACCOMPANY QUOTE AND PO.
IF RING IS ORDERED ROUGH CUT THEN SUPPLIER MUST ADD ENOUGH EXTRA MATERIAL TO ACHIEVE DIMENSION SHOWN ON SKETCH.
FINISHED THICKNESS IS 1.50" AFTER WELDING TO CYLINDER OR HEAD.

—2— FINISHED THICKNESS FOR THIS PLATE CIRCEETS 75" AFTER FIiNAL MACHINNG —

THIS IS NOT A SEALING FLANGE - THE DIMENSIONS SHOWN IN THE BILL ARE THE FINISHED DIMENSIONS.

5
6
7 CERTIFIED MATERIAL TEST REPORTS INCLUDING PHYSICAL AND CHEMICAL ANALYSIS ARE REQUIRED WITH THIS MATERIAL.
REVISIONS
CHANGE DATE DWN CHK EDR DESCRIPTION

N/C 10-04-07 SW SW 1) ADDED ITEM 2) REVISED QUANTITY 3) REVISED DESCRIPTION 4) DELETED ITEM
A 10-15-07 SW SW 1) ADDED ITEM 2) REVISED QUANTITY 3) REVISED DESCRIPTION 4) DELETED ITEM
B 11-15-07 CD SW 3356 1) ADDED ITEM 2) REVISED QUANTITY 3) REVISED DESCRIPTION 4) DELETED ITEM
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Printed: 12/3/2007, 11:09 AM Page 1 of 1
NAME DATE PHPK T h | . DRAWING NO:
PREPARED cD 12-3-07 ecnno ogles 07-2032-BM-6504
CHECKED sw 12-3-07 2111 BUILDERS PLACE - COLUMBUS, OH 43204 - - -
ENGINEER SW 12-3-07 ORIGINAL RELEASE DATE  |DRAWING TITLE REVISION LETTER: N/C
REVIEWED PART NUMBER 07-2032-6504
12-3-07 YALE T962 CRYOSTAT
WORK ORDER NO. 07 2032 CHIMNEY ASSY NO. REQUIRED 1
CONTRACT NO. NEXT ASSEMBLY 07-2032-6500
BILL OF MATERIAL
REVISION COST ITEM
LTrNoTE | QTY- |UNITS|  S5oF | NumBER | PART NUMBER DESCRIPTION MATERIAL PURCH NOTES
1 EA 1 07-2032-6503 | CHIMNEY WELDMENT
1 EA 5 07-2032-6506 | COVER PLATE ASSY
1 EA 10 COM'L SEAL GARLOCK HELICOFLEX P/N H-310209 1
1 EA 15 COM'L SEAL GARLOCK HELICOFLEX P/N H-310210 1
26 EA 20 COM'L SCREW, HEX HD 5/8"-11UNC X 3 1/4" LG. ASME SA320 GR B8
26 EA 25 10-4100-01 NUT, HEX, 5/8"-11UNC ASME SA194 GR B8

PURCHASING NOTES:

REFER TO GARLOCK HELICOFLEX QUOTATION No. 101116.

REVISIONS

CHANGE

DATE

DWN

CHK

EDR

DESCRIPTION

N/C

1) ADDED ITEM 2) REVISED QUANTITY 3) REVISED DESCRIPTION 4) DELETED ITEM
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Printed: 12/3/2007, 11:06 AM Page 1 of 1
NAME DATE PHPK T h | . DRAWING NO:
PREPARED cD 12-3-07 ecnno ogles 07-2032-BM-6506
CHECKED SwW 12-3-07 2111 BUILDERS PLACE - COLUMBUS, OH 43204 - - -
ENGINEER SW 12-3-07 ORIGINAL RELEASE DATE  |DRAWING TITLE REVISION LETTER: N/C
REVIEWED PART NUMBER 07-2032-6506
12-3-07 YALE T962 CRYOSTAT
WORK ORDER NO. 07 2032 COVER PLATE ASSY NO. REQUIRED 1
CONTRACT NO. NEXT ASSEMBLY 07-2032-6504
BILL OF MATERIAL
REVISION COST ITEM
LTrNoTE | QTY- |UNITS|  S5oF | NumBER | PART NUMBER DESCRIPTION MATERIAL PURCH NOTES
EA 1 COM'L PLATE CIRCLE - 1" THK X 24.00" OD ASME SA240 304 1,2,3
EA 5 COM'L PLATE, RING - 1/4" THK X 6.65 ID X 7.62" OD ASME SA240 304
EA 10 07-07-0088 PIPE, 6" NPS SCH 40 (.280" WALL) WELDED X 2 3/8" LG ASME SA312 TP304
3 EA 20 07-00-0017 TUBE, 1/2" OD X .035" WALL X 2 11/16" LG. SEAMLESS ASME SA269 304L
EA 22 07-00-0019 TUBE, 1" OD X .065" WALL X 7/8" LG. SEAMLESS ASME SA269 304L
3 EA 24 07-30-0013 TUBE, 1 1/2" OD X .188" WALL X 3 1/4" LG. SEAMLESS ASME SA269 304L
2 EA 26 07-30-0014 TUBE, 3" OD X .250" WALL X 4 13/16" LG. SEAMLESS ASME SA269 304L
EA 28 07-30-0009 TUBE, 6" OD X .065" WALL X 5 3/16" LG. SEAMLESS ASME SA269 304L
3 EA 30 COM'L FLANGE, FIXED - 2 3/4" CF, KJ LESKER P/N F0275X150N 304L
2 EA 32 COM'L FLANGE, FIXED - 4 5/8" CF, KJ LESKER P/N FO462X300N 304L
EA 34 COM'L FLANGE, FIXED - 8" CF, KJ LESKER P/N FO800X600N 304L
EA 36 COM'L FLANGE, QF25 X 1", KJ LESKER P/N QF25-100-SBB 304L
3 EA 40 COM'L FLANGE, BLANK - 2 3/4" CF, KJ LESKER P/N F0275X000N 304L
2 EA 42 COM'L FLANGE, BLANK - 4 5/8" CF, KJ LESKER P/N F0462X000N 304L
EA 44 COM'L FLANGE, BLANK - 8" CF, KJ LESKER P/N FO800X000N 304L
3 EA 50 COM'L GASKET - 2 3/4" CF, KJ LESKER P/N GA-0275 OFHC COPPER
2 EA 52 COM'L GASKET - 4 5/8" CF, KJ LESKER P/N GA-0462 OFHC COPPER
EA 54 COM'L GASKET - 8" CF, KJ LESKER P/N GA-0800 OFHC COPPER
3 EA 60 12-001-131 GLAND, 1/2" VCR TO 1/2" TUBE SW, SWAGELOK P/N SS-8-VCR-3 316 SST
3 EA 61 12-001-123 WELD UNION, 1/2" OD, SWAGELOK P/N SS-8-TSW-6 316 SST
3 EA 62 12-001-132 MALE NUT, VCR, 1/2" OD, SWAGELOK P/N SS-8-VCR-4 316 SST
4 EA 70 COM'L HOIST RING, 1/4"-20, McMASTER-CARR P/N 2994T59 FORGED STL
2 EA 80 COM'L NUT, COUPLING, 1/4"-20UNC, McMASTER-CARR P/N 90268A029 18-8 SST
EA 82 COM'L NUT, COUPLING, 5/16"-18UNC, MCMASTER-CARR P/N 90268A030 18-8 SST
18 EA 90 10-0100-61 SCREW, HEX HD MACH, 1/4-20UNC X 1 3/8" LG. 18-8 SST
20 EA 92 10-0100-79 SCREW, HEX HD MACH, 5/16-18UNC X 2" LG. 18-8 SST
20 EA 94 10-0100-63 SCREW, HEX HD MACH, 5/16-18UNC X 2 1/4" LG. 18-8 SST
18 EA 96 10-4000-04 NUT, HEX, 1/4"-20UNC 18-8 SST
40 EA 98 10-4000-05 NUT, HEX, 5/16"-18UNC 18-8 SST
PURCHASING NOTES:
1 THIS ITEM HAVE BEEN PREVIOUSLY PROCURED ON 07-2032-BM-6503 AS ITEM #15.
2 FINISHED THICKNESS FOR THIS PLATE CIRCLE IS .75" AFTER FINAL MACHINING.
3 CERTIFIED MATERIAL TEST REPORTS INCLUDING PHYSICAL AND CHEMICAL ANALYSIS ARE REQUIRED WITH THIS MATERIAL.
REVISIONS
CHANGE DATE DWN CHK EDR DESCRIPTION
N/C 1) ADDED ITEM _2) REVISED QUANTITY _3) REVISED DESCRIPTION _4) DELETED ITEM
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Printed: 11/20/2007, 1:45 PM

Page 1 of 1

NAME DATE PHPK T h | . DRAWING NO:
PREPARED cD 11-16-07 ecnno ogles 07-2032-BM-6507
CHECKED SwW 11-19-07 2111 BUILDERS PLACE - COLUMBUS, OH 43204 - - -
ENGINEER SW 11-19-07 ORIGINAL RELEASE DATE  |[DRAWING TITLE REVISION LETTER: N/C
REVIEWED PART NUMBER 07-2032-6507
11-20-07 YALE T962 CRYOSTAT
WORK ORDER NO. 07 2032 SADDLE ASSY NO. REQUIRED 2
CONTRACT NO. NEXT ASSEMBLY 07-2032-6500
BILL OF MATERIAL
REVISION COST ITEM
LTRNoTE | QTY- [UNITS|  S5oF | NUMBER | PART NUMBER DESCRIPTION MATERIAL PURCH NOTES
1 EA 1 COM'L PLATE, 1/2" THK X 56" X 8" ASME SA240 304
2 EA 5 COM'L PLATE, 1/2" THK X 48" X 21 1/8" ASME SA240 304
2 EA 10 COM'L PLATE, 1/2" THK X 5" X 15" ASME SA240 304
2 EA 15 COM'L PLATE, 1/2" THK X 5" X 21 1/8" ASME SA240 304
PURCHASING NOTES:
REVISIONS
CHANGE DATE DWN CHK EDR DESCRIPTION
N/C 1) ADDED ITEM _2) REVISED QUANTITY 3) REVISED DESCRIPTION _4) DELETED ITEM
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Printed: 11/20/2007, 1:46 PM

Page 1 of 1

NAME DATE PHPK T h | . DRAWING NO:
PREPARED cD 11-16-07 ecnno ogles 07-2032-BM-6511
CHECKED sSwW 11-19-07 2111 BUILDERS PLACE - COLUMBUS, OH 43204 - - -
ENGINEER SW 11-19-07 ORIGINAL RELEASE DATE  |[DRAWING TITLE REVISION LETTER: N/C
REVIEWED PART NUMBER 07-2032-6511
11-20-07 YALE T962 CRYOSTAT
WORK ORDER NO. 07 2032 SUPPORT ASSY NO. REQUIRED 3
CONTRACT NO. NEXT ASSEMBLY 07-2032-6500
BILL OF MATERIAL
REVISION COST ITEM
LTRNoTE | QTY- [UNITS|  S5oF | NUMBER | PART NUMBER DESCRIPTION MATERIAL PURCH NOTES
1 EA 1 COM'L PLATE, 1/2" THK X 16" X 6" ASME SA240 304
2 EA 5 COM'L PLATE, 1/2" THK X 5 5/8" X 6" ASME SA240 304
PURCHASING NOTES:
REVISIONS
CHANGE DATE DWN CHK EDR DESCRIPTION
N/C 1) ADDED ITEM _2) REVISED QUANTITY 3) REVISED DESCRIPTION _4) DELETED ITEM
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Printed: 11/20/2007, 1:47 PM

Page 1 of 1

NAME DATE PHPK T h | . DRAWING NO:
PREPARED cD 11-16-07 ecnno ogles 07-2032-BM-6512
CHECKED sSwW 11-19-07 2111 BUILDERS PLACE - COLUMBUS, OH 43204 - - -
ENGINEER SW 11-19-07 ORIGINAL RELEASE DATE  |[DRAWING TITLE REVISION LETTER: N/C
REVIEWED PART NUMBER 07-2032-6512
11-20-07 YALE T962 CRYOSTAT
WORK ORDER NO. 07 2032 SUPPORT ASSY NO. REQUIRED 2
CONTRACT NO. NEXT ASSEMBLY 07-2032-6500
BILL OF MATERIAL
REVISION COST ITEM
LTRNoTE | QTY- [UNITS|  S5oF | NUMBER | PART NUMBER DESCRIPTION MATERIAL PURCH NOTES
1 EA 1 COM'L PLATE, 1/2" THK X 4 1/2" X 6" ASME SA240 304
1 EA 5 COM'L PLATE, 1/2" THK X 5" X 6" ASME SA240 304
1 EA 10 COM'L PLATE, 1/2" THK X 9 3/16" X 6" ASME SA240 304
PURCHASING NOTES:
REVISIONS
CHANGE DATE DWN CHK EDR DESCRIPTION
N/C 1) ADDED ITEM _2) REVISED QUANTITY 3) REVISED DESCRIPTION _4) DELETED ITEM
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PHPK

TECHNOLOGIES

Yale Cryostat
Alteration

Inspection Reports & Certified Material Test Reports
Modification to Sales Order 07-2032 T962 Cryostat (INB 21)
PHPK Work Order No. 12-4007
Customer P.O. No. SNP5773281
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Certificate of Conformance

Yale University Cryostat Alteration
e Test Summary Report
e ASME Inspection Checklist
e Helium Mass Spectrometer Leak Test Report
e Final Pressure Test Report, AI Witness
e Report of Alteration, Form R-2

12-4007-0501, Drain Tube Assembly (MOD 1)

e Material & Weld Traceability Record, 6510
0 12-4007-6510
0 12-4007-6511

e Penetrant Inspection Report

12-4007-0502, Inner Head (MOD 2)

e Material & Weld Traceability Record, 6522
0 12-4007-6522

12-4007-0503, Inner Nozzle Flange (MOD 3)

e Material & Weld Traceability Record, 6533
0 12-4007-6533

e Material & Weld Traceability Record, 6534
0 12-4007-6534/12-4007-6535

e Manufacturers Partial Data Report, Form U-2A
O NB 66

Certified Material Test Reports
e Pipe & Tube
e Plate
e Weld Wire
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PHPK @WE‘] Torr Master”

TECHNOLOGIES

2111 Builders Place, Columbus, Ohio 43204 « Office 614-486-4750 * Fax 614-486-4950 * www.phpk.com

CERTIFICATE OF CONFORMANCE

Yale University
PO Box 208228
New Haven, CT 06520

PHPK Technologies certifies that all items furnished in this shipment are in full compliance with all
purchase order and specification requirements of this contract and were manufactured in accordance with
PHPK Quality Assurance Manual, Edition 2, Revision 1, dated June 30, 2011.

PHPK personnel and/or Contractors performing non-destructive testing (NDT) are in compliance with
ASNT recommended practice TC-1A. PHPK welding personnel have been certified in accordance with
ASME BPV Code Section IX Atrticle lII.

All examination has been performed with approved PHPK test procedures. Test reports represent the
actual attributes of the items furnished and are in full compliance with all applicable specifications and
purchase order requirements.

The materials used to construct the components used for the T962 Cryostat Alteration are suitable for
their intended use and meet the required specifications of this project. PHPK Technologies purchase all
materials with physical and chemical analysis that are kept on file at our facility. This ensures all
products, whether standard or custom, are constructed of the correct materials, regardless of whether the
customer requires certifications or traceability. Materials of construction are specified for each part by
engineering personnel to comply with the appropriate ASME Codes, proven PHPK design, customer
specification, and/or other industrial codes.

All related Certifications, Reports, and Documents not presented on final delivery of contract will be
retained by PHPK for future referral.

PHPK Sales Order: 12-4007
Customer PO: SNP5773281

’ﬁmﬁwr_- 3/29/13

Keith Brown Date
Quality Assurance Manager
PHPK Technologies
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Yale University Cryostat Alteration

Test Summary Report

Helium Mass Spectrometer Leak Test Report
Final Pressure Test Report

Form R-2
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PHPK TEST SUMMARY REPORT

TECHNOLOGIES CERTIFICATE of CONFORMANCE
PHPK Technologies certifies that the following test have been performed on material and / or equipment supplied
to Yale University on Sales Order 12-4007
The test(s) meet the requirements of the Purchase Order and the applicable Code, Drawings and Standards.
PHPK SO# 12-4007 DWG or Part # 07-2032-6500
PHPK Serial # 4866 (U-Part MOD 3) Registration / L.D. # R 8 & NB 66
Description Yale University Alteration
Modification 1-3 (Drawings 12-4007-0501,0502,0503)
*Not * Not Supporting
Accepted  Accepted  Applicable Documentation  Test, Inspection, Operation performed or Documentation required
1) H || Dye Penetrant
2) D D D Magnetic Particle
3) D D D Radiographic Insp. Welds
4) D D D Visual Weld Inspection
5) D D D Dimensional Inspection
6) D D Pressure Test DHydrostatic Pneumatic
7) D D Mass Spectrometer Leak Test
8) L] L] [ ] Cold Shock Test
9) L] L] L] Valve Body Casting 100% Zyglo and Radiographed
10) D D D Operational Test
11) D D D Leak Test Across Seat
12) D D D Cleanliness Inspection Visual DBlacinght D Other
13| L [] [] Bake out
14) D D D Vacuum Retention
15) D D Material Certifications
16) D D ASME Code stamp and Name plate
17) D D D LOX Cleaning
1) [ [ [ [

* If not acceptable, List item number and reason for non-acceptance below.

COMMENTS

PHPK performed (3) three modificationsof existing cryostat. Modification 3 was fabricated as a U-Part (NB 66).

Form R-2 for Alteration (R 8) and Form U-2A Partial Data Report for U-Part (NB 66) completed for project.

W}B’Lwﬁs_- 3/29/13

Quality Assurance Manager Date
Authorizing Signature
PHPK Technologies
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Document Name: B
. Number: QUAL-FO-0004
ASME INSPECTION PHPK Technologies
CHECKLIST
Rev. Lir.: A Page 1 of 1
FORM
ASME INSPECTION CHECKLIST
Sales Order No: 12-4007 Customer: Yale University
Calc No: 12-4007-9910 Dwg No: 0501,0502,0503 R No: 8
Org. NB/
Serial No: 21/4821 Dwg Title: MOD 1-MOD 3
ASME Construction U uz2 U Part NBIC Alteration
PHPK ASME | Hold
ltem Date A Date
QA | "¢ | Al _|Point ,
Initial Review KB g{ v 2/2? ég
Calculations KB ng V3 2/2?/5
. | Drawings KB V4 V2 2/27/(3
ch Work Tickets KB
£
% Weld Procedures KB
g-‘_g, Post Weld Heat Treat N/A
<L
= Impact Testing N/A
0. [Welder Qualifications KB A 3l29l13
e
O | Material & Weld Traceability Record KB A 2(29 13
el
2 | Fit-Up Inspection KB &( X 2/2?43
T}
g Non-Destructive Testing
QO |MSLT RT LT VI UT PT KB X
..% Pressure Test @ 49.5 psig KB é?(f X 3/29/[3
= | Non-Conformance Reports KB Y,
Code Plate Review _ K 4 | x 3/750
Data Reports KB ﬁ X 3 / 29/ 5t
Comments:
MOD 1: adds a drain port to the bottom of the inner vessel.
MOD 2: adds a custom shape torispherical head onto the center of the existing 30" OD head.
MOD 3: adds a bolted hat assembly to the existing laterial port (11.25” OD) flange. This will be
manufactured as a U-Part.
Al Hold Point on 6522 fit-up on item3 to item 2.
| MWTR's issued for 6510, 6522, 6533, 6534.
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PHPK Technologies

}} .
PHPK~  Coumbus oo i MSLI/PRESSURE
’ COMBINATION REPORT
TECHNOLOGIES
Sales Order: 12-4007 Drawing No.: 07-2032-6500 (NB 21) PHPK Specification: |E QUAL-PR-0019
Description: ~ Yale Cryostate Alteration (R 8)
Mass Spec. Veeco MS-40 Calibrated Leak S/N: 1317 Rate: 1.7 x 10® scc/sec A.E
Test Equipment: { ] 0
Pressure Gage(s)  S/N: C-22 Cal Due:  7/13 Ambient Temperature: _75" F
EVENTS
1 Calibrated Leak (start) 4 Spray Open Vacuum Enclosure 7 Final Reading
2 Minimum Detectable Leak 5 Internal Piping Pressure 8 Calibrated Leak
3 Background Helium (after tie in) 6 Spray Bagged System
RESULTS
&
START END EVENT INDICATION LEAK** COMMENTS P;;’Sf,‘.'re
scc/sec A.E edia
1 1.7x10° Design Pressure = 45 psig
2 02x 10" Test Pressure = 50 psig z | 2
3 2.6 x 107
1:00 1:02 4 2.6x 10 Spray 2 Minutes X
1:02 1:03 5 2.6x 107 12.50 psi Hold 1 min X
1:03 1:04 2.6x 107 25.00 psi Hold 1 min X X
1:04 1:05 2.6x 107 37.50 psi Hold 1 min X X
1:05 1:25 2.6x 107 50.00 psi Hold 1 min X | X
1:25 1:32 6 2.6x 10”7 45.00 psi Spray 2 min Hold 5 min X
7 2.6x 107
8 1.7x 10
This MSLT Combo Test Report performed on the completed vessel and includes all modifications (MOD 1-3). An additional Pressure Test shall
be performed and witnessed by our Authorized Inspector for Code compliance.

Final Disposition

*  Actual Reading

** Difference between MDL (Background) indication and present reading.

X] accept

[ ] rEJECT

Aom Condly

=

LI 3/28/2013

PERFORMED BY

DATE WITNESSED BY
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PHPK @@Wﬁ Torr Master”

TECHNOLOGIES

2111 Builders Place, Columbus, Ohio 43204 + Office 614-486-4750 * Fax 614-486-4950 * www.phpk.com

Pressure Test Report

Sales Order 12-4007 Drawing No. 07-2032-6500 (NB 21)

Customer Yale University

Description Yale Cryostat Alteration (R 8) on Original T962 Cryostat (NB 21)

Project Engineer  S. Willming Tested By T. Cordle

PHPK

Specification QUAL-PR-0017 Disposition By K. Brown

Hydrostatic l:l Test Pressure psig  Time 15 minutes

Preumatic < Test Medium Airfl ] NoXI H[] Other[ ]

Gage S/N (#1) C-22 Cal Due 7/13/13 Gage S/N (#2) Cal Due
RESULTS

Applied 50 PSIG (Ny)

Held For 15 Minutes

Start Time : 10:30 PM
End Time : 10:45 PM

Pressurized with N, and bubble tested all welds and connections.

NO INDICATIONS OR PRESSURE DECAY NOTED AT TIME OF INSPECTION

Final Disposition

% !
scan | L Cpilly | s | Bl i st

PERFORMED BY DATE WITNESSED BY yd
[
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FORM R-2 REPORT OF ALTERATION

In accordance with provisions of the National Board Inspection Code

CONSTRUCTION REPORT SHEET 1 OF 2
Construction performed by ~ PHPK Technologies 8

(Name of "R" organization responsible for construction) (Form "R"
2111 Builders Place, Columbus, Ohio, 43204 12-4007
(address) (PO No., Job No., etc.)
Owner  Yale University

(name)
PO Box 208228, New Haven, Connecticut, 06520
(address)
Location of installation Fermi National Accelerator Laboratory
(name)
Receiving Warehouse 2, Kirk Road and Wilson St., Batavia, lllinois, 60510
(address)
Item Identification Pressure Vessel Name of original manufacturer PHPK Technologies
(boiler, pressure vessel or piping)
5. ldentifying nos.: 4821 21 N/A N/A 2007
(mfg serial no.) (National Board No.) (Jurisdiction No.) (other) (year built)
6. NBIC Edition/ Addenda: 2011 N/A
(edition) (addenda)
Original Code of Construction for Item: ASME/Section VIII/Div 1 2004/A06
(name/ section/ division) (edition/ addenda)
Construction Code to be used for Alteration performed: ASME/Section VIII/Div 1 2010/2011A
(name/ section/ division) (edition/ addenda)

7. Description of Construction Scope: (use supplemental sheet, Form R-4, if necessary) [[] Form R-4, Report Supplementary Sheet is attached

1) Add liquid withdrawal port in bottom of vessel
2) Add 11" OD Convex Head into existing Concave Head on removable end.

Pressure Test, if applied 49.5 psi MAWP 45 psi

8. Replacement Parts.  Attached are Manufacturer's Partial Data Reports or Form R-3s properly completed for the following items of this report:
N/IA

(name of part, item number, data report type or Certificate of Compliance, mfg name, and identifying mark)
9. Remarks. N/A

CERTIFICATE OF DESIGN 8 ,ACKNOWLEDGED by CONSTRUCTION ORGANIZATION
(Identify the design organization's Form "R" Registration No.  or referencing P.O., job, or tracking number if the Form "R" Report is not registered)
I, Keith L. Brown acknowledge the provisions and requirements of design described on the DESIGN
REPORT sheet 2, and the design was introduced into the construction scope as required by the National Board Inspection Code.
Date 04/02/2013 PHPK Technologies Signed ﬁwﬂtﬁ? @W
(name of construction organization) (authorized representative)
CONSTRUCTION CERTIFICATION
I, Keith L. Brown , certify that to the best of my knowledge and belief the statements in this report are
correct and that all materials, construction, and workmanshi p on this Alteration conforms to the National Board Inspection Code.
National Board "R" Certificate of Authorization No. 6728 expireson 08/17/2014
Date 04/02/2013 PHPK Technologies Signed ﬁw S —
(name of alteration organization) (authorized representative)
CERTIFICATE OF INSPECTION
I Brock N. Seesholtz , holding avalid Commission issued by The National Board of Boiler and Pressure
Vessdl Inspectors and certificate of competency |ssued by the jurisdiction of KY, OH and employed by
HSB CT of Hartford, CT have inspected the
work described in this report on March 29, 2013 and state that to the best of my knowledge and belief this work complies with

the applicable requirements of the National Board Inspection Code.

By signing this certificate, neither the undersigned nor my employer makes any warranty, expressed or implied, concerning the work
described in thisreport. Furthermore, neither the undersigned nor my employer shall be liable in any manner for any personal injury,
property damage or loss of any kind arising from or connected with this inspection.

Date 04/03/2013 Signed _M Mﬁ’ Commission 13582, KY837, OH874

(Inspector) ¢ (National Board and Jurisdiction No.)

PKEY 1667698 exe: v6.1.58 R2-5




FORM R-2 REPORT OF ALTERATION

In accordance with provisions of the National Board Inspection Code

DESIGN REPORT SHEET 2 OF 2
Design performed by PHPK Technologies 8
(Name of "R" organization responsible for design) (Form "R"
2111 Builders Place, Columbus, Ohio, 43204 N/A
(address) (PO No., Job No., etc.)
Owner  Yale University
(name)
PO Box 208228, New Haven, Connecticut, 06520
(address)
Location of installation Fermi National Accelerator Laboratory
(name)
Receiving Warehouse 2, Kirk Road and Wilson St., Batavia, lllinois, 60510
(address)
Item Identification Pressure Vessel Name of original manufacturer PHPK Technologies
(boiler, pressure vessel or piping)
Identifying nos.: 4821 21 N/A N/A 2007
(mfg serid no.) (National Board No.) (Jurisdiction No.) (other) (year built)
NBIC Edition / Addenda: 2011 N/A
(edition) (addenda)
Original Code of Construction for Item: ASME/Section VIII/Div 1 2004/A06
(name/ section/ division) (edition/ addenda)
Construction Code to be Used for Alteration performed: ASME/Section VIII/Div 1 2010/2011A
(name/ section/ division) (edition/ addenda)

Description of Design Scope:  (use supplemental sheet, Form R-4, if necessary) - [] Form R-4, Report Supplementary Sheet is attached
1) Calculate weld size and reinfor cement requirements of nozzle asrequired.

Pressure Test, if applied 49.5 psi MAWP 45 psi

8. Replacement Parts.  Attached are Manufacturer's Partial Data Reports or Form R-3's properly completed for the following items of this report:

N/A
(name of part, item number, data report type or Certificate of Compliance, mfg's name, and identifying mark) - see supplemental sheet, Form R-4 for additional remarks pertaining to replacement

9. Remarks:

DESIGN CERTIFICATION

I, Keith L. Brown , certify that to the best of my knowledge and belief the statements in this
report are correct and that the Design Change described in this Report conforms to the National Board Inspection Code.
National Board "R" Certificate of Authorization No. 6728 expireson 08/17/2014

Date 03/29/2013 PHPK Technologies Signed KM @.dm/

(Name of Design Organization) “ I (Authorized Representative)

CERTIFICATE OF DESIGN CHANGE REVIEW

I, Brock N. Seesholtz , holding avalid Commission issued by The National Board of Boiler and Pressure
Vessd Inspectors and certificate of competency |ssued by the jurisdiction of KY, OH and employed by
HSB CT of Hartford, CT have reviewed the design change

as described in this report and state that to the best of my knowledge and belief such change complies with the applicable requirements of
the National Board Inspection Code.

By signing this certificate, neither the undersigned nor my employer makes any warranty, expressed or implied, concerning the work
described in thisreport. Furthermore, neither the undersigned nor my employer shall be liable in any manner for any personal injury,
property damage or loss of any kind arising from or connected with this inspection.

Date 03/29/2013 Signed | MM’ Commissions 13582, KY837, OH874

(Inspector) (National Board and Jurisdiction No.)

PKEY 1667698 exe: v6.1.58 R2-5




Section Il

Drain Tube Assembly
12-4007-0501 (moD 1)

e Material & Weld Traceability Record, 6510
o Drawings, 6510 & 6511

e Liquid Penetrant Inspection Report
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-- PHPK TECHNOLOGIES PROPRIETARY --

NEW 1-1/2" OD x .120" WALL \

CUT NEW @3-1/2" HOLE IN
LOWER SUPPORT PLATE

DN 160 ISO K CLAMP FLANGE
WITH CENTERING SEAL AND CLAMPS

3-3/8" OD CF FLANGE
WITH HARDWARE AND SEAL

REMOVABLE / REPLACEABLE
MLI BLANKET OVER BLIND

01" 7e)

45
18|,/

S S S

SECTION A-A

CUT @1.53 HOLE THRU INNER
VESSEL ON CENTER OF EXISTING SUPPORT

20 LAYERS MLI ALL AROUND DRAIN TUBE ASSY

EXISTING G-10 LATERAL SUPPORT PLUG

G-10 TUBE SPACER
AND SUPPORT 4x EQ SPA

DRILL @.25 HOLES 3x EQ SPA
IN EXISTING CLOSURE RING

TACK WEK NUTS TO
BACK SIDE OF FLANGE

(91/8)

11/4

11/2
43/4

6" OD x .120 WALL

6" DIA x .190 THK

-- PHPK TECHNOLOGIES PROPRIETARY --
INFORMATION ON THIS DRAWING MAY NOT BE DISCLOSED TO ANY
PARTY WITHOUT WRITTEN AUTHORIZATION FROM PHPK

WHERE USED

DRAWNBY | SPW TOLERANCES 2111 BUILDERS PLACE

PHPK COLUMBUS, OH 43204
CHECKED MJA FRACTION | =+ 1/8 TECHNOLOGIES 614.486-4750 WWW.PHPK.COM

2PL XX + .01 TITLE
ENGINEER | W [—— " —— o YALE LAR CRYOSTAT MODIFICATIONS
REVIEWED | MJA ANGUAR | 21/ MOD 1 - MAIN ASSY
RELEASE / / 6112 SIZE DRAWING NUMBER CHG
oare | 12/4/2012
=avo| B 12-4007-0501 |N/C

DIMENSIONS ARE IN INCHES AND PROVIDED PRIOR
TO SURFACE TREATMENTS, UNLESS NOTED.

ESTWEIGHT N/A v3.10.15 1@5@561 OF 1




PHPK

TECHNOLOGIES

Material & Weld Traceability Record

12-4004-MWTR-6510

PHPK Form QA-FO-0011

File Name

Drawing Number

Next Assembly Number

Dwg #

Rev Ltr Dwg #

Rev Ltr

12-4007-6510

A

Drain Tube Assembly

Modification 1

Work Ticket Number

Serial Number

Date Assembled

4007006

R8

3/4/2013

Put the heat number or serial number on the completed assembly with a permanent marker.

Parts & Subassemblies

Item | Part Number (Dwg No - Item No) Heat Number (Enter here or below) Description
10 07-2032-6501 2DV7 Original Inner Cryostat
4 12-4007-6511-02 835886 Tube, 1-1/2" OD x 0.12 Wall
Raw Material & Welding
Joint | ltems Joined ltem Heat Numbers Weld Filler Metal Welder
ID No A B A B Heat Number ID No.
JT-1 10 4 2Dv7 835886 118442 P-15

Document Number:QUAL-FO-0011, Rev. N/C, 2/5/10, EDR # 4402

v3.10.15 109/156
Page 1 of 1




-- PHPK TECHNOLOGIES PROPRIETARY --

REVISIONS

DESCRIPTION

1) CORRECTED PART NUMBER FOR ITEM #7

6202

SPW | SPW | SPW

DWN [CHK'D |ENG'R [RVW'D| EDR

DMF

DATE

01/29/12

REV
A

PARTS LIST
ITEM | QTY PART NUMBER DESCRIPTION TAG NUMBER MATERIAL NOTES
1 *4007 CLAMP, ISO 160 - DOUBLE, KJ LESKER QF-SDC-AL2 ALUMINUM
*4007 SEAL RING - KJ LESKER No QF160-SABR

07-2032-6500

YALE T962 CRYOSTAT - FINAL ASSEMBLY

12-4007-6511

DRAIN TUBE ASSEMBLY

12-4007-6512

FIXED ISO FLANGE

alalalalals

12-4007-6513

REMOVABLE ISO FLANGE

10 |50-024-010

ALUMINIZED MYLAR 1-1/2" WIDE x 1.00 SQ FT

O (N~ |WIN

10 |50-025-010

REEMAY, 2" WIDE x 1.00 SQ FT

GENERAL NOTES:

5) PNUMATIC PRESSURE TEST INNER VESSEL 49.5 PSIG PER QUAL-PR-0017

7) ALL INNER VESSEL WELDS MUST BE TRACEABLE, MWTR FORMS APPLY

1) THIS DRAWING REPRESENTS MODIFICATION NUMBER 1 TO BE PERFORMED ON THE INNER AND OUTER VESSEL OF THE
LIQUID ARGON CRYOSTAT SUPPLIED TO YALE ON PHPK SALES ORDER 07-2032.

2) THE MODIFICATION TO THE INNER VESSEL WILL BE INCLUDED IN A DESIGN REPORT DOSSIER AND REVIEWED BY AN
AUTHORIZED INSPECTOR IN ACCORDANCE WITH THE NATIONAL BOARD INSPECTION CODE FOR APPLICATION OF "R" STAMP.

3) SEE DOCUMENT NUMBER 12-4007-9910 FOR ASME CODE CALCULATIONS FOR THE INNER VESSEL.

4) SEE DOCUMENT NUMBER 12-4007-9911 FOR ASME CODE CALCULATIONS FOR THE OUTER VESSEL.

6) HELIUM MASS SPEC LEAK TEST PER QUAL-PR-0018, 1x10-9 STD CC SEC AIR EQUIV. MAX

12-4007-0501 1 REQD
WHERE USED
DRAWN BY DMF TOLERANCES 2111 BUILDERS PLACE
PHPK COLUMBUS, OH 43204
CHECKED SPW FRACTION | =+ 1/8 TECHNOLOGIES 614.486-4750 WWW.PHPK.COM

2PL
ENGINEER SPW

XX

+.01 | TTLE

3PL XXX

+.005

REVIEWED MJA ANGULAR

e MODIFICATION 1, FINAL ASSEMBLY

YALE LAR CRYOSTAT MODIFICATIONS

-- PHPK TECHNOLOGIES PROPRIETARY --
INFORMATION ON THIS DRAWING MAY NOT BE DISCLOSED TO ANY
PARTY WITHOUT WRITTEN AUTHORIZATION FROM PHPK

RELEASE | 1/22/2013

6185 SIZE | DRAWING NUMBER

ool B | 12-4007-6510

DIMENSIONS ARE IN INGHES AND PROVIDED PRIOR
TO SURFAGE TREATMENTS, UNLESS NOTED. ESTWEIGHT  N/A v3.10.15 ‘|51'€F/E|156 1 OF

CHG

A

2




-- PHPK TECHNOLOGIES PROPRIETARY --

3X @1/4 THRU EXISTING CLOSURE
RING EQUALLY SPACED

32 CUT @1.53 HOLE THRU INNER VESSEL
SECTION B-B (1/8) - ON CENTER OF EXISTING SUPPORT
JT-1
118
A /
‘—

| %ﬁ\\

' — —

' ‘ /@

|

/
| T e

% {:S@g
|
| (14 1/4) ‘/®
== I~ == == = —
+ B (13 15/16) 9 ~ 7 01 TYP
|
] 1
|
2
|
Sfis
[ [Tl N [TT
i (4 13/16) : | ;; \
(37/16) @3 1/2" HOLE THROUGH
I % T T EXISTING PLATE
| (1 7/16)
SIZE DRAWING NUMBER CHG
“A © ® Q0 B| 12-4007-6510 A

SECTION A-A

ESTWEIGHT  N/A v3.10.15 hHﬁ/E]Tssz OF 2




-- PHPK TECHNOLOGIES PROPRIETARY --

<

sminimes

[T

o I

1/4)

4.3/8

1/8
1/8

(11
N
us

iwe

O 1

SECTION A-A

PARTS LIST
ITEM QTY PART NUMBER DESCRIPTION TAG NUMBER MATERIAL NOTES
1 2.000in | 0700-10-04-00C3 TUBE, 5/8" OD X 16 GA ASME SA249 WELDED 304
2 12.000 in | 0700-24-08-0018 TUBE, 1-1/2 OD X 0.120 WALL ASME SA249 TP304/304L CO3
3 3.752 in | 50-028-020 TUBE, 1/2" OD, 0.12 WALL G-10
4 8 9000-05-13-0807 BOLT, HEX HEAD, 5/16-18 UNC X 1-3/4" LG ASME SA193 GR B8
5 8 9101-05-18-0009 NUT, HEX, 5/16-18 UNC ASME SA194 GR 8
6 8 9202-10-10-0889 WASHER, SPLIT LOCK, 5/16 NOM ID STAINLESS 18-8
7 1 9911-00-03-00D0 CONFLAT FLANGE, FIXED BLANK, 3-3/8 O.D., KURT J. STAINLESS 304L
LESKER #F0337X000N
8 1 9911-02-04-04D0 CONFLAT FLANGE, COUNTER BORED FIXED, 3-3/8 O.D. X STAINLESS 304L Co3
1.435" DIA. C'BORE, KURT J. LESKER #F0337X150N
9 1 9911-10-04-0074 GASKET, 3-3/8 FLANGE, (10 PER PACKAGE), KURT J. COPPER OFHC
LESKER #GA-0337
1/2"
TACK WELD 3X TYP
15/16"(3)
32
12-4007-6511 1 REQD
WHERE USED
DRAWNBY | DMF TOLERANCES 2111 BUILDERS PLACE
PHPK COLUMBUS, OH 43204
CHECKED SPW FRACTION | +1/8 TECHNOLOGIES 614.486-4750 WWW.PHPK.COM
2PL XX | .01 TITLE
ENGINEER | SPW v YALE LAR CRYOSTAT MODIFICATIONS
3 . .
REVEWED | WA | mouan | £ 12 DRAIN TUBE ASSEMBLY
RELEASE 6185 SIZE DRAWING NUMBER CHG
oare | 1/22/2013 _ _
-- PHPK TECHNOLOGIES PROPRIETARY -- EDRNO B 1 2 4007 65 1 1 N/C

INFORMATION ON THIS DRAWING MAY NOT BE DISCLOSED TO ANY
PARTY WITHOUT WRITTEN AUTHORIZATION FROM PHPK

DIMENSIONS ARE IN INCHES AND PROVIDED PRIOR
TO SURFACE TREATMENTS, UNLESS NOTED.

ESTWEIGHT 5.03 Ibmass

v3.10.15 {9gEs61 oF 1




£ i NORTH AMERICAN STAINLESS
NES! e BIE.‘TALI{URGICM. TEST REPORT - SHOFIGHWAY 42RAST
NORTH AMERICAN sr’g%s i !
Certificate: 35334 ' 1 s S P—— ;} Ship Tor oy Date: 5/16/2007 Raga: 1 - N
4645 PORT ROYAL ROAD 4645 PORT ROYAL RORD R
Customer: 000305, 033  gpar oo TO0w B0AD ; SPRING ETIL, o 37174 . 3 . iy
- } k -,
yoc o , .S .{/Ol £ Finish;HRAy ;
Your Order: 153658 HAS Order: TN 0024008 0= Corresion: AFTH AI62/02nK;100Pend-0R
o 1 BENARKE T ' s
STAIMLESS STEEL COIL, HOT ROLLED AND PICELED, Hat’l free of Hy contam., No weld repalrs. RoHS-Compliant, g
ASTHMAZ40/06b, 480/06b, 666/03, mns,nwoa-aus,aaesuoa. ER 10206 3.1 PED 97/33/EC Aunexl, Para, 4.3 QQE'IGBF Cond A
QQS766D-A X MG PERM,AMSSS13H X MK, RILS05SD,AMD3,X CRWN MEAS t NACE MRO 175, HACE MRO 103, EN 10204 3.1.5 W
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—;’: ¢ il i { L
: 4. !
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RathGibson Janesville LLC CERTIFIED REPORTS OF TESTS Page 1 of 1

Ra-th " 2505 FOSTER AVENUE per EN 10204:3.1
s JANESVILLE, WISCONSIN 53547-0388 U.S.A,
o ~ _ . Mptified Body TUV Rbeinland WA, ISO 9007 2008 Con. No. 74 100 2835 (DAR). 74 300 2035 [ANAB],
PHONE 608-754 2222' FAX 608-754-0889 PED 0% 202 USA/Q-DZ 0691, AD-WQ D1 202 USA/A-0G 8473
CUSTOMER ORDER # C248394/1 S0LD TO TW METALS INC. SHIP TO TW METALS - CAROL STREAM
PURCHASE ORDER # WM49270193 P O BCX 644 235 TUBEWAY CRIVE
CERTFICATION DATE 1/30/2012 7:55'52A8 EXTON, PA 19341-0644 CAROL STREAM, IL 60188
SHIF VIA CUST PIUICCLLECT
DESCRIPTION Ll 500" X 0,120 AVG TPI04/TPI04L ASMESAS TM SA249/AZ49/A269fA554 ITEM NUMBER JT1500108830403200020
PRODUCT TYPE WELDED TUBE, BEAD REDUCED, BRIGHT SOLUTION ANNEALED QUANTITY 3.000 FT
HEAT TREATRMENT 1800F {1046C) MIN, QUENCHED IN INERT GAS ATM NUMBER OF PIECES 150
REVISION DATE ASME SA245-E1C. ASTM A249-10a, A269-10, A554-10 MELT ORIGIN USA
COMMENTS Matenal s FAR BAA, DFARS BAA, FAR TAA compliant, MELT PRACTICE EAM / AQD
MADE IN Usa

CHEMICAL ANALYSIS (WT%})
//uaat o [+ Bin P s sl cr Wi Mo Cu ca N POSITIVE MATERIAL 1D
835886 0.014 ~ .54~ 0.033 - 0.0090 039 182 8167 044 046 — 033  0.07 OK (ASTM E1476)

MECHANICAL TEST(S

YIELD STRENGTH [0.2% OFFSET) TENSILE STRENGTH ELONGATION {% IN 27) HARDNESS
54300 PSI (379 MPA)__ 52000 PSI (634 MPA). 56 HRB 86
53900 PSH (372 MPA) 91000 PSI (627 MPA) - HRB 856
FLANGE TEST - PASS REVERSE BEND - PASS REVERSE FLATTENING - PASS DIMENSIONS - PASS TW m
FLATTENING TEST - PASS FLARE TEST - PASS EDDY CURRENT - PASS ETA
ADDITIONAL TEST(S) ;g
NIA =
AR —. ’ —
= HAN-2-1-202
ATIEST:
RathCibaon Janesville LT dors nof use mercury. lead, sultur or any special mewr alloy which ia liquid of smbsent teenparatir in 1 prasuct of fachiy. “neie s na known drtrimantal malenals in e line madong ink. Waeld repail wag sol used 16 manulaciine thie product
RathGibson's stninless sleel tuting manutacturing process does nof wse any of the praducts (ameted in tha U.5. Clean Al Act of 1980, nnd & lwnt i ihe Ei iy RoHS Direciive 20020 5EC.
We fiereby le sty thal the i ibed hetein hos been and tastad o be in Wil thes specificaton:. a3 slaled i the "ORDER DATA" poriton of this report. Technical lxquitng regaroing Mis form shauk: be dirseied to the
Technical Bervices Group, All other nadk gy Ihis cantification sho ukd Be directeo 1o the prapane (See betow).
Fbt purposes of I’] wrih the i shal be nunded 0 sccardanse with the 18unaing.off methes o1 ASTM praclice E 20 03 noted In section 6.4.4.

Cert 1D 292958-2012-1-30

MTRE-01 Rev. 7 Rev, Date 0671172010 A ‘Pﬂ%é’ 3 v s Sob i 2"
Michael Aston. Quality Assuranes Manager, CQE, MR Peagy Truekdilldh, MILL CERTIFICATION
COSIGNEE Mesde worv + Thb consignivent was find Over to casdler & Dot clss candlfon MEDS - Meiedn Jnlely Cadn Ghe#ts [of D4 omOuct fuee bess suppo 0 pai Perchasing GMALL 8OY REPRODUCE « nis cenifoms of (ssf resds shal mpl Do reprosisded ascepn v
bemg comecty lomswd, af which Sre et mEpentlbily lo¢ tows o1 Wamsge ko hipoend cowsed Dapertrart  opd e s b oo Hieed L0 CAUTION: | (uiL ik e fren i ke LLE.
For ol pretection plemss  elarrier Jhpmenl S8 N el b any shomage uof damege i Procetung thet mabks in fumes, SaEl, aF soidloni ey Eaule lung disesee.  Cew eterisl Geter,
N e by Agent on weybil Berar vigaleg. Dats Enests for Addl lousd inksmuation ]
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CFoe=Rr=gr=py/t | DATE Y g > a3
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I §




PHPK @) S\V/F Torr Master®

TECHNOLOGIES

2111 Builders Place, Columbus, Ohio 43204 * Office 614-486-4750 * Fax 614-486-4950 « www.phpk.com

Penetrant Inspection Report

Sales Order: 12-4007 Drawing Number: 12-4007-6510

Description: Yale Lar Cryostat (MOD 1) Test Performed By: S. Thomas

Project Engineer: S. Willming

PHPK Procedure Specification: QUAL-PR-0007

Penetrant type: Visible Dye: X

Penetrant: Magnaflux SKL-SP  Batch No: 05HO5K
Cleaner: Magnaflux SKC-S Batch No: 10M0O7K
Developer: Magnaflux SKD-S2  Batch No: _10CO8K

Lighting: Work Light / Flashlight (as needed 100 foot candles minimum)

Conclusions: Note joint number and bill of material item number (description) below. Also list type of indication
(liner or rounded) and location & size if any are observed.

J-1 BOM #4 to Inner Vessel (drain tube assembly to inner vessel)

No Recordable Indications To Report

_AtA F 3/4/14

Signature Date

v3.10.15 115/156



Section IV

Inner Head
12-4007-0502 (MOD 2)

e Material & Weld Traceability Record, 6522
o Drawing, 6522

v3.10.15 116/156



-- PHPK TECHNOLOGIES PROPRIETARY --

ASME "R" STAMP
NAMEPLATE AND BRACKET

600007
660082

GENERAL NOTES:

1) THIS DRAWING REPRESENTS MODIFICATION NUMBER 2 TO BE PERFORMED ON THE INNER AND OUTER VESSEL OF THE
LIQUID ARGON CRYOSTAT SUPPLIED TO YALE ON PHPK SALES ORDER 07-2032.

2) THE MODIFICATION TO THE INNER VESSEL WILL BE INCLUDED IN A DESIGN REPORT DOSSIER AND REVIEWED BY AN
AUTHORIZED INSPECTOR IN ACCORDANCE WITH THE NATIONAL BOARD INSPECTION CODE FOR APPLICATION OF "R" STAMP.

3) SEE DOCUMENT NUMBER 12-4007-9910 FOR ASME CODE CALCULATIONS FOR THE INNER VESSEL.

4) SEE DOCUMENT NUMBER 12-4007-9911 FOR ASME CODE CALCULATIONS FOR THE OUTER VESSEL.

16-1/2" CF FLANGE
W/ GASKET AND BOLTS

14" NPS SCH 10 (.188 WALL)

/ HEAD TANGENT LINE

R6 3/8

/ R17/8
/

REF: OUTER HEAD - @42 x .25" THK

/ HEAD TANGENT LINE

REF: INNER HEAD - @30 x .19" THK

SECTION A-A
WHERE USED
DRAWNBY | SPW TOLERANCES 2111 BUILDERS PLACE
PHPK COLUMBUS, OH 43204
CHECKED MJA FRACTION | +1/8 TECHNOLOGIES 614.486-4750 WWW.PHPK.COM
2PL XX | .01 TITLE
ENGINEER |  SPW v YALE LAR CRYOSTAT MODIFICATIONS
3 . .
REVEWED | wA [ acoan | 21 MOD 2 - GENERAL ARRANGEMENT
RELEASE 1 2/21 /201 2 6142 SIZE DRAWING NUMBER CHG
DATE
-- PHPK TECHNOLOGIES PROPRIETARY -- EDRNO B 1 2'4007'0502 N/C
INFORMATION ON THIS DRAWING MAY NOT BE DISCLOSED TO ANY DIMENSIONS ARE IN INCHES AND PROVIDED PRIOR
PARTY WITHOUT WRITTEN AUTHORIZATION FROM PHPK TO SURFACE TREATMENTS, UNLESS NOTED. ESTWEIGHT  N/A v3.10.15 1%’%/51“56 1 OoF 1




PHPK

TECHNOLOGIES

Material & Weld Traceability Record

12-4004-MWTR-6522

PHPK Form QA-FO-0011

File Name

Drawing Number

Next Assembly Number

Dwg #

Rev Ltr Dwg #

Rev Ltr

12-4007-6522

B 12-4007-6521

N/C

Inner Head Weldment

Modification 2

Work Ticket Number

Serial Number

Date Assembled

4007008

R8

3/8/2013

Put the heat number or serial number on the completed assembly with a permanent marker.

Parts & Subassemblies

Item | Part Number (Dwg No - Item No) Heat Number (Enter here or below) Description
2 07-2032-6500 451657 Cryostat Inner Head
3 *4007 E3T5 Cryostat Inner Head Custom Inverted
4 70-001-050 3HR6 ASME R Nameplate Bracket

Raw Material & Welding

Joint | Items Joined ltem Heat Numbers Weld Filler Metal Welder
ID No A B A B Heat Number ID No.
JT-2 2 3 451657 E3T5 118442 P-15
JT-3 2 4 451657 3HR6 118442 P-15

Document Number:QUAL-FO-0011, Rev. N/C, 2/5/10, EDR # 4402

v3.10.15 118/156
Page 1 of 1




-- PHPK TECHNOLOGIES PROPRIETARY --

REVISIONS

DESCRIPTION

REVISED WELD SYMBOL

(230)

01 TYP > 1742\

@11 1/32 THRU

f-— 33—

[ JT-3

TACK WELD 4 CORNERS

6266 | ADDED ENLARGED VIEW OF "R" STAMP NAMEPLATE

6289

MJA

SPW | SPW

SPW | SPW | MJA

DWN [CHK'D |ENG'R [RVW'D| EDR

DMF

DMF

DATE
02-21-2013

02-27-2013

REV

A
B

6 3/4
(3/8)
. \ i
}
61/2)

SECTION A-A

PARTS LIST
ITEM | QTY PART NUMBER DESCRIPTION TAG NUMBER MATERIAL NOTES
1 1 02-001-061 ASME "R" STAMP NAMEPLATE ASME SA240 304
2 1 07-2032-6500 CRYOSTAT INNER HEAD ASME SA240 304
3 1 12-4007-6524 CRYOSTAT INNER HEAD CUSTOM INVERTED HEAD ASME SA240 304 PPR-4007-01
4 1 70-001-050 ASME CODE NAMEPLATE BRACKET ASME SA240 304
PHPK TECHNOLOGIES
4 d
ALTERED BY ooy uMBUS, OHIO 43024
CERTIFICATE HOLDER
(.(‘ ‘H MAWP 30  psI
kL J) AT 100 ©F
R-6728 2013
NATIONAL BOARD "R" DATE
CERTIFICATE NUMBER
12-4007-6521 1 REQD
WHERE USED
DRAWNBY | DMF TOLERANCES 2111 BUILDERS PLACE
PHPK COLUMBUS, OH 43204
CHECKED SPW FRACTION | +1/8 TECHNOLOGIES 614.486-4750 WWW.PHPK.COM
2PL XX | .01 TITLE
ENGINEER | SPW v YALE LAR CRYOSTAT MODIFICATIONS
3 . .
revieweo | wh [ acosn 510 INNER HEAD WELDMENT
RELEASE 1 /22/20 1 3 6185 SIZE DRAWING NUMBER CHG
DATE - -
-- PHPK TECHNOLOGIES PROPRIETARY -- EDRNO B 1 2 4007 6522 B
INFORMATION ON THIS DRAWING MAY NOT BE DISCLOSED TO ANY DIMENSIONS ARE IN INCHES AND PROVIDED PRIOR
PARTY WITHOUT WRITTEN AUTHORIZATION FROM PHPK TO SURFACE TREATMENTS, UNLESS NOTED. ESTWEIGHT  N/A v3.10.15 1%’@/@56 1 oF 2




-- PHPK TECHNOLOGIES PROPRIETARY --

(4 3/16)

R17/8 R6 3/8

090 ———— =

135

SECTION VIEW OF HEAD

SIZE

B

DRAWING NUMBER

12-4007-6522

CHG

B

EST WEIGHT  5.748 Ibmass

v3.10.15 {9@E562 oF 2




-

S0# 271262 SO LINE# 1 . -
Customer PO # 073353 Pc. Count2

Tag #

Job #
bbb b
¥ CERTIFICATION *
#ii*&iii*i:sg"**ﬁ* Outakumpy Stainless Coll, fnc.
-5/ 1{‘, “g 75"1( O.-Ovt L 4535! Nur!;onnpale Road
ite 201
—-r‘? | o $oh L E01732218
METALS . T)C. / 4L o ﬁg'gggb:;gw::
Branch’ #9105 H4#® 481(51-00 Fax 647} 5172980
F. o, BOX 571300 0 (300 §
TULSA - DK 74157

www.outakumpu.com/stainlesyned
HEAT 451657-002 ORDER DBO65B6/001 SON 1267438 BODOOODOO TAG 0028474 2/02/05

B Ut L EL T T LT T YOUR ORDER & DATE »==w~==vwacoc—ea-- FEmme————— -
apaoz 0/00/00  CUBTH METALSO1 CUST TRGH

------------------------------ ITEM DESCRIPTION T e
GRXDE 3041;/304

04L HERAP .1B75 X 72 X ¢OIL Country of Nelt ; SWE
Ship Conditien A Ceuntry of Mfg. : SHE
Total Bundles 1 Total Welght 23501
BT AEos A E 5“““%%3“""%0"aaa'aa‘iaaaaa; """""" -
ASHE EA480-00ED 00 IDDEHDL AMS 5511G ENCEPT LINE M
AMS 5513C¢ EXCEPT L MIL-5-40438 EX Ho, CU= 7.5 HAX
MIL-5-5059D WITH EHCE?!'IONS Eg-sﬂﬁﬁn ANEND IfI EX.P4.5.2
ASTH 3240-00 Tt 2480-558
ASTM A666-00
S e —————— =~ MECHANICAL & OTHER TESTS ~=wrrvre-=-msmmemmmmm——en

Test Wmhtion

Hardness as tested HB 167
Hardness ag tesgted 163
‘Tehsile styren th KSI { a}- 90.0 621
Micro - NA Yield st.rengt HPa) 45.0 ( 310
Intergranular con-osian [+'3 Elongation % ;{n 4 50.0
Haero 0K Raductinn of area z .0
----------------------- LT T CHEHICM. CWDSITIW 0 e
Carbon c 021 Hlngam:u fn) 1.650
Phosphorus (P 028 Sulphux E] 00l
Silicon 8 .320 Chromiun Cr) 18,220
Nicl:el i 8.280 Cobalt Co 180
g Cu 360 Holy Mo .400
rogen N- 070
®) Balahce

F!
Malt Practics

Refining Practice

We hereby certify that the material herein has been nade and tested in
accordance with the listed specification(s) and that the results of all
tests are acceptable.

A s e e

. - A
Free of known mercury contamination g@al%

HEVIEW
P 1id-ay

Quality Manager
Authorired Signaturs Chuck Turack

o
O7-208 7 “dysc); s |25 (QE,b

/ﬂ()/@é&y? by 1 u«—dL

o d3%

D30 X 3y OLFL -
H b o ?{-7/]6 Z DfR v3.10.15 121/156




6870 Highway 42 East
NAS) NORTH AMERICAN METALLURGICAL TEST REPORT Ghent, KY 41045-9615
STAINLESS (502) 347-6000
L AT
- PR i : Mail To: Ship To: : = =
nrpAficate: TRAZIL D4 o p0 wers sEnvics GENTER ALRO METALS SERVICE CENTER Date: 11/05/2012  Pager i
ALRO GROUP CUSTOMER PICKUP
Customer:0570 013 P.O. BOX 927 5620 CHURCHMAN AVENUE Steel: 304
JACESON, MI 49204-0927 INDIANAPOLIS, IN 46203 e v
Finish: 2B
Your Orxder: 8632149 MAS Order: AM 0540809 01 Corrosion: ASTM A262/02aE;180Bond-0OK
PRODUCT DESCRIPTION: RRNMARKS:
STNLESS STEEL SHEET, C.R., ANNBALED & PICKLED; UNS30400 Mat’l is Free of Mexzcury Contaminstion. No weld repairs. -
ASTM A240/11b,A480/11b,A666/10;ASME SA240/11a,SA480/11a,SA666/11a EN 10204:2004 3.1; RoHS Compliant
CHEM ONLY ON FOLLOWING ASTM: A276/10,A479/11,Ad484/11,A312/11 Material is Free of Radioactive Contamination
CHEM ONLY ON FOLLOWING ASMZ: SA312/11,SA475/11 MAS Steel Making Process: EAF, AOD, & Comt. Casting
AMS 55130 XMRK; MIL-S-5059D AMEND3 (X CROWN MEARS) Product Mfg.by a Quality ¥Mgt.Sys. in Conf. w/ISO 9001
NACE MROL75/IS0 15156-3:2003 A, MRO103/07;QQS766D-A X MAG PERM *Melted & Manufactursd in the USA; Mat’l is DFARs Compliant
MIN. SOLUTION ANNEAL TEMP 1500F, WATER QUENCHED
Product ID # Coil & Thickness Width Weight  ~———==m- Length~—~~~-- Mark Pieces ZDP # 1
DDOSO7 + p3E3T5 D .1200 36.0000 4,960 SHEET 96.000 11 42 14816540 J
.
CHEMICAL ANALYSIS CM(Country of Melt) ES(Spaln) US({United States) ZA(South Africa) JP(Japan) Chemicael snalysis per ASTM A751/08
[ mear cm c % CR % cU % MM % MO % N % NI % P % S % )
JE3T5 us .0452  18.3390 .4035 1.6420 .3010 .0593 8.0015 .0310 .0010
5 % I{ ALRO STEELMETAL
.3205
MECHANICAL PROPERTIES RIBBPSE?S?
r ) — — <
SO (¢7F [/ Yoa 1
o i UTS .2% ¥S ELONG Hard  Tail 20/ '
Product ID # Coil # c . KSI _ ESI  %-2" RB Bard ALRO Sigety YoorPensio | BHPHZ o
TINDT
DDOS07 03E3T5 D FT 95.92 50.21 51.54 88.00 87.50 DATE. 2~2147 QA APPROWVAL F5£
NOV axg8tCD 7#c32 [/ "oe x/9¢3
RECLME
SUBJECT 10 tawasF pSp
N J
NAS hereby certifies that the analysis on this certification is correct. Based upon the results and the accuracy Technical _ =" i =
of the test methods used, the material meets the specifications stated. These results relate only to the items Dept. Mgzr. B TE492/156
tested and this report cannot be reproduced, except in its entirety, without the written approval of NAS. ERIC HESS 1170572012



A L T

NAS)) NORTH AMERICAN
STAINLESS

METALLURGICAL- TEST REPORT

s ALISTE
=y e~

6870 Highvway 42 Eaat

Gheng ¥ 41045-9615

Hail Toi

ROLLED ALLOYE

9944 PRIRCETOH-
CTHCIERATE, OE 45246

AT T R AT T
Certificata: 383578 0L
Customexr: 2830 009

Your Oxdezs (24144 mag Order: AN 0383356 01

(502) 347-6000
ioump Tix’;mus Date: 1/13/200‘5 ' Page: 2
5944 PRINCETON-GLEMDALE ¥D.
CINCININTY, OF 45246 draelr 104
Finish: 3B

Corroplon: AOTM A262/02uK) LE0Rends0K

PRODUCT DRSCRIPTILIONG
STAINLESS STEEL COIL, COLD ROLLED, AMNEALED AXD PICKLED.
ASTHAZ40/07,4680/06b, Ess/oz,nmmtolci-ms,430/04-}.1:5,5:\665{04
QOATESD -k XMGPRM, ARSSSLLE/G 5130 XHRYEYN, MILAQ433, D3  XORARMERSLF
UNY 830403 / URS 330400

o i
REMAREH:
Mat’l Fres of Neroury Contemination. ¥o weld cepadrs.
wH 10204 3.1; 0QQS763F Cond Ay RoES Compllant
* Melted & Mamufactused in the TGA
#in Kamoal Tomp 1950%, Water Quenchy AOD Meolt Practice
®H 10204 3.1.B/DIN 50049) RaCH HROL75/3001
ROLLED ALLOYS QUALITY ASSUI

KFUROVED Nt
o A\ 3O OX
- 9
Produot ID # Call B Thickness  Width Welght  -=----<-length-r----- Muxk Plocaa ]
033ERE D & 03IERE D L0600 £8.0000 6,970 COYL 738.40 11 1 J
CHEMICAL ANALYSIS CM(Country of Mal)  ES(Spuin) US(United Stetas) ZA{South Africa)
HEAT cu 42 co TR T Ll HO % I ? ]
V; 3ER6 TR 0218 L1669  18.6198 .4135 1.7031 3487 L0801 8.2023 0331
a8 21
L0017 .3508 b o
L. »,
MECHANICAL PROPERTIES
- " i
o 1 WUTB .2% YE BLOKG Hard  Tail 1.
Product ID # Codl # o ¢ EBI KBI K-2 28 Hnrd
013ERE D 033HRE P T $9.97 58.30 41.65 91.00 83,00
g .

NAS hateby certifles that the analysts on this certilcation Is correct and the
matorial meets the speclilcations ﬁa!ad. o ?

QC ENGINEER

6/30/2008
g ERIV HEESS : Yo e

§ BN

QA
BV GICTES REVIEW
PN To-001-050

Nome ploi'-e gmt\m)v

- v3.10.15 123/156




Section V

Inner Nozzle Flange
12-4007-0503 (MOD 3)

e Material & Weld Traceability Record, 6533
o Drawing, 6533

e Material & Weld Traceability Record, 6534
o Drawings, 6534,6535

e Form U-2A

v3.10.15 124/156



= PHPK TECHNOLOGIES PROPRIETARY -

REVISIONS
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[ 3,00 —=

1.50 —p—=

BOLTS TO BE RE-USED FROM
EXISTING CRYOSTAT - NUTS
ARE TACKED TO BACK OF FLANGE

@6 58 —

B B
SHT 2 SHT 2
SCINTILLATION CONNECTION PORT - OUTER FLANGE VIEW
GENERAL NOTES:

1) THIS DRAWING REPRESENTS MODIFICATION NUMBER 3 TO BE PERFORMED ON THE INNER AND OUTER VESSEL OF THE
LiQUID ARGON CRYOSTAT SUPPLIED TO YALE ON PHPK SALES ORDER 07-2032,

2) THE MODIFICATION TO THE INNER VESSEL WILL BE INCLUDED IN A DESIGN REPORT DOSSIER AND REVIEWED BY AN
AUTHORIZED INSPECTOR IN ACCORDANCE WITH THE NATIONAL BOARD INSPECTION CODE FOR APPLICATION OF "R" STAMP,

3) SEE DOCUMENT NUMBER 12-4007-8910 FOR ASME CODE CALCULATIONS FOR THE INNER VESSEL.
4) SEE DOGUMENT NUMBER 12-4007-8911 FOR ASME CODE CALCGULATIONS FOR THE OUTER VESSEL.

SCINTILLATION CONNECTION PORT - INNER FLANGE VIEW

* Tobrcaded and
A~k NB e

S O

-- PHPK TECHNOLOGIES PROPRIETARY --
INFORMATION ON THIS DRAWING MAY NOT BE DISCLOSED TO ANY
PARTY WITHOUT WRITTEN AUTHORIZATION FROM PHPK

WHERE USED

e UILDERS P E

DRAWM BY SPW TOLERANCES PHPK [Z]BQUBMBLUDSI O?-' ;.3:'\2%4
CHECKED s | FRacTien | £ 18 TECHNMOLOGIES 514-435-4750  WWW,PHPK COM

s [l O ""“YALE LAR CRYOSTAT MODIFICATIONS

| e Mo MOD 3 - GENERAL ARRANGEMENT
RELEASE 6137 BIZE |DRAWING NUMBER GHG
e | 12/19/2012150 B 12-4007-0503 A

DEMENSIONS ARE |M INCHES AND PROVIDEE PRIOA
TO SURFACE TREATMENTS, UNLESS HOTED,

ESTWEIGHT N/A Joweer 1 or 2

i

v3.10.15 125/156




-- PHPK TECHNOLOGIES PROPRIETARY --

INNER VESSEL WALL

BUNA O-RINGS BY PHPK
FOR LEAK TESTING ONLY

—~ A+ \

1.39 f 1.50" OD x .12 WALL j
\ FASTENERS OMITTED IN

THIS VIEW FOR CLARITY

* -/

L1/4

1.50" OD x .12 WALL J

SECTION B-B
FROM SHT 1

)

~— 1.63

HELICOFLEX SEALS MUST BE INSTALLED
PRIO TO OPERATION WITH LAR - BY YALE
(6.00)
+ A
g Ny _—\ VACUUM VESSEL WALL
| | 6" NPS SCH 40 /
W & ¥
\ 2.75 0D CF
FLANGE - 2x
L 0.63
NEW VITON O-RING 01-TvP
IF REQUIRED BY PHPK
6" NPS SCH 40
! =1
| | 2.750D CF
| FLANGE 2x
= *>> SECTION A-A
le— 1.50 —s-le— 1.50 —>

HEX NUT - 1/4-20UNC

SIZE

B

DRAWING NUMBER

12-4007-0503

CHG

A

EST WEIGHT N/A

v3.10.15 {96#562 OoF 2




Material & Weld Traceability Record

12-4004-MWTR-6533

PHPK
TECHNOLOGIES
PHPK Form QA-FO-0011 File Name
Drawing Number Next Assembly Number
Dwg # Rev Ltr Dwg # Rev Ltr
12-4007-6533 N/C 12-4007-6532 N/C
Inner Nozzle Flange Modification 3
Work Ticket Number Serial Number Date Assembled
4007011 R8 3/1/2013

Put the heat number or serial number on the completed assembly with a permanent marker.

Parts & Subassemblies

Item | Part Number (Dwg No - Item No) Heat Number (Enter here or below) Description

1 *4007 2600791 Plate, 1" THK, 11-1/4" OD

2 07-07-0088 TU-YU239958 Pipe, 6" NPS SCH 40

3 12-4007-6534 SEE MWTR 6534 Inner Nozzle Plate 02 W1

4

5

6

7

9

10

11

16

26

Raw Material & Welding

Joint | ltems Joined ltem Heat Numbers Weld Filler Metal Welder
ID No A B A B Heat Number ID No.
JT-5 2 3 TU-YU239958 SEE MWTR 6534 118442 P-15
JT-6 1 2 2600791 TU-YU239958 118442 P-15

Document Number:QUAL-FO-0011, Rev. N/C, 2/5/10, EDR # 4402

v3.10.15 127/156
Page 1 of 1




-- PHPK TECHNOLOGIES PROPRIETARY --

PARTS LIST
ITEM | QTY PART NUMBER DESCRIPTION TAG NUMBER MATERIAL NOTES
1 1 *4007 PLATE, 1" THK, 11 1/4" OD ASME SA240 304 Co3
2 1.910 in | 07-07-0088 PIPE, 6 NPS, SCH 40 ASME SA312 ERW 304/304L CO3
3 1 12-4007-6534 INNER NOZZLE PLATE 02 W1

(P11 1/4)

[-—
DETAIL ITEM #1 45.0°
1 REQD.
. | |
(11/8) (1 11/16) Y />\|
M 0.63 0.33
I 6.07
‘ ‘ SECTION B-B 12-4007-6532 1 REQD
} } WHERE USED
41/8 DRAWNBY | DMF TOLERANCES 2111 BUILDERS PLACE
PHPK COLUMBUS, OH 43204
‘ 23/4 CHECKED SPW FRACTION | +1/8 TECHNOLOGIES 614.486-4750 WWW.PHPK.COM
. +. TITLE

I 2916 ENGINEER |  sPW PL m N 0‘25 YALE LAR CRYOSTAT MODIFICATIONS
(1) . .

i REviEWED | WA oo | £um INNER NOZZLE FLANGE WELDMENT

RELEASE 1 /22/201 3 6185 SIZE DRAWING NUMBER CHG
DATE
SECTION A-A -- PHPK TECHNOLOGIES PROPRIETARY -- EDRNO B 1 2'4007'6533 N/C
INFORMATION ON THIS DRAWING MAY NOT BE DISCLOSED TO ANY DIMENSIONS ARE IN INCHES AND PROVIDED PRIOR
PARTY WITHOUT WRITTEN AUTHORIZATION FROM PHPK TO SURFACE TREATMENTS, UNLESS NOTED. ESTWEIGHT 26.12lbmass  v3.10.15 12@/E| 561 OF 1




MILL TEST REPORT TA CHEN INTERNATIONAL, INC. This MTR contains 1 page (Page# 1
Customer: JACRAC PO#:5819 SO#:CCH782 MTR#:AECL1382105.GI
Item:1.00060240304L#1 Bundle:2600791063 Heat#:2600791

g 1A

Aperam Intx América do Sul S.A @p @f@m

Hexd Otfee: Av. Camndad, nd 1115, 237 Andar - Conp - Baks Horlzuta - 843 - F0130-9%5 ~Drexil

Plant Prags 1*do Muio, n® - Cantro - Fiméles - HiG - I5180-058 - Srad

Bonchas: fv. Mercodat Heny, o 1420 - Disicko Industisl « Cnpions - S5~ 13054750 - Bzl
Rodmda RSG5, Kin 2.2 - S/ - Dlatdio Indushisl - Cadas do Sul - RS- S5610.690 - Brath

Number: 1382185
APERAM Order: 72088204
QUALITY CERTIFICATE Date: WEAW2012
lavwoles: 2544&‘1’2
Cusfomar: Ship 1o
ARCELORMITTAL-STAINLESS INTL USA, L T/ CHEN INTERNATIONAL ING
a8 FLORAL AVE 5855 OHSPQO AVENUE
MEW PROVIDENCE NJ 07974 LOMNG BEACH, TA
ELA £UA
P.OMR.: 788520 FL3T081-S
Steal gradas AISE 3041 Flalsh: WRi- HOT ROLLED Peaduct: PLATE
Dimonsionss 2540 nonx 1524 sun x 80986 mn - 1,000 In x §0.00 In x 2401
Mazks:
) Chemical composition
24 Mn i P =] Gr Bt Mo Al Co Cu N
H@&t ar. o & Q L o,
Yo % Yo Ya o Ya % %o o % Yo PPM
2600791 0,017 | 1,22 § 0470 § 0,084 § 0,002 | 18,26 | 8,03 § £.084 10,0014{ 0,150 }0,1914} 450
) Results
RIACH 2600741083
TestFariable Source: 250072106
H T H ¥ H T H 3 H X H T
Taansile Strength K51 93,84
Yield Strengih 8.2% K51 48,135
Elongation 2° % 53,00
Austenit Grain Size e ¥ 071G
Hardnass RB HRB B7.90 87,90
f0xalic Test DUAL 0
Mot Weighl |32 B.2780
Gross wﬂﬁﬂ LR RAT760
Heat & Lot identification {LM): . ok
Surfase guallty  dimsnslons: Ok
Heat treatment: Minimun Solation annes] (emp 1800 F
Standardss ASME SA4B0/SA4B0M 10 SAE AMS 5513H 05 SAE AMS 5511103 07
DIN 50049 92 ASTM A3 AZA0M 10B ASTHM A4RIFA4BOM 11D
ASME SA240/SA240M 10 DEN EN 10204.3.1 05 ANSENAC MROITS (ISO) 09
MNACE MROID3 03
Remarks: MADE IN BRAZIL/ COUNTRY OF ORIGIN; "BRAZIL® #/ COUNTRY OF MANUFACTURE: "HRAZI
¥ N0 WELD REPAIRS /I DUAL CERTIFICATE AIST 304/A151 3041 /7 ASTM A2E2
PRACTICE B
a} Fraa from marcury conlamination.
b} fres of ratlon from radic dty. (G while stored undar responsibitity of Aperam inox Amédcado SWIS.AL.
&} Certify that tha resulls abovs are corecl and in ace. with tha specificalions ur accepled concassian.
ti {Qualily management syslem cerlihad aca 1o standard SO 2001 - Certfificota ABS QE N* 30071,
e} Qualily management systam cartifiad aoc to standad 1ISCITS 18949 - Cedificate ABS-QE W°® 38324,
7 Environmental management system ceriified 2cc la standard 18O 14001 - Ceslificele ABS QE N° G5989.
gyCouniry of Meli: Brazll. Counlry of manufactura: 8razil,
& JACQUET NO.
(o0
~12364%
2-J9 11 e
Plaze [* Tui m.UJTR 5
“©533 Hen 1 v3.10.15 129/156

¥oa W wied Lo (1404528 Then A (Vv + 8% )




\VINN}‘R

ORIGINAL

Guslomer; MERIT BRASS

Order No.: P257595

® WINNER STAINLESS STEEL TUBE CO.,.LTD

B 450 143
ST AT

PEO D1/
AT

ADDRESS: JRD INDUSTRIAL PARK MIACBU VILLAGE. HUASAN

TEL: +86~20~36847851

MILL TEST CERTIFICATE (tssued Acc. to 3. 1/EN 10204:2005)

Issued Date:2006M12/20

Certificate No.:MB-F&23

TOWN,HUADU DISTRICT,GUANGZHCU.PRC
FAJC #856-20-8694 1744

Articlo:Sieinlcss sleel welded pipa

Specificstion: ASTM A312-04b/ASME  SA312-04b

tem No. | sie Lenglh| QiyPes | Mot Weight | Type  [Suipfish|  Hoathe, |, Anaesled ”‘("‘m’:_lf’:‘)“ Coofing  |Surtace Finlsh ”{:ﬂ“"‘g‘f‘;‘ ‘ET
86# PE05S 5'xSCH 405 20" 4 678.07 | TP3047m04L | HR fTU-YU239958 1825 17 |Walerquench|  piciisd 1300 | goos
874 P5095 £"«SCH 408 20° 4 679.07 | TPIMA0AL | MR | TU-vU230038 1625 17 waterquench|  mckied 1300 | good
88k PS0SE 6"=SCH 405 20° 4 679.07 | TP30404L | HR | TU-YU230358 1925 17 |walerquench| pickied 1300 | good
B 5096 $"xSCH 408 20 2 339.54 | TP4/304L | HR | TU-YU239958 1925 17 |waerquench| pickles 1300 | good
—
Chemical  Composition (%) Mochanical Teat
c MR P s Si Ni Cr Mo T. 5. (Ksi) Y. S.(Ksh) Efongation(%) Flaitening Hardness
MIN 8.00 18.00 ~— <
MAX 0.035 2.00 0.045 0.030 1.00 13.00 20.00 =5 i = =38 9“10‘:" ’;'%g
882 0.028 1.40 0.032 0.008 0.46 8.13 18.28 — 83 45 51 58.5 84
B7# 0.028 1.40 0.032 0.008 0.46 8.13 16.28 £ 83 45 51 58.5 84
asi 0.028 1.40 0.032 0.008 048 8.13 1828 — 83 45 51 58.5 84
so# 0.028 1.40 0.032 0.005 0.40 8.13 10.28 — 83 45 51 585 84
{Remarks:

1. Corrosion lesk. as par ASTM-AZE2, Practics E laccepied.
2. Dimensions & Visual :geod.
3. Matedals are free from mescury conlamination.

with the

Wo, Winner Staln'eas Steal Tubs Co., Lid., haroby csr!\fy that the products descrbed harein have bsen manufaciured in
and Specs as sbova and meat the sdqulnma

Page:18/21

TR -6533 Ten 2.

po

[069/6
gy 0y-0)-0F

ﬂ FERGUSON

v3.10.15 130/156



PHPK

TECHNOLOGIES

Material & Weld Traceability Record

12-4004-MWTR-6534

PHPK Form QA-FO-0011

File Name

Drawing Number

Next Assembly Number

Dwg #

Rev Ltr

Dwg #

Rev Ltr

12-4007-6534

N/C

12-4007-6533

N/C

Inner Nozzle Plate 02 W1

Modification 3

Work Ticket Number

Serial Number

Date Assembled

4007010

R8

3/5/2013

Put the heat number or serial number on the completed assembly with a permanent marker.

Parts & Subassemblies

Item | Part Number (Dwg No - Item No) Heat Number (Enter here or below) Description

1 12-4007-6535 E7N7 Inner Nozzle Plate

2 0700-24-11-0010 YX1110-537 Tube, 1-1/2" OD x 0.188 Wall

3

4

5

6

7

9

10

11

16

26

Raw Material & Welding

Joint | ltems Joined ltem Heat Numbers Weld Filler Metal Welder
ID No A B A B Heat Number ID No.
JT-7 1 2 E7N7 YX1110-537 118442 P-15
JT-8 1 2 E7N7 YX1110-537 118442 P-15

Document Number:QUAL-FO-0011, Rev. N/C, 2/5/10, EDR # 4402

v3.10.15 131/156
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-- PHPK TECHNOLOGIES PROPRIETARY --

la— (1 1/8) —mft—— (1 11/16) ——=]

32TYP

K77

3/8

13/4

3/16
3/16

SECTION A-A

INFORMATION ON THIS DRAWING MAY NOT BE DISCLOSED TO ANY
PARTY WITHOUT WRITTEN AUTHORIZATION FROM PHPK

DIMENSIONS ARE IN INCHES AND PROVIDED PRIOR
TO SURFACE TREATMENTS, UNLESS NOTED.

PARTS LIST
ITEM QTY PART NUMBER DESCRIPTION TAG NUMBER MATERIAL NOTES
1 1 12-4007-6535 INNER NOZZLE PLATE ASME SA240 304
2 3.500 in | 0700-24-11-0010 TUBE, 1-1/2 OD X 0.188 WALL ASME SA213 SMLS TP304/304L | C03
12-4007-6533 1 REQD
WHERE USED
DRAWN BY DMF TOLERANCES 2111 BUILDERS PLACE
PHPK COLUMBUS, OH 43204
CHECKED SPW FRACTION | +1/8 TECHNOLOGIES 614.486-4750 WWW.PHPK.COM
2PL XX | £.01 TITLE
ENGINEER | SPW v YALE LAR CRYOSTAT MODIFICATIONS
3 . .
revieweo | wh [ acosn 510 INNER NOZZLE PLATE 02 W1
RELEASE / / 6185 SIZE DRAWING NUMBER CHG
oare | 1/22/2013 _ _
-- PHPK TECHNOLOGIES PROPRIETARY -- EDRNO B 1 2 4007 6534 N/C

EST WEIGHT  3.44 |bmass

v3.10.15 {ggEs61 oF 1




-- PHPK TECHNOLOGIES PROPRIETARY --

(96.03)

1.10 —=

L2 [

Ltss TYP‘J

SECTION A-A

RAW MATERIAL
RM DESC MATERIAL NOTES
PLATE CIRCLE, 3/8" THK X 6 5/8" OD ASME SA240 304
45.0°
\
) } (3/8)
0.19
* }
DETAIL B
12-4007-6534 1 REQD
WHERE USED
DRAWNBY | DMF TOLERANCES 2111 BUILDERS PLACE
PHPK COLUMBUS, OH 43204
CHECKED SPW FRACTION | +1/8 TECHNOLOGIES 614.486-4750 WWW.PHPK.COM
2PL XX | .01 TITLE
ENGINEER | SPW v YALE LAR CRYOSTAT MODIFICATIONS
3 . .
revieweo | wh [ acosn 510 INNER NOZZLE PLATE
RELEASE 6185 SIZE DRAWING NUMBER CHG
oare | 1/22/2013 _ _
-- PHPK TECHNOLOGIES PROPRIETARY -- EDRNO B 1 2 4007 6535 N/C
INFORMATION ON THIS DRAWING MAY NOT BE DISCLOSED TO ANY DIMENSIONS ARE IN INCHES AND PROVIDED PRIOR
PARTY WITHOUT WRITTEN AUTHORIZATION FROM PHPK TO SURFACE TREATMENTS, UNLESS NOTED. ESTWEIGHT  2.65 Ibmass v3.10.15 13@/@56 1 OoF 1
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Eragler: ] - &= t’i
&h’ STAINLESS _ } - (502) 347-6000

¥Mail To: Ship To:
Certificate: s : ] 1 3
793415 02 [ 00 mpravs SERvIcE CENTER ALRO METALS SERVICE CENTER bate: 12/11/2012 REgak 3
ALRG GROUP CUSTOMER PICKUR .
Customer: 0570 014 5.0. BOX 927 5859 ALRO PARK DRIVE Steel: 304/304L
JACKSON, MI 4S204-0827 POTTERVILLE, ME 48876 ik
e e pias DECEE: i Dlvvavn we e B
o _ o PR T LA i

sat "4 i foge of llorcury Costaminsticun. No weld repalrs.

TN LUZUeiZuue Deny SOGD Ful T i
of Radiozective Contanization
« Dryeoesg: TAF, AOD, & Jornt. Castiay

PYTrY
"y wN

el = - - D Droduct M.y a Qualiiy Hgt.Sys. 1m ConI. w/IS0 3081
o CRITE/ISC 15179-7.2007 N, ¥PGL03/07:Q087SOT-% X OMAS PR et wad - Masufactuered iz che UIA; Matcl iz DFARs Compliant

WEN, EOOUTON ARAaT, TEME LSONF, WATER QUENCHED

Product I 4 Coil # Thickness Width Weight  —=—=—--- Langth-=——-== Mark  Pieces EDP # i
rrma.n;«: * 93E7ET C L3750 60.6023 5,875  SHEET 120.90 11 g 18552847 }
DREMICLAD A¥XLLITZIZE SidCouniry of Mok  TI{Spuln) US(United States) ZASouih Alries) JP(Japan)} “hamical analvsis pexr ASTM ATS1/08
FEF»T M ¢ % CR % o % MIT % MO % N % NI % P % 5 % i

J=7a7 vSs .0212  18.1295 .3005 1.7758 .2485 .0709 §.0445 .0310 .0010

- .
.2460
' J

MECHANICAL PROPERTIES

i 4
4 o i UTS .2% ¥YS BLONG Hard R of a
| product Ip # coil # ... ot .o .. i

DD4ii8 C3BTN7 G T 91.78 54.57 52.91 90.00 67.50C : Aﬁibséﬁi?vﬁfe
MWTR-65234 Heml ALRO STEEL/METAL

PR mimm |t ||

QA APPROVAL[ 2| BT © By I
J i

, _ - 75 r?m

.4 T
g
7 TECHMNOLOGIES

Ja7% b Gt Thpse

0 e s s . - LY o hnjca
w2t Hhe znalysis oa this certification is correct. Based upon the resulls and the accuracy Technical _{___f“_f::—- s
i ks = 2 5 Dapt. MNgr. "%— /é_: —

=

MAS hersoy el
of the tost mathods usue, the neterial meets the specifications stated. These results relate only to the items |
fested and this repori cannof be repraduced, except in its entirety, without the written approval of NAS. ERIC HESS 12/711/2012) |
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FORM U-2A MANUFACTURER’S PARTIAL DATA REPORT (ALTERNATIVE FORM)
A Part of a Pressure Vessel Fabricated by One Manufacturer for Another Manufacturer
As Required by the Provisions of the ASME Boiler and Pressure Vessel Code Rules, Section VI, Division 1
1. Manufactured and certified by PHPK Technologies, 2111 Builders Place, Columbus, Ohio, 43204
{Name and address of Manufacturer)
2. Manufactured for Yale University, PO Box 208228, New Haven, Connecticut, 06520
(Name and address of Purchaser)
: ; ; Fermi National Accelerator Laboratory, Wilson and Kirk Rd, WH10W Rm 1057, Batavia, Illlinois, 60510
3. Location of installation m T
ame and adaoress

4. Type Bolted Cover Plate 4866 N/IA
{Description of vessel part (shell, two-piece head, tube bundle)] (Manufacturer's serial number) {CRN)
66 12-4007-6532 PHPK Technologies 2013
(National Board number) {Drawing Number) (Drawing prepared by) (Year bullt)
5. ASME Code, Section VI, Div. 1 2010/ 2011 N/A N/A
[Edition and Addenda (date)] {Code Case number) (Special Service per UG-120{d))
6. Shell: (a) Number of course(s) N/A (b) Overall length 0"
Course(s) Material Thickness Long. Joint (Cat. A) Circum. Joint (Cat. A, B, & C) Heat Treatment
No. Diameter Length Spec./Grade or Type Nom. Corr. Type | Full, Spot, None| Eff. | Type| Full, Spot, None [ EF. | Temp. Time
NIA N/A N/A N/A NIA N/A NIA N/A | N/A N/A N/A N/A N/A
7. Heads: (a) N/A (b) N/A
(Material spec. number, grade or type) (H.1. - ime and temp.) {Material spec. number, grade or type) (H.1. - ime and temp.)
Location (Top, Thickness Radius Elliptical |Conical Apex{ Hemispherical Flat  |Side to Pressure Category A
Bottom, Ends) Min. Corr. Crown Knuckle Ratio Angle Radius Diameter [Convex| Concave Type | Full, Spot, None | Eff.
(a) MIDDLE il 0 N/A N/A N/A NIA NIA 11.25 N/A NIA N/A
If removable, bolts used (describe other fastening) NIA
(Material spec. number, grade, size, number)
8. MAWP 45 psi 15 psi at max. temp, 100 °F 100 °F Min. design metal temp. -320 °F at 45 psi
{Internal) (External) (Internal) (External)
9. Impact test N/A at test temperature of NIA
(Indicate yes or no and the compenent(s) impact tested)

10. Hydro., pneu., or comb. test pressure Pneu. at 50 psi Proof test N/A
1. Nozzles, inspection, and safety valve openings:

Purpose (Inlet, Qutlet, Diameter or Material Nozzle Thickness | Reinforcement Attachment Details ;

3 1 b : L Insp. .
Drain, efc.) Ha Size Type Nozzle Flange Nom. | Corr. Material Nozzle Flange soafin (Jnsp. Open,)
Wire Feedthrough 2 1.38 CF SA213 304 SA479 304 19 0 UW-16.1{k)| App 2 Fig 2-4(5)

12. Identification of parts(s)

Name of Part Quantity [Line No|  Mif's. Identification No. Mir's. Drawing No. CRN S
13. Supports: ~ Skirt N/A Lugs NJ/A Legs N/A Other N/A Attached N/A
14. Remarks {Yes ar no) (Number) (Number) (Describe) (Where and how)
Partials information entered above

N/3

CERTIFICATE OF SHOP/FIELD COMPLIANCE
We certify that the statements made in this report are correct and that all details of material, construction, and workmanship of this pressure vessel part conform to the ASME BOILER

AND PRESSURE VESSEL CODE for Pressure Vessels, Section VIl Division 1. U Certificate of Authorization No, 35253 Expires ‘ Auqust 17, 2014
Date  03/29/2013 Name PHPK Technologies Signed W . @mw\./
(Manufacturer) “ 7 (Representative)

CERTIFICATE OF SHOP/FIELD INSPECTION
I, the undersigned, holding a valid commission issued by The National Board of Boiler and Pressure Vessel Inspectors and/or the State or Province of gy OH
and employed by HSB CT of Hartford, CT have inspected the pressure vessel part described in this Mmmm

March 29, 2013 , and state that, to the best of my knowledge and befief, the Manufacturer has constructed this pressure vessel part in accordance with ASME BOILER
AND PRESSURE VESSEL CODE, Section VI, Division 1. By signing this certificate neither the Inspector nor his/er employer makes any warranty, expressed or implied,
conceming the pressure vessel part described in this Manufacturer's Data Report. Furthermore, neither the Inspector nor his/her employer shall be liable in any manner for any
personal injury or property damage or a loss of any king arising from orgonnected with jhis inspection.

Date _ 03/29/2013 Signed

Commissions 13582A, KY837, OH874
[Nationall Board (incl. endorsements), State, Province and number]

uthorized Inspector)

PKEY 1722779 exe: v6.1.58 s




Section VI

Certified Material Test Reports

e Pipe & Tube
e Plate
e Weld Wire

v3.10.15 137/156



Pipe

Tube



WD WINNER STAINLESS STEEIL, TUBE CO.,LTD

ORTGINAL

Cuslomer: MERIT B

Order No.: P257595

RASS

ADDARESS: IR0 NDUSTRIAL PARK KIAODU VILLAGE, HUASAN
TOWNHTUADU DlSTﬂ}L‘TGUM-G?HOU PRC
TEL: ilG-!D—!&!”lftl

FAX: 486-20-8¢241244

MILL TEST CERTIFICATE (issued Aco. to 3.14/EN 10204:2005)

Issued Dale:2006/12/20

Certificate No.:MB-F629

Articlo:Stainloss steel welded Pipa

Specificalion: ASTMA312-04b/ASME  SAD 12.090

ltem No. i s | berw Annealzd Ha'd Tima Hydrostatis | .
o N ize - Lenglh | QtyPes | Ml Welght Typa Strip lindsh HaatNo. Tempersturo (*F) (minuta) Ceoling Svirfar.e Finlsh Tesh (psi) ET
B34 P5076 sxscH4os | a0 4 070.07 |[TP304R0IL | HR | Tu.Yu23cess 1026 17 Vialerquench | ploved 1300 | good
874 P5098 | 6°<SCH40S | =20 4 67007 | TRPIMABML | HR | Tu-vu230058 1025 17 Welerquanch | poted 1300 | goed |
| 887 | Pso3s | 6xsCM40s 20 4 67907 [1P30andL | HR | TUvU230958 1925 17 |Walerquench|  pcked 1300 | good
| 89# [ Psosn | 6=SCHJ0S 20 | 2 339.64 | TPIDAA0L HR | TU-YUZ239953 1925 17 Waterquench|  plcled 1300 | gaod
-~ Chemlcal Composition (%) Machanical  Test
G Mn o ] 8i Hi Cr Mo T 5. (Ksl) Y. S.(Ksi) Elongation(4) Flaltanlng Hardnass
MIN | ” 8.00 18.00 —
) X X a=H HRB
=75 230 235
MAX 0.035 2.00 0.045 0.030 1.00 13.00 20.00 — good i
[T 0.028 1.40 0.032 0.006 0,46 8.13 18.28 -— 83 45 51 58.5 B4
87 | 0.023 1.40 0.032 0.000 0.46 8.13 10.28 —= 83 16 51 £8.5 84
agy 0.028 140 | o032 0.008 0.46 8.13 1828 = 83 45 51 565 84
394 | wozs 1.40 0.032 0.006 0.40 8.13 18.28 — 83 45 51 £8.6 a4
—] i

Remarks:

V. Corrosion Jest: as ;urAbn.LA
2. Dimsrsions & Vaual :g¢od
3. Malerals ara freo from m«.arury canlamination,

262, Practica E ‘accaptad

Wo. Winner S2a'2'ess Steal Tubs Co, L4, hatol
eteordance with the standards and :pznﬁcst

Ly carfy thet the products descrbed herela hava been manulactured in
ons specifisd a3 above and meol lhe re.luunm_‘mcpwi 1do

ece wwf;/%e»

Pagec:18/21

po

Q. C. Manager/Work I(

66976

07-0-00¥

ﬁ FERGUSON'
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b i MILL|TEST REPORT
S— RM ID NUMBER
1 li{())i..':lli‘j'u.mis-iES SALES, NG, 118583
ey sy '/ | USTJUPORTS 4 PPLY ) SALES ORDER / RLS
BRISTOL METALS, LLC -‘-“’51!;.{!//1 faldlng <, 007597 / 4
| Q76 35 ] CERT IQ / REV
SOLD TO HOBRRISANES N0, CCGCZ?L/B N
. .‘"'I' : 1‘{_”(\—-‘
ROBERT JAMES SALES VOUmOk_._purn’e 5/
2585 WALDEN AVENUE EMNOL .
BUFFALO, NY 142257999 T p——
USA MANKND,
CUSTOMER P.O. CUSTOMER PART # HEAT ND.
AK0069 950128

DESCRIPTION:314001003120100
14" WELDED PIPE SCHED 108 TP304/TP304L (UNS# $30400/530403) A312

CERTIFIGATION REQUIREMENTS

ENGINEERING
. | ASTM A312-11 ASME SA312-10, 11a ADD.
HYDRO PRESSURE
400 PSI
HEAT TREAT :
Annealed at1900 Deg F. and water quenched to below 800 Dag. F. in less than 3 minutes.
Chemical
c Cr Mn Ni N P 8i 8
.013 18.4 1.61 8.1 .07 .031 .42 .012
i Meghanical
IEST UNITS * RESULTS
Tensile PS| Ps] 90500
Yield PSI PSI 46000
Elong % 56
ﬂgmna§s
RB86
TEST RESULT
TG Bend Pass
Corrosion
TEST RESULT
A262 "E" No result

This report shall not be altered or repreduced, except in full, without the prior wriltan approval of Bristo] Metals LLC.
This test report represents the aclual allributes of the items furnished and all ilems were manufaclured, sampled, Inspected, and tesled
in full compliance wilh applicable s acifications and your 1pl.u'chase order.

Certificalion Is in accordanca with N10204:2004 type 3.1.

Chemical content Is % by waight. Machanical test resulls are In English unils (inches and pounds).
No weld repairs have baan performad on the base matarial, . X
Hardness in accordance with NACE MR0176 and MRO103 and material is free of cold work to anhance mechanical propertias.
Pipe is Pickled and Passivaled in accordance with ASTM A380.

Bristol Melals has a Quality Management Syslem in placa that is in compliance with 1SO 9001:2008.
Bristol Matals does not add mercury dunngqany manufacluring process.

NAFTA counlry of orgin: USA. PipefTube anufactured in the USA.,

Raw Material Malt Source USA

FAR BAA - Complies, DFARS BAA - Complies, FAR TAA - Complies

POISO# |/ 763s~ ,,,7
B DWGH |d 7-0J-nogt PHPIC @ A ﬁ
i ITEMi} F / TECHMNOLOGIES M /
‘ |DATE [-ga L QAAPPROVAL | A Rick Duncin - Quatly Assurance Mor
arg76 st s‘&” FRe L7 T Loty g/ Page 1 Dale Printed 05/01/2012

¢ Quter Head We Bmeck .

TFem L on 12-HeoT-6521 v3.10.15 140/156




MATERIAL TEST REPORT Page 1 of 1

Sold To: 3300580 Ship To: 3300680

SOUTHWEST STAINLESS / FAIRFIELD SOUTHWEST STAINLESS / FAIRFIELD
SUITE B 2001 DDC WAY SUITE B 2001 DDC WAY

FAIRFIELD OH 45014 US FAIRFIELD OH 45014 US

Purchase Order: 625018

Sales Order: 1067569
Materlal: M003062508600 A269 A/SA 249 T304L 06260D 065
Dellvery: 80168072

Dascription: ASTM A269-04, ASTM ABB4-03, ASTM/ASME A/SA 249-04A
WELDED STNLS TUBING,TP304/TP304L DUAL CERT. UNS $30400/30403

Test: NDT ELECTRIC TESTED TO ASTM A450 OR A1016 & APPLICABLE TEST METHOD E309 OR E426.
FLANGE TEST PASSED. FLARE TEST PASSED. ELATTENING TEST PASSED. REVERSE BEND TEST PASSED.

REVERSE FLATTENING TEST PASSED.

Heat Number: | OF64572 OFB4125
CARBON IdI 0.023 0.023°
MANGANESE | Idl 1.630 1.RNQ
PHOSPHORUS [dI 0.030 0.029
SULFUR Idl 0.002 0.002
SILICON Idl 0.400 0.380
NICKEL Idl 8.100 8.100
CHROMIUM IdI 18.200 18.400
MOLYBDENUM Idl 0.320 0.210
COPPER Idi 0.470 0.380
ALUMINUM Idi

NITROGEN Idl 0.038 0.065
Ultimate  (PSI ) 89,600 / 90,100 90,000 /90,000
Yield (PSI ) 46,400 [ 49,200 43,600 /43,600
Elongatlon (%) 60/ 61 66/ 65
Hardness (RB ) 84/ 84 82/ 82

Woe heroby certlfy that the above flgures ara correct us contalned In the records of |
the company and that each batch has been manufactured, sampled, tosted and Inspocted |
in accordance with the applicable specificatlon stated above. This Document conforms to the |
requiremants of Spaclfication EN 10204 Inspectlon Document Type 3.1, |
Wobco doss not use morcury In testing or production of Its stalnloss stesl products, | Date: 05/27/2008
According to our records and to the bost of Wobco's knowledge, understanding and |
hollef, thls product was not contaminated durlng manufacture In our faclitlas. |

I

This document was prepared by means of aloctronlo processing and ls velld without slgnature.

Mike Allen
Quality Inspection Manager

POISO# | /1708
DWGH pHPic/
\ ) ITEM#_ TECHNOLOGIES
DAIE__| 6-1o 7L GAAPPROVALI
DESC. |7yl S0 ¥ Jo~ doy/3eue t
F 4

LDTD(.QCEDQ‘LD?\B L O 700 - 10 —0;/" ool v3.10.15 141/156
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RathGibson Janesville LLC

2505 FOSTER AVENUE

JANESVILLE, WISCONSIN 53547-038% US.A.
PHONE 6508-754-2222, FAX 6508-754-0889

CERTIFIED REPORTS OF TESTS

per EN 10204:3.1

Page 1 of 1

Rath

Motified Boay TUV Rieinlana NA, ISO 5007 2008 Cart. Ne. 74 100 2835 (DAR), 74 300 2025 [ANAG]L
PED 0% 202 USA/Q-0Z 0697. AD-WS 01 202 USA/A-00 8473

CUSTOMER ORDER & C249394/1 SOLD TS TWMETALS INC. SHIP TO TW METALS - CAROL STREAM
PURCHASE ORDER & M48270193 P OBOXB4s 235 TUBEWAY CRIVE
CERTIFICATION DATE 1/230/2092 7:55°52AM EXTON, PA 19241-0644 CARQOL STREAM. L sD18B8
SHIP VIA CUST PAUICOLLECT
DESCRIPTION +1.500" X D.120° AVG TP304/TP3I0LL ASME/ASTM SA249/A249/A265(A554 ITEM NUMBER JT1500108530402200020
PROOUCT TYPE WELDED TUBE, BEAD REDUCED. BRIGHT SOLUTION ANNEALED QUANTITY 3.00C FT
HEAT TREATMENT 1500F {1040C) MIN, QUENCHED IN INERT GAS ATM NUMBER CF PIECES 150
REVISICN DATE " ASME SAZ45-E1C, ASTM A249-10a, A268-10, A5S<-10 MELT ORIGIN UsSA
COMMENTS Matenal ic FAR BAA, DFARS BAA, FAR TAA compliant. MELT PRACTICE EAM/ACD
MADE IN USA

CHEMICAL ANALYSIS (WTY)
Hoat& c Bin P S Si Cr Ni Mo Cu Co N

POSITIVE MATERIAL ID

v 93seas 0.014~ 1.5¢~ 0033~ 0.00S0 D33 182 B0 064 Q<45 - 033  0.07 OK (ASTM £1476}
HMECHANICAL TEST(S)
YIELD STRENGTH (0.2% OFFSET) TENSILE STRENGTH ELONGATION {% IN 27) HARDNESS
54300 PSI (379 MPA) 52000 PSI (534 MPA), 56 HRB 86 __
53900 PSI (372 MPA) 91000 PSI (627 MPA) 56 HRB 86
FLANGE TEST - PASS REVERSE BEND - PASS REVERSE FLATTENING - PASS DIMENSIONS - PASS TWE METALS
FLATTENING TEST - PASS FLARE TEST - PASS EDDY CURRENT - PASS A B
ADDITIONAL TEST(S) T E
Nk = =]
=
SJAN—= 12012 C
T ~ B
/s
ATTEST:

RatnCitacn Janesvile LAC does not use mereury. Iead, Tullur oF My +pe

RamGibzon's stainlezs Zieel Wuibing MEnURaCIUNng proceas dees Aot use any af the produclz tameted in tha U5, Clean A Act of 1000, ned lanl wah Lhe

We nereby lezuly thal Me motzaal dosenbed Rerein has been manulaciured. inspectad, and tastad to be in sccomanco wih (he applca
hcati diracieo 1o tha propami (sar detow).

Technical Cervicza Group. All other

Fot purpones of deles '] wiih e

Cert ID: 282958-2012-1-20
MTR3-01 Rev. 7 Rev, Date 06/11/2010

A

Michael Azton. Quality Assurance Manager, CQE, MR

cial matad skoy which is kquid s smbsent ternparature In I praguct or faclily. ' nere ao no known detrimantal malsnals in e line mareng ink. Wald repali wat aot used 1o manutaciucs thee prodac
D ity ReHE Direclive 2002/85EC.
bie speclicanon:. a3 slated i the *ORDER DATA" porticn of taes report. Technical lnquitna regaring Mis torm shouks be dirscled 1o the

ahall be muAded 5 BECORIINZE wih (D 10WNGING-Otf Melhed bT ASTM praclies € 20 a3 noted in soction 6.2.4.

?.a%.y Ar uasw-

Peggy Trueadilledn, MILL CERTIFICATION

COBIGACE Meste mory - This consigniment wes fwmed owr B Cavier B feot clash  GandMon
pemg Comecly lomeed, & whCh e et mEpenalbiTy e imas or wamege R shipment Cemsed
bor pemil Drotection wwss faamiar shipmeni an 0 s

Dapariment
B sny shomage o damege b

N — by

A N

MIDS - Matadd Jafety Dabs Dhests for ihe preduci has hesn suppied b0 poul Pughsaing | SHALL HOT ACPROOUCT « Yhis cedfMons of 100 reesis hall mel br repnaliced sse

com. CAUTEONT || lwil wrihout wapmas wellfen spproval ol RathClises fanevwibe LLE.

Procrising Tt resuRs in tumes, Gubi, af SouMOns My Cedss leng dhassr. Gew Msterial Catvr,
nigaleg. Dwte Craety bov Adaitionsl o muslion

Temn Z on \2-HOT 529

Owlon ‘*L:ZZ\Q\

) 02 Wl

_ - POISO# |/} &575. ,7\
O700-24 -8 "% S owas 1 . PHPK
TEMS [romsioces
DATE f~9-4~ ¢ |QAAPPREVALTY)Zt
(DESC. | 7ofs V¥ Ya 283 3000 1B o
F



BRISTOL METALS L.p.
BRISTOL TYy. U.5.A.
N MILL TEST REPORT

TO: PRUDENTIAL STAINLESS CUST No: 557512
130 EBsskx AVENUE E. ORDER NoO: 16602
PO NO: gg47
AVENEL, NJ 07001 DATE: 07/27/2005

HEAT NO. . 820386 " OD WELDED TUBE 120" WALL TP304/TP304L ASTH A249-045/

RM ID: Aoggap A269-02a/ASME SA249-01, 03 app.
CARBON .018 CHROMTUM 18.22
MANGANESE 1.45 NICKEL 8.10
NITROGEN .07 PHOSPHORYS .03
SILICON .41 SULFUR .010
ELOEG % 60 HARD RB 84
TENSILE 20000 YIELD 41900
FLANGE oK ) FLARE OK
FLATTENING OK REVERSE BEND o
REVERSE FLATTENTNG OK TENSION CK

HYDRO PRESSURE 650 PST

Annealed at 13qg Deg. F. ang water
quenched to below 800 Deg. F. in
less than 3 minutes

Bristol Metals hag a Quality Management System that ig ip
compliance with IS0 9001:2000

Hardness in accordance with NACE MR0O175 and MR0103 and material is free of cold
work to enhance mechanical Properties,
Bristel Metals does not adg Mercury during any Mmanufacturing Process.
Chemical content ig g by weight.
Mechanical test results gre in English unitg (inches ang pounda) ,
Certification ig in accordance with EN10204:2004 type 3.1
We certify thig Teport to be trye and accurate, according to our records on file
No weld repairs have been performed on the base material,
Raw materiaz country of origin melt Jource is pga
Bristol etals L;fh H

- 7
MIBR AQAM,‘_( el 2.
Represent ive

0700-76ﬂ0f.ao/f o R |
i *m; T e
ny

%%[SEND]
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Customer Name

Customer PO#

Kendall Holdings/PHPK Technologie 0119220

JAARSHFIELD, }
{30¢C) 620-2204

PRODUCT

Shipper No Heat Number

47968 BBX3

CERTIFIED MATERIAL REPORT

Heatd BGX3

CERTIFIED DATE: 342002012

po. = Mudaoizozs

Pan Dascription
Primary Spociifcation
Grado

Other Spegificatlons

CHEMICAL COMPOSITION

TUBE AZA9/SA249 304L § 0D .120
ASTM A269 10
TPICHTRI04L
ASME SAZA9 0t
NACE MRO 175

ASTM A245 104

NACE MRO G2

TSR TIoe i e

Catbant it
Chremitim 18.2400
Copper A100
Menganese 1.7800
Molybdenus ckies]
tifeked R.0400
Niregen 0goo
Phosphorus 0340
Sificen L3380
Shlfer 0170
MECHANICAL PROPERTIES
Ekngalon 2N 51.0
Hardrass Ag a3
Tensie * pPSi $3120
Yield Psi §ig30
MANUFACYURER STEPS
Aapsal Te, 4 atuto F 1500
Bond f Rovisse Dend Tast Pass
Ceaosion Thst A282 Praclice € Pass
Dimensiana  Visusl Pass
Eddy Currept - Weld - E428 Pass
Eddy Cuareft - Ful Sody - 426 Pass
Etthing Test - Wald Pass
Flzrge Tas Pass
Flatar'ng } Rav Flananng Tast Pass
Pleking f Prsshﬁavm ASTM AIZD ‘os
COMMENTS
Covniry of mek Is UNITED STATES CF AMERICA
Menufaciupd 'n LISA

TRICHTPICL Dual Cent, Welded
¥ oiker Grothers doas niot use inatewy In Lhe produclion ner tho tosting of its produdts

CERTIFICATION

11 s coyuesd thal all igures are coslect a5 conlalped Iy tha iecords of tha cempany.
Wa ceriify {ha) tteso products conlorm to spacfications Ssied sbova,

150 8001 Cest¥ied

PEDIU2ZYEC Annax 1, Para 4.3, ENZ64-5

OIN S0O49 376N 10204 3

FAR BAA Compiles

OFARS BAA Complas

FAR TAA Conplias

NSFIANSES! Certifiod by WQA

Scott Martinek
Quailty I:anagef

1220 -9

PHPK - ]
10700 -G08 -0l / Techniorocies
] 2e2s- QAAPPROVAL | !j%

- TUBE &"0b, 20" whAlL

L

|
|
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fas)n.

NORTH AMERICAN sﬂmg
Cortificate: 25334 ° 1 Foz

Customer: 000305, p33  $F4° *O2T IovAL moap

Your Ordor: 153655

c

4 3
‘ NORTH AMERICAN STAINLESS
METALLURGICAL TEST REPORT ' 0 HIGEWAY 42 EAST
ll : GHENT, R}f 41045
PEOENTI METALS CTMPANY ;1 m;":mm P Date: 5/18/2007 Page= g -
i 4645 PORT ROYAL RORD _— _
SFRING EXIL, =W 3717¢ . OFRING WIIL, TH 37174 u @ '
1 - rinial
§ : 4 S {/ol? & . L
TS order: IN 0024058 02 5@ Corrosicm: AT RJ62/02mE;100Dend~0R
= : « REMARKS : e '
2D PICELED, ; Mat’l free of Hy contam. Mo weld mepairs. ReES-Compliant.

ETAINIZSS STEEL COIL, ECOT ROLLED

ASTMAZ40/06b, 480/06h, 666,03,

Q08766D-2 X NG FERM, AMSSS13E X M,

~AD5,480/04-205,8R666/04, =N 10204 3.1 PED 97/23/TC Anpexl, Para. ¢.3 QRB8763F Cond A

50592, AMD3, X CRWOT MEAS t MACE MRO 175, NACE MRO 103, =N 10204 3.1.B

Chem only for following: ASTM A276/A313/a479, AsvE s?azzzsmvs ¢ * Melted & Manufactured in Ehe TS
- r - f

¥ L { : -
/ A i . T .

e J %

{product za Coil & Thic 7 A—— Length--v=-- Mark Pieces Commedity code )
052DV7 B . O52DV7 B -1821 48.0000 17,400 coIn . 4 e & - -

-

CEEMICAL ANALYSTIS

Ci(Country of Met) ES(Sgain) US(United Sthies) ZA{South Afriea)

Lﬂdz

DWG 07-2032-6501. Item 10

e  © - cm CU ., Mm Mo 5 J mr _ p s sz
2oV US  .055"18.518 / .33z 1.781 /.Jan ¢ .047 /\‘sa.ztu’ .023 7 .00l -~ .286
' ’ ]
<
; |
e J !
MECEANICAL PROPERTIES ] {
[ 14 TS -2% Y5 ELONG Hazd Tail
Product Id¥  Coll § o i REI ®Sx I %-2% EB\ Eaxd oo
c x
0520v7 B 052IN7 B F T 92.11 "47.8% 7 s51.61’ B6.50 88.00

;gﬁ 11-39-07

FHPK

S7hC

N s : g 5 ; ‘
NAS hereby certifles that the analysis on this certification Is correct and the g 0
materlal meets the specifications stated, N - G5 SRt £ 3/872007

| ‘ ERI}C HESS ]
i ; E

7

Oma\:\,@\ FIW(\Q{‘C\TS-(G:Q‘ SNQO

OT-2022-4501 s {evizade




1

$0# 271262 SO LINE# 1 i "
Customer PO # 073353 Pc. Count 2
Tag # Job #

#*mm..m*%b_:?:%v:

o SERTITICATION, .ok
B’ 1% CarL

Outokumpu Stainleza Coil, Ine.
426 North Mertingete Road

Suite 2000
$cheumburg, IL60T73-221
a1 o4 [ Bodl o
.. IRC,
Beanch #9106 H#* 451571002, Fux(647)617.2950
P. 0, BOX 571300 4{800) b45-201
TULSA - OK 74157 WAV OUTE kumpi com/stainle sa/nad
HEAT 451657-002 ORDER 0606586/001 SON 1267438 BO0ODDDOD TAG 0028474 w...om\_am
e L L L i B R . EQ.C.H OWUE ” U’Hm R e e
30302 0/00/00  CUBTH HETALSD] CUST TACH
e e e N RS, mmE— e mE,, - ITEN DESCRIPZION D e Py ey e
GRADE 304L/304
Sive 3041 HRAP .1B75 X 72 X colL Country of Melt ; SHE
Ship Conditien A Country of HEg. : SHE
Total Bundlex 1  Total Wedght, 23501
ASTH A262-08 BRAC B Eammﬁhmms.mmmw-&,mmm_.wmm..:.----.-..
ASHE 5A480-00, om ADDENDA ANS 5511G EXCEPT LINE MARK
AHS 5B13C EXCEPY LINE MARK HIL-5-4043B EX Mo, CU=.95 HAX
HIL-8-5059D WITH EXCEPTIONS wm:mrqmmc ANEND If1 EX.P4,5.2
ASTH A240-00 TH A480-93R -
ASTH A666-00
T N P RN NN L E M-y zmnanﬂ.nrn & OTHER TESTS L e
Test Condition A
Hardness as tasted HB 167
Hardnase ag tested HB 163
Tehsile nnuosmnr I mzmuv. 90,0 M amww
Hicro KA Yleld strength X$I (HPa) 45.0 | 310
Intergranular corrosion OK Elongation ¥ In 4D 50.0
Haexo OK Requction of area j 0
' LTt sanee s CHENTCAL CONPOSITION wwweccomeacantoneunemeeauee
Carbon c 021 Hanganese kn) 1,650
Phosphorus (P .028 Sulphur - (3§ 001
, Silicon 51 1320 Chroniun Cr) 18,220
} Hickel Hi B.280 Caobalt Co 1180
| Copper Cu 360 Holy to 400
! Nitrogen N- ,070
Iron Fe) Balance

Helt Practice
Refining Practice

He hereby nounnnm that the material herein has been na

accordance with

tests are accaptable.

Free of Known nercury contanination

Qua

de and tested in

wo listed specification(s) and that the results of all

1ity Manager

Authorired Signatura Chuck Turack

C7-2052 ~tosei 175 | £S5

P Joporr Lok

wo 932
D30 X 3 OOFL
b 2o ¥ 2y DFA
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£ASH NORTH AMERICAK METALLURGICAL TEST REPORT %@&2?*—?"5?&%522%

STAINLESS (502) 347-6000
rEif] . Mail To: i ~ T Spip To: == : = e ® - =
Certificate: 767563 07 oy e - ALBO XETALS SERVICE Dete: 9/07/2012 Page: - 1
ALRO GROUP CUSTOMER PICXUR
Custemex: 0570 014 .0. BOX 927 $859 ALRO PARK DRIVE Steel: 304
JACKSON, MI 49204-0927 POTTERVILLE, MI 48876 .
Finisgh: ERAP
Your Order: 8549519 NAS Ozdex: AN 0534058 01 Corrosicn: ASTM A262/02aE;180pe=d-0K
PRODUCT DESCRIPTION: REMAREKS = ‘
STAINLESS STEEL CONT.MILL BPLATE, IR0®; THZ 30400 Mat’l iz Free of Mozcu-w Ceorzimminstion. Mo welld ropaizz.
ASTM 2240/11b,2480/11b,A666/10;ASME Sa240/11=,Sa480/11a, SACSE /11 EN 10204:2004 2.1; RoES Compliant
CHEM ONLY ON FOLLOWING ASTM: A276/10,A475/11,2484/12,8312/11 Muterial ic Froe of Radiocactive Coatenicatism
CHEM ONLY ON FOLLOWING ASME: SA312/11,S3479/11 MBS Steel Mowing Prosozz: ELT, ASH, & Tont. Casting
AMS55137 XOME; MIL-S-5059D AMFED3 (X CROWN MERS) Tooduet Mfo.oy & Quality Mot.STs. in Co=f. 3
WACE MSO1TS/TSO 15156-2:2002 3, MROIGZ/07;00S766T-2 X MRS RPESY "ocited & stamulucturzed in thr ISR KoLl lo DTARS Cosgplioal
wTN. ZOLOTION ASNERT TEM? 10T0T, WAMER OUPTICERR
r product ID ¥ Coil # m=iskness width Woight — —=-===-- Leangth-—————— Mari »iacoz ZDP % _E
{ DC4A0S6 = Q1D7M2Z D .2500 45.0000 4,835  SHEET $3.000 11 15 18535BCT j
CHEMICAL ANALYSIS CM{Country of Mleit)  ES(Spaln) US(Unied States) ZASoutn Aivies) JP(Japas) Thsmicul. zanliwis per ASTM ATILUST
{ =zar e Cc % CR % Co % M % MO % N % NI % 2 % S % l
"i' D7M2 Us .0447 18.1010 L4790 1.6595 .4270 .0593 $.0255 .0335 .o010 E
S —————— R Y |
5 =r = |
e L B I e ————————————

! <2258 !\
e . N i RECEvED o —

Alro Pottervilis /

FERTIES : ;
i N L R A PO BRI 5 1. - SO
i . ) ; TV 7%
o & UTS .2% ¥S ZLONG  Haxa Tail /] ' 4
e m. B2 . BT war % Byl o B S - I
A9 OTES e ¢ f— /
T @2,0€ BALFT BULUES 35.E0  96.E£% DU SRLUAT | ——— e—e— s

i . - i
. POy 119 of / Yoo — ’ !
:E‘en‘\. [>5% tZ"L{oD"]—@gh{-_Q = : pom, 1T - y
1 [CWGE (7667~ &390, EBHEPK RTA@87955> :
Cutm Womle Pto HTEM# /recnotogies p =28 ]
- E 212 QAAPPROVALITSS | ° '@ t
CESC. |Pia76 pasc (.03"0ayw Yy TR SI7 Y . )
NAS hereby certifies that the analysis on this certification is correct. Based upon the resuits and the accuracy Tecknical __~=" . == -
of the test methods used, the material meets the specifications stated. These results relate only to the items Dept. Mgr. e
tested and this report cannot be reproduced, except in ifs entirety, without the written approval of MAS. ERIC HESS e/07/2012

o e O B S e T [ e e, ST et T < e e R s V‘?"’Jp@ﬂ}se



42 East AN

6870 Highwa
MAS ) NORTH AMERICAN METALLURGICAL TEST REPORT Ghen: 41045-9615
STAINLESS (502) 347-6000
Cexrtificate: 784211 04 mz.niz;r.s SERNTER Ship.:';;m e : Date: 11/05/2012 Page:s 1
Customer:0570 013 2.0. BOX 927 s prabinsias AVENUE Steals; 304
JRCKSON, MI 45204-0927 INDIANAPOLIS, IN 46203 5

Pinigh: 2B
Your Order: 86321459 NAS Order: AN 0540809 01 Corrosion: ASTM A262/02aF;1280Bead-OK
PRODUCT DESCRIPTION: REMARKS :

STNLESS STEEL SHEET, C.R., ANNEALED & PICKLED; UKS30400

ASTM A240/11b,A480/11b,A666/10;ASME SA240/11a,SAd80/11a, SA666/11a
CHNLY ON FOLLOWING ASTM: A276/10,A479/11,A484/11,A312/11
CHEM ONLY ON FOLLOWING ASME: SA312/11,SA47S/11

AMS S5130 XMRR; MIL-S-5059D AMEND3 (X CROWN MEAS)

NACE MRO175/ISO 15156-3:2003 A, MRO103/07;Q0QS766D-A X MAG DERM
MIN. SOLUTICON ANNEAL TEMP 19500F, WATER QUENCHED

Mat’l iz Free of Mezcury Contaminstion. No weld repairs. -
EN 10204:2004 3.1; RoHS Campliant

Material is Free of Radicactive Contamination

MAS Steel Making Process: EAF, AQOD, & Cont. Casting
Product Mfg.by a Qualitwy Mgt.Sys. in Conf. w/ISO 5001
*Melted & Manufactured in the USA; Mat‘l is DFARs Compliant

[ Product I #  coil # Thickness Width Weight

Pieces

Zop # }

DD0S07 * 03E3T5 D -1200 36.0000 4,560

.

42 14816540 J

CHEMICAL ANALYSIS

CM{Country of Melt) ES(Spaln) US(United States) ZA(South Africa) JP{Japan)

Chemicel snalvsis per ASTM A7S1/08

MECHANICAL PROPERTIES

HEAT ax cC % CR % CU % MN % MO % N % NI % P % S %
,V,’EB'J.'S TS 0452 18.33%90 4035 l.68420 3010 .0593 8.0015 .0310 .0010
ST % K ALRO STEEL/METAL
-3205

| iy J

f 1 2O/S .’197FV/:‘/U=‘7 =
_ o i1 UIS  .2% ¥YS ELONG Hard  Tail ALRO SHEE e ORP T = % =
Product ID # Coil # e = KESI ESI -2 RB Bard 0 AN &E #0 07 | rerunOl OGIES he g
INOTHRI =TT 4 __ e
DDO0S07 03E3TS D FT 95.92 50.21 51.54 88.00 B7.50 DATE 3227 QA APPROVAL BX
NOV @EsRECo 7502 [/ "o0_w /260
RECL®ED
SUBJECT 10 Lonesw migp
- y
NAS hereby certifies that the analysis on this certification is correct. Based upen the results and the accuracy Technical

of the test methods used, the material meets the specifications stated. These results relate only to the items
tested and this report cannot be reproduced, except in its entirety, without the written approval of NAS.

—_= =
ERIC EESS 110 o 12/156

Dept. Mgr.




TR

3
f -

RS b
N\

S AMERICLM

“mmz,::ss

METALLURGICAL TEST

6870 Hichway 42 East
Ghent, KY 41045-9615
(502) 2476000

Certificarte: 793415 02

Custoemer=0570 014

¥ell To:

ALRC METALS SERVICE CENTER
ALRC GROUP

2.0. BOX 927

JOCNSON, MI 4SZ0e=-0227

Sh:.p 'ro..
ALRO METALS SERVICE CENTER
CUSTOMER. PICKUP

5859 ALRC PARK DRIVE
POTTERVILLE, MI {8276

Date: 12/11/2012

of ""‘:i_.C:

Page: 13
304/304L
ZRae

= m— e S W

- vmm e
L ST,

#gT.Sys.

25 Comz.
Mat’l ic DFARs Compliarnt

JisToury Contemingtican. No weld sepair:s.
T LVEIURILZGGS Seiy SRS el

ctive ContaTd

iom
. Cagting

w/IS0 3001

[ Product o & Coil # Thiclk=ess Width Weight — ———————a Lengthe=—ee—= Maxrk Piecas EDP # B
E DDG1sS ® SEITEF € .3750 G0.TE2I 3,275  SEEET 235099 83 g 1essz2s j
SZENIZCEIS ANZELTIZTS Tii{Sountry of Ll US(United States) ZA[Scuth Afrlen) JP(Uopan) Chamical asalveis per ASTM AT51/08
— - - e P s — 3
d <RI c % CR % CU % M % Mo % N % NI % 2 % ‘
4 & o
-_i- ~E7N7 TS .0212  18.1295 -3005 1.7755 -2495 .0709 5.0445 .0310
L stx . .
.2460 !
.
MECHANICAL FROEPERTIES
' 1 a
o i1 TTS -2% ¥S ELONG Hard R of A
5 Product ID # Coil # = o .= KSI RST  %-2° RS % e
. T RECEIVED at I
DD41Z8 G2EZ7NT & PT 91,78 S54.57 52.91 50.00 67.50 I Alro Pottervifie
ALRO STEEL/METAL ’ DEC 2 2012
P‘%O‘JAJ_ TQSSE??8¢ | =¥ j
l L (S _[ & \CD'EZ J

s i
TAS ner "“"- &b

‘f J’n... est

Mo iy
w8 Gha

lysis o thic cerlificeiicn is correct. Basad upon the results and the accuracy
1Cds uscd, the inelzrizl meets the :.pm_ ‘ications staled. These results relate aaly to the items

lested E‘-Rd s report cannot be reproduced, except in its entirety, without the written approval of NAS.

Technical _'/,_.__sf___{_ __'_%- / .
g, ,é:)_:_,(__:_____—-

Dept. Mgr.

ERIC HESS

15}11/20 i2
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NCRTH AMERICAN STAINLESS

NAS METALLURGICAL TEST REPORT 6370 HIGHWAY 42 EAST
GHENT, KY 41045

6870 HIGHWAY 42 EAST — . _ .

e - Mm2l To: Ship To: —— - -
Gertificora:802AGY 2 oo Seests SERVIOS CERNER ALRO METALS SERVICE CENTER Pate: L/16/2013 wages 1

- ALRO GROUP CUOSTOMER PICKUP N
customaz: (00370 014 777 ox 527 5859 ALRO PARK DRIVE Steel: 304
JACKSON, MT 49204-0527 POTTERVILLE, MT 48876 e Ha

Your Oxdexr: 87443883 NAS Oxder: WN 0037420 01 Corrosion: ASTM A262/022E;130Scnd-Ox
S ROD = TP T : REMARKS : T b s

STAINLESS STEEL COIL,C.R. AMNEALED & PICKLED; UNS 30400
ASTM A240/11b,2480/11b,A666/10;ASME SA240/11a,SA480/11a,SA666/11a
CHEM ONLY ON FOLLOWING ASTM: A276/10,Ad479/11,A484/11,R312/11
CHEM ONLY ON FOLLOWING ASME: SA312/11,Sad75/11
AMS 55130 XMRK; MIL-S-5058D AMENDZ (X CROWN MEAS)
NACE MROL7S5/ISC 15156-3:2003 3, aROL03/07;QQS7E66D-A X MAGC PERM
MIN. SOLUTICN DNNEAYL, TEMP 1900F, WATER QUENCIIZD

Mat’l is Free of Mercurv

Contamination. No weld zopairs

EN 10204:2004 3.1; RoHS Compliant
Material is Free of Radicactive Contarizztion

NAS Steel Moking Procescs:

Product MEg.by 2 QJuality

*Melted & anuiactured in the USL; Mat'l i: DFAR: Comp.

Manufaccured Lo e USA; Mac 'l

“Malcad

EAF, ACD, & CToat. Castiag

¥gt.5¥s. inp ConZ. w/IS0 SCOoL

4

LE

Liane

TFLED Complilanc

ﬁzoduct Id Coil # Skid # Thickness Width ) Weight  ——w-—w- Lex-;gth —————— rk Pieces Ct::;bdi;y Code ‘ﬁ
gozzsw. BA 0223V4e B .1162  §0.0000 5,235 sSzETTS 144.00 TE 24817240 ;
(% — sl i P e e -
CHEMICAL ANALYSIES CMCountryofiel) ES(Spaln) US(United States) ZA(South Africa) JPapzn) Chemical Anelys’s per ASTM 2752/63
=%, oM C % CR % CT % ¥y % MO % N % NI % T % s e = j
Zave s .0567  18.2105 -4130 1.6725 .3235 . 0638 £.0670 .6320 .0010

ST % T o _H‘_E
? e T T o T “TW
!~ - et _ ;-:
{ e o o ALRC STEELMETAL 3

R o
KECHANI PROPERTIES llﬁuilmlﬂmumnﬂﬂ .-I?-!ll,il i
e s S . - - . A B
i 1 4 1-'-‘ "‘.
gErov:‘luct I3% Coil & o L TPS 2% ¥S ELONG Haré mail . RT@SE%QSQJ E
| s = ESIT =sx %-2° =z Hexd - - =
e - — -— —(Fosor LIZpr}Yeaz 1 _ = j
e porkd }228ve = 2.69 &i.r2 A3 G 88.5¢ I AN )
i 8 = K ° DWGE# i /e NOLOGIES 2,
i ITEM# — e
i DATE )\ 2~/ F17 [QAAPPROVAL] =
[DESC._ISHELET b=Z5< bwo" X /e 357 3%

NAS hereby certifies that the analysis on this certification is correct. Sased upon the reéults and the accusacy
of the fest methods used, the material meets the specifications stated. ‘These resuits relate only to the items
tested and this report cannot be reproduced, except in its entirety, without the written approval of NAS.

Technicai
Dept. Mgr.

ERIC HESS

1/16/2013
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MILL TEST REPORT TA CHEN INTERNATIONAL, INC.

This MTR contains 1 page (Page# 1

Customer: JACRAC PO#:5819 SO#:CCH782
Item:1.00060240304L#1 Bundle:2600791063 Heat#:2600791

MTR#:AECL1382195.G1

.

Aperam Inox América do Sul S.A.

Mexd Difico: Av. CEmRadal, i 1115, 23% Andar - Contio - Beko Hovizunle « B - 30130915 = Dresit

¥hnt Praga 17 de Moo, n° 9 - Canto - Tinlieo « MG~ 35180-014 - Grend

Branchat: Av, Meteodat Hare, n¥ §.4720 = Do Industisl - Camgpdans - S~ 13031750 - Dmd
flodrda RET A5, Km 2,2 - 021 « DigiAta Indoshiz) - Cadas do Sul- kS - 85110090 - Basit

aperam

Humbaer: 4382105
QUALITY GERTIEIGATE AR an Biesirved
Invales: 2544E12
Cusiomar: Ship to
ARCELORMITTAL-STAINLESS INTL USA, L T/ CHEN INTERNATIONAL INC
a8 FLORAL AVE 5055 OBISFO AVENUE
NEW PROVIDENCE N1 07974 LOMG BEACH, CA
EUA EUA
P.O.NR.: 789529 [ L3T0H-S
Staal grado: ASH 304L Finlsh: HR1- HOT ROLLED Praduet: PLATE
Dimansions: 25.40 nun x 1524 mm x 6098 mm - 1,000 10 % 60,00 in x 240}
Marks:
Chemical composition
Hoat ar- c Mn 81 P ] Gr Nt Mo Al Co Cu N
: % % % % Ya Ya % % o % o PPM
7 2600791 0,017 | 1,29 | 047G § 0,034 | 0,002 | 18,26 | 8,03 0.084 |0,0014] 0,150 {0,1914] 450
) Results B
U.M: 2600791063
Test/Variable Source:; | 260079106
H T H T H T H ¥ H T H T
Tanasile Strength Ksl 93,84
Yiald Stengih 0.2% KS! 48,15
Elongatlon 2™ % 53,00
Austenit Grain Skze 010G
Hardness RB HRB 87,90 87,90
Oxalic Test DUAL [} )
Net YWelght LB 8.2780
Gross Walght LB 84760
Heak & Lot identification (UM} . Ok
Surface gusiity / dimenslons: Ok
Heat treatment: Minimun Solution annes! lemp.1800 F )
Btandards ASMP SA4BH/SA4R0M 10 SAE AMS 55138 04 SAE AMS 55111103 07
DIN 50049 92 ASTM AZAUIAZ40M 1OB ASTH A4BOFA4BOM. 1B
ASME SAZ40/SA240M 10 DIN BN I0204-3.1 05 ANSINAC MROLTS (ISO) 09
NACE MRO103 03
Remarks: MADE IN BRAZIL// COUNTRY OF ORIGIN: "BRAZIL” M COUNTRY OF MANUFACTURE: "BRAZI

4 1 NO WELD REPAIRS //f DUAL CERTIFICATE AIST304/A151 3041 /// ASTM AZ62

PRACTICE E
a) Fraa from marcury contarninolion.

b} Matetlal ree of contaminaton frorn atioactivity. (Guannteo whila storad undar responslbifity of Aperam Inox Amédca o Sul S.A).

©) Gertify thal tha resulls above s corecland In acc with the spacificullons vr vceepled concassian.

d) Qualily managemont syslem ¢arlifiod acc 10 standard ISO 0001 - Corlificate ABS QE M”30071.

£} Quallty management system cortified acc lo slandaid ISOMTS 16949 - Cedificale ABS QE N® 38324,

1 Environmental managemant syslem cerlilled acc ta standard SO 14001 - Gerlilicelp ABS QE NF G5989.
g)Counlry of Meli: Brazll, Gounlry of manufactura: Braznl.

L

¥ 23
//f;LHI:(_'rLGGIES =

JACQUET NO.

~12364%

MWTR-0533 THem 1.

v3.10.15 153/156

¥os W uied G (140074528 Tl 2L (e %1850 )



MNAS) NORTH AMERICAN
STBINLESS

METALLURGICAL- TEST REPORT

s AL BTE
e e

6870 Hjﬁhm{’ 42 East I
Ghent, KY 41045-9615 ;
(502) 347-6000 i

e — s i, L3 .
Caztificate: 383578 01 m::,mu :;i:?w‘i;.mrs pete: 1/15/2008  Page: 2
RIRCETON = GLETDRLE . 944 PRINCETOU-GLINDALE RD.
Cuntonaxr: 2830 009 ey, o 45246 = Seaant, O 45148 ® drael: 04
yinigh: IB

Your Ordez:C24144 gAS Oxder: AN 0383356 01

Corpxonion: AITM A262/0Zak; l120Band~CX

PRODUCT DRICRIBTIONG:

STATNLXSS STERL COIL, COLD ROLLED, AMNEALID AMD PICKLED.
am:-tc/ov,(ao/osb,ess;‘uz,Mmtn/ot-ms,ﬂaim-ms.536&5/04
QQATEED-% XMADRM, AKESS1LE/S513E XMREAYN, MIL40433, D3 , XCREMEASEFH
ONS 830403 / UXS 830400

REMAREKS *

Mat‘l Pree of Marocury Contumination. Yo wold repaira.

Y 10204 3.1y QQE763F Ctond Ay RofS Compliant

w Mglted & Memufsctured in the UBA |

Min Aonosl Tewp 19507, Nater Quenchy AQD Kelt Practice 1

EM 10204 3.1.B/DIN 50043; RACE MRO175/2001 ¢
ROLLED ALLOYS QUALITY ASSURARES !

AFTROVED —
DATE O \32H O(\é

5 i

Product ID fl  Coll b Thickoess  Width  Welght  ---===-- Lengthe--~-=- Murk  Floces 1 |

L Q338R6 D & Q3JIERE D L0600 4£8.0000 6,970 corL 730.40 b 1 J i
CHEMICAL ANALYSIS Cl(Country of Malt) ES(Spaln) US(United Stxtas) ZA(South Africa) '

, HEAT g [} <0 CR U el HO b NI ? \
\,,:f, iEmé hefc] 0219 1663 18.4198 .4135 1.7031 .3487 -pBOl 8.2023 0331 F
‘.

|

o az ?

‘ 0017 3503 b
| E 5 ;
MECHANICAL PROPERTIES :
T a t
e 4 UTS .2% ¥8 ELONG Harxd Tail
Product ID 4 Codl # s ¢ EBI X6L %-2"  RB Enrd
033ERS D 03331{5 FT $3.97 58.30 41.65 §1.00 29,00

\

. |

aE e e !

i = ¢ MNAS horoby certifias that tha analysis on this certification Is e ’ '
%l on Is corroct and the i ST \
matertal mpeta the specifications stated. - D QC ENGINEER 2= 6/30/2008 ,
¢+ ERIC HESS I :

, PO \olz0
PN To-001-050
Nomeploze Bracko A

v3.10.15 154/156




Weld Wire



AN RN AT
§IESIRIvIVY ELLY

ROBINSON TECHNICAL SOUTHEAST, INC.
6205 Boat Rock Blvd.
ATLANTA, GA. 30336
404-699-9900
TOLL FREE 800-445-2152
FAX 404-699-7800

SPECIFICATION - AWS A5.9 CLASS: ER308L ACTUAL

SIZE: .045”X 36" 10 LB TUBES HEAT#:11 8442

CHEMICAL ANALYSIS

C 0.029 Mn 170
Si 0.59 S 0.011
P 0.027 Ni 9.17
Cr 19.70 Mo  0.16
Cu 023

WE CERTIFY THAT THESE CHEMICAL TEST RESULTS ARE CORRECT AND
CONFORM TO THE ABOVE AWS SPECIFICATIONS, AS CONTAINED IN THE
RECORDS OF THE COMPANY.

CERTIFIED BY: EDDIE JOHNSON

PQ/SO% {6y =
DOWGH | s 3op0C Erbr/
ITEM# /l._(ﬂn‘.C‘lO(ifES
géTE Jo /7L QAAPPROVAL [#TH
SC. L2llen ME7ae , s Y 7C e

v3.10.15 156/156
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