Amendment 1 to Eng. Note RSB 564

Tevatron Electron Lens 2 Solenoid (TEL?2)
B. Soyars
May 15, 2006

Introduction

This amendment adds technical detail to the TEL2 Engineering Note, in the
context of the operational vacuum leak of a similar unit (TEL1), discovered in March
2006. TELI experienced a He -to-insulating vacuum leak due to failure of double-walled
bellows on the bottom portion of the He supply and return bayonet connections.
Reference the commentary in Amendment 1 of the TELL Engineering Note RSB 536.
Similar 1ssues appear to exist for TEL2, since it has identical design to that the original
TELL. A similar bellows failure should be anticipated.

Visual Inspection

A borescope inspection was made on the TEL2 helium bayonets (female end). We
wished to confirm that the lower tube end was not unexpectedly protruding into the
bayonet sheath, where stinger insertion could then mechanically stress the double-walled
bellows. No stinger interference seen. The seat is relatively flush. There are some
discolored welds, similar to TEL 1. Subsequent stinger insertions were successful.

Pressure Rating for Double-walled single phase bellows
A pressure rating for the double-walled single phase bellows was not explicitly given in
the original Engineering Note. Therefore, provide a general, estimated pressure rating.

¢ During service in the Tevatron, maximum expected pressure is 180 psia during 1000
GeV quench. (TeV operated at 980 GeV).

e Actual Geometry: TEL drawing 128-01-01-04 indicates this is metric size 48-8-0.2 x 2
(1 7/8” x 8 conv x 0.008 wall x 2 ply). The approximate ID is 1.25”.

e Compare this to Flexonics hydraulically formed bellows: 1 ply SS 1.27” ID x
1.7570D x 0.008” . The listed recommended Maximum Internal Pressure is 250 psi.

e Compare this to Flexonics mechanically formed bellows: 2 ply SS 1.33" 1D x 1.78"
OD x 0.010 (total wall). Listed recommended Max Internal Pressure is 250 psi.

o A slightly smaller two-ply bellows: 1.11" ID x 1.56" OD x 0.009 (total wall).
Listed Max Internal Pressure 1s 360 psi.

¢ Aslightly larger two-ply bellows: 1.53 " ID x 2.03" OD x 0.01 (total wall).
Listed Max Internal Pressure 1s 210 psi.



e The Flexonics catalog definition of Maxium Internal Pressure is for a bellows with L
not exceeding OD (otherwise squirm likely becomes limiting factor). The TEL bellows
approximately matches this, L=OD. Something helping to reduce squirm tendencies in
the TEL case is the internal tube acting as internal guide.

e General conclusion is_pressure rating of about 250 psi. The given TEL bellows design
information 1s generally consistent with TEL MAWP of 260 psia.




PRESSURE VESSEL ENGINERING NOTE
PER CHAPTER 5031

Prepared by:_ Alex Martinez
Preparation date: 9/21/04

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

'This vessel conforms to Fermilab ES&H Manual
| Chapter 5031

'Vessel Title Tevatron Electron Lens 2 Solenoid

Vessel Number RSB 564 .~ Obtain from Safety

Officer Division/Section

| Vessel Drawing Number

Maximum Allowable Working Pressures (MAWP)
Internal Pressure 260 psia
External Pressure

Working Temperature Range -452 Op 70 O

|Contents_ Ligquid Helium

Designer/Manufacturer FNAL/IHEP (Institute

' for High Energy Physics, Protvino, Russia)

| Test Pressure (if tested at Fermi) Acceptance .~ Document per Chapter
Date: 5034 of the Fermilab
| ES&H Manual

PSI, Hydraulic Pneumatic

'Accepted as confor Q standard by

/ /m
of Division/Section Date:dgzllgzir Actual signature
required

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

- s

. . . PRy A
Reviewed by: ey itvey Ledfriz pate: IR

Director's signature (or designee) if the vessel is for manned areas but
doesn't conform to the requirements of the chapter.

Date:

Amendment No. : Reviewed by: Date:




Lab Property Number(s):

Lab Location Code:210 in Tevatron(tested at E4R) (obtain from safety

officer)

Purpose of Vessel(s):Solenoid is used for compensating for the beam-beam

parasitic effects in the Tevatron

Vessel Capacity/Size: 5.7 ft’ Diameter: 12.36 in. Length:101.97 in

Normal Operating Pressure (OP) 17 PSIG

MAWP-OP = 260 - 17 = 243 PSIA




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

Drawing # Location of Original
1128-01-00 thru 1128-01-02 THEP in Protvino, Russia

(copieg are attached)

2. Design Verification

Does the vessel(s) have a U stamp? Yes No_X . If "Yes",
fill out data below and skip page 3; if "No", fill out page 3 and
skip this page.

Staple photo of U stamp plate below.

Copy "U" label details to the side

Copy data here:




Provide ASME design calculations in an appendix.

circle all applicable sections of the ASME code per Section VIII, Division
(Only for non-coded vessels)
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3. System Venting Verification Provide the system schematic in the
Appendix.

Is it possible to isolate the relief valves by a valve from the

vessel?
Yes_ No_X
If "Yes", the system must conform to code rules. Provide an
explanation on the appended schematic. (An isolatable

vessel, not conforming to code rule is non-compliant under
this chapter.)

Is the relief cracking pressure set at or below the M.A.W.P.?
Yes X No Actual setting _30 PSIG
(A "No" response violates this chapter.)

Is the pressure drop of the relief system at maximum anticipated
flow such that vessel pressure never rises above the following?
(UG 125)
Yes_ X No 110% of MAWP (one relief)
116% of MAWP (multiple reliefs)
121% of MAWP (unexpected heat source)

Provide test or calculational proof in the Appendix.
(Non-conforming pressure rises is non-compliant under this
Chapter.)

List of reliefs and settings:

Manufacturer Model # Set Pressure Flow Rate Size
ENAL Kautzky 30 psiqg 1864 scfm air 0.688 in’
@ 150 psig dis. area
inlet
Anderson Greenwood 818F1216-G 240 psig 2097 scfm air 0.503 in’
Does the primary relief device follow UG-1297? Yes X No

(A "No" response is non-compliant under this chapter)

4. Operating Procedure

Is an operating procedure necessary for the safe operation of this

vessel?
Yes No_ X (If "Yes", it must be appended)
5. Welding Information

Has the vessel been fabricated in a non-code shop? Yes X

No
If "Yes", append a copy of the welding shop statement of
welder qualification (Procedure Qualification Record, POR)
which references the Welding Procedure Specification (WPS)
used to weld this vessel.

il



6. Exceptional, Existing, Used and Unmanned Area Vessels

Is this vessel or any part thereof in the above categories?

Yes No__ X
If "Yes", follow the Engineering Note requirements for
documentation and append to Note.
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This pressure vessel is part of the Beam-Beam Compensation Project. The project is intended to
compensate for the beam-beam parasitic effects in the Tevatron using a high current, low energy electron
beam. The system consists of a main superconducting solenoid and two conventional solenoids. The main
superconducting solenoid is the subject of this engineering note. Once completed the solenoid will be
tested at the E4R test refrigerator and then installed in it’s final location in the Tevatron at A10. In order to
provide cryogens to the solenoid, a new A10 bypass is being constructed to allow for the necessary
cryogenic connections to the solenoid at this location. The superconducting solenoid is designed to use
single phase helium flow from a typical Tevatron refrigerator as well as standard nitrogen flow for cooling
of the shield. The solenoid pressure vessel consists of an outer main shell, an inner main shell, two flat
heads and a side appendage for tapping of the cryogens and power connections, see drawing below.

0 .
uter Main Sheli~\ Inner Moin Shell

e

(o]

Side Shell ’
O | Side She Main Flat Head
O

.0 Side Fiagt Head

The outer main shell (which consists of four clam shell pieces), the flat heads, the side shell (two pieces)
and the flat head on the side shell are all made of 321 stainless steel. The inner shell is made of 304L
stainless steel. Table 1B of Section II, Part D of the ASME Code lists the maximum allowable stress value
for the 321 and 304L stainless steel used on this vessel as 20,000 psi. The certification reports for the
material used on this vessel are included in the appendix. The vessel was built at THEP (Institute for High
Energy Physics) in Protvino, Russia. Because the vessel was built in a non-Code shop without material
control and independent third party inspection, Fermilab requires that the maximum stress value be further
reduced by multiplying the stress value by 0.8. This is defined as the Fermilab “K” value. Also included in
the appendix are the Russian equivalent of the welder certification reports.

Calculations will be performed in the following manner: given the MAWP of the vessel, the
required material thicknesses will be determined using the appropriate ASME Code formulas. The
calculated minimum thicknesses will then be compared to the actual thicknesses. If the calculated required
thickness is less than or equal to the actual thickness, the component will be considered safe for use at the
desired MAWP.

The quantities defined below are used in the formulas in the following sections.

P = internal design pressure = 260 psi

R = mside radius of shell = 6.18 inches for main shell
= 3.74 inches for side shell

S = maximum allowable stress value = 20,000 psi

t = minimum required thickness in inches

K = Fermilab K factor = 0.8

E = weld joint efficiency

L = length of inner shell = 101.97 inches

Dg = outside diameter of inner shell = 5.61 inches

d = diameter of head = 12.36 inches for main shell
= 7.48 inches for side shell

C = flat head factor = 0.33m where m=tr/ts
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UG-27 Thickness of Shells Under Internal Pressure
Outer Main Shell

The thickness of shells under internal pressure shall be not less than that computed by the
following formulas. For cylindrical shells the minimum thickness shall be the greater thickness as given by
(1) or (2) below.

(1) Circumferential Stress (Longitudinal Joints)

___ PR _ (260)(6.18)
" SKE-0.6P  (20,000)(0.8)(0.6) — 0.6(260)

t =0.170 inches

(note that E=0.6 because of the longitudinal welds in the shell, the shell is welded as a
four piece clam shell, no radiographic examination)

(2) Longitudinal Stress (Circumferential Joints)

. PR - (260)(6.18)
2SKE+0.4P  2(20,000)(0.8)(0.6) + 0.4(260)

t =0.083 inches

(note that E=0.6 because of the circumferential welds between the heads and the shell, no
radiographic examination)

The actual thickness of the outer shell is 0.197 inches which is greater than the minimum required
thickness of 0.170 inches for the circumferential stress and 0.083 inches for the longitudinal stress.

Side Shell

The thickness of shells under internal pressure shall be not less than that computed by the
following formulas. For cylindrical shells the minimum thickness shall be the greater thickness as given by
(1) or (2) below.

14
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(1) Circumferential Stress (Longitudinal Joints)

___ PR _ (260)(3.74)
~ SKE-0.6P  (20,000)(0.8)(0.6) —0.6(260)

t =0.103 inches

(note that E=0.6 because of the longitudinal weld in the shell, the shell is welded as a two
piece clam shell, no radiographic examination)

(3) Longitudinal Stress (Circumferential Joints)

- PR _ (260)(3.74)
2SKE +04P  2(20,000)(0.8)(0.6) + 0.4(260)

t =0.050 inches

(note that E=0.6 because of the circumferential weld between the heads and the shell, no
radiographic examination)

The actual thickness of the outer shell is 0.197 inches which is greater than the minimum required
thickness of 0.103 inches for the circumferential stress and 0.050 inches for the longitudinal stress.

UG-28 Thickness of Shells and Tubes Under External Pressure

Inner Main Shell

111111111111

#1424
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The required minimum thickness of a cylindrical shell or tube under external pressure, either
seamless or with longitudinal butt joints shall be determined by the following procedure.

L/D, =101.97/5.61 = 18.176

Dy/t=5.61/0.157 = 35.732
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Determine the value of Factor A by entering Fig. G in Subpart 3 of Section 11, Part D using the
values of L/D, and Dyt

Factor A = 0.00095

Using the value of A, enter the applicable material chart in Subpart 3 of Section II, Part D for the
material under consideration, 304L stainless steel and determine Factor B.

Factor B = 9100
Now calculate the maximum allowable external working pressure using the following formula.

L__ 4B _ 409100)
3(D, /1) 3(35.732)

=340 psi

Pa = (340 psi) x K = (340)(0.8) =272 psi

The maximum allowable working pressure of 272 psi is greater than the design pressure of 260
psi.

UG-34 Thickness of Unstayed Flat Heads and Covers

Outer Main Shell

The minimum required thickness of flat unstayed circular heads, covers and blind flanges shall be
calculated by the following formula:

t =d~NCP/SKE

where  tr = required thickness of outer main shell = 0.170 inches
ts = actual thickness of outer main shell = 0.197 inches
m = tr/ts = 0.170/ 0.197 = 0.863
C =0.33m for a b-2 style flat head
=0.33(0.863) =0.285

t =d~CP/SKE = (12.36)\/(0.285)(260) /(20,000)(0.8)(1)

t =0.841inches

(note that E=1.0 because there are no welds in the head, the head is formed as one piece)
The actual thickness of the flat head is 0.913 inches which is greater than the minimum required thickness
0f 0.841 inches. In reality, the geometry is a bit more complicated. The flat head has a center hole which

is fully supported end to end by the inner shell to form a concentric tube geometry. This inner bore
provides added support for the flat end plates.

16




Side Shell

The minimum required thickness of flat unstayed circular heads, covers and blind flanges shall be
calculated by the following formula:

t =d~CP/SKE

where  tr = required thickness of outer main shell = 0.103 inches
ts = actual thickness of outer main shell = 0.197 inches
m=tr/ts =0.170/0.197 = 0.523
C =0.33m for a b-2 style flat head
=0.33(0.523)=0.173,if C< 0.2 use 0.2

t =d~NCP/SKE = (7.48)\/(0.200)(260) /(20,000)(0.8)(1)

t =0.426 inches

(note that E=1.0 because there are no welds in head, head is formed as one piece)
The actual thickness of the flat head is 0.551 inches which is greater than the minimum required thickness
of 0.426 inches.
UG-37 Reinforcement Required for Openings in Shells and Formed Heads

Side Shell

Now we need to look at the reinforcement required for the opening in the main shell where the
side shell is attached. Below is a sketch of the geometry.

o
-

#12.000

i v

Top View

nol to scale

Side View

Side Shs!l Rainforcemant

The quantities defined below are used in the following formulas.

d = finished diameter of opening = 5.51 inches
tr = required thickness of main shell = 0.170 inches
tn = wall thickness of side shell = 0.197 inches
trn = required thickness of side shell = 0.103 inches
t = wall thickness of main shell = 0.197 inches
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te = thickness of reinforcing element = 0.236 inches

Dp = outside diameter of reinforcing element = 12 inches
frl, 112, 113, fr4 = strength reduction factor = 1.0

F = correction factor = 1.0

E, E1 = joint coefficient = 1.0

leg = weld leg = 0.197 inches

The total cross-sectional area of reinforcement required in any given plane through the opening for

a shell under internal pressure shall not be less than that given be A below.

A=duoF+2mtrF (1 -1frl)=(551)(0.170)(1.0) + 2(0.197)(0.170)(1.0)(1 - 1)

A =0.9367 in.> area of reinforcement required

Now we need to calculate the area of reinforcement available

Ay=dElt-Ftr)-2t(El t-Ftr) (1 —frl)
Ay=20+tm) (ELt-Ftr)-2tm (Bl t-Ftr) (1 -1frl) whicheveris greater

Ay = (5.5D[(1.0)(0.197) - (1.0)(0.170)] — 2(0.197)[(1.0)(0.197) — (1.0)(0.170)] (1 — 1)
=0.1488 in.?

A =2(0.197 + 0.197)[(1.0)(0.197) - (1.0)(0.170)] ~ 2(0.197)[(1.0)(0.197) — (1.0)(0.170)](1 — 1)
=0.0213 in.2

use A; = 0.1488 in.”

Ay =5 (tn—trn) fr2 t = 5[0.197 — 0.103] (1.0)(0.197) = 0.0926 in.”
Ay=2 (tn—trn) (2.5tn + te) fr2 = 2[0.197 — 0.103][2.5(0.197) + 0.236](1.0) = 0.1370 in.?

use smaller value, A, = 0.0926 in.

Aqr = (leg)*fr3 = (0.236)%(1.0) = 0.0557 in.2
Aq = (leg)*frd = (0.236)%(1.0) = 0.0557 in.2

As=(Dp-d-2tn)te fr4 = [12 - 5.51 - 2(0.197)] (0.236) (1.0) = 1.4387 in.?

NOWSCCifA;+A2+A4]+A42+A5>A

0.1488 + 0.0926 + 0.0557 + 0.0557 + 1.4387 = 1.7915 in.” > 0.9367 in.?

The reinforcement available is 1.7915 in.* which is greater than the required reinforcement of 0.9367 in.”

Now we need to look at the reinforcement required for the utility penetrations (power connections, relief
port, etc.) in the side shell itself. Below are sketches of the five different types of penetrations in the side

shell.

0.197

fo—t— 0.550 --l 0.984¢ ’-—
VA

0,197 0.197

0.0588

1800 Amp Solenoid Current Lead Kauzky Valve Port
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Helium Return

1.654
l. *‘1 0.187

0.039
J 0.512
0.197 1 \ W 0.197

200 Amp Dipole Current —— 0.906 0.630
Leads Current Element

0.157

Reinforcement required for the two 1800 amp current lead penetrations

d = finished diameter of opening = 0.590 inches
tr = required thickness of shell = 0.103 inches
tn = nozzle wall thickness = 0.197 inches

t = wall thickness of shell = 0.197 inches

frl, fr2 = strength reduction factor = 1.0

F = correction factor = 1.0

E, El = joint coefficient = 1.0

leg = weld leg = 0.197 inches

Arqg=dtr F+ 2t tr F (1 - frl) = (0.590)(0.103)(1) + 2(0.197)(0.103)(1 - 1) = 0.0608 in.

Ai=dELt-Ftr)-2tm (Elt-Ftr) (1 - frD)
Ar=2@+m)(Elt-Fu)-2tn(E1t—Ftr) (1 -frl) whichever is greater

= (0.590)[(1.0)(0. 197) (1.0)(0.103)] ~ 2(0.197)[(1.0)(0.197) ~ (1.0)(0.103)] (1 - 1)
=0.0555 in.?

Ap=2(0.197 + 0.197){(1.0)(0.197) - (1.0)(0.103)] — 2(0.197)[(1.0)(0.197) — (1.0)(0.103)](1 ~ 1)
=0.0741 in.2

use A; = 0.0741 in.?
Ay = (leg)*fr2 = (0.197)%(1.0) = 0.0388 in.?

Al + A41 =0.0741 in.” + 0.0388 in.” = 0.1129 in.> > A, = 0.0608 in.?

Reinforcement required for the Kautzky valve port penetration

d = finished diameter of opening = 0.984 inches
tr = required thickness of shell = 0.103 inches
tn = nozzle wall thickness = 0.098 inches

t = wall thickness of shell = 0.197 inches

fr1, fr2 = strength reduction factor = 1.0

F = correction factor = 1.0

E, E1 = joint coefficient = 1.0

leg = weld leg = 0.197 inches

Arg=dtr F+2mu F(1-1frl) = (0.984)(0.103)(1) + 2(0.098)(0.103)(1 — 1) = 0.1014 in.?

Ai=dEIt-Fum)~-2mEIt-Fw) (1l -1frD)
=2(t+m) (Elt-Fir)-2t (ELl t—Ftr) (1 - frl) whichever is greater
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Ay = (0.984)[(1.0)(0.197) — (1.0)(0.103)] - 2(0.098)[(1.0)(0.197) — (1.0)(0.103)] (1 - 1)
=0.0925 in.’

Ap=2(0.197 + 0.098)[(1.0)(0.197) — (1.0)(0.103)] ~ 2(0.098)[(1.0)(0.197) - (1.0)(0.103)](1 ~ 1)
=0.0555in.2

use A, = 0.0925 in.?
Aqy = (leg)*fr2 = (0.197)*(1.0) = 0.0388 in.>

A1+ A41=0.0925in + 0.0388 in.” = 0.1313 in.2 > A, = 0.1014 in.?

Reinforcement required for the 200 amp current lead penetrations

d = finished diameter of opening = 1.654 inches
tr = required thickness of shell = 0.103 inches
tn = nozzle wall thickness = 0.157 inches

t = wall thickness of shell = 0.197 inches

frl, fr2 = strength reduction factor = 1.0

F = correction factor = 1.0

E, El = joint coefficient = 1.0

leg = weld leg = 0.197 inches

Arg=dtr F+ 2 tntr F (1 - frl) = (1.654)(0.103)(1) + 2(0.157)(0.103)(1 — 1) = 0.1704 in.?

Ay=d(Elt-Ftr)-2t (Elt-Ftr) (1 -frl)
Aj=20t+tm)(ELt-Ftur)-2tm (Bl t—-Ftr) (I - fr]) whichever is greater

A= (L.654)[(1.0)(0.197) — (1.0)(0.103)] — 2(0.157)[(1.0)(0.197) — (1.0)(0.103)] (1 — 1)
=0.1555 in.?

Ay =2(0.197 + 0.157)[(1.0)(0.197) — (1.0)(0.103)] - 2(0.157)[(1.0)(0.197) — (1.0)(0.103)](1 - 1)
= 0.0666 in.2

use A; = 0.1555 in.?
Aq = (le@)*fr2 = (0.197)%(1.0) = 0.0388 in.?

A1+ A41 =0.1555 in.” + 0.0388 in.” = 0.1943 in.” > A, = 0.1704 in.?

Reinforcement required for the correction element penetration

d = finished diameter of opening = 0.630 inches
tr = required thickness of shell = 0.103 inches
tn = nozzle wall thickness = 0.512 inches

t = wall thickness of shell = 0.197 inches

frl, fr2 = strength reduction factor = 1.0

F = correction factor = 1.0

E, El = joint coefficient = 1.0

leg = weld leg = 0.197 inches

Ag=dtr F+ 2t tr F (1 —1rl) = (0.630)(0.103)(1) + 2(0.512)(0.103)(1 ~ 1) = 0.0649 in.?

Aj=dEIt-Ftr)-2tmEIt-Fw) ( ~frl)
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A=20+m) (Elt-Feu)-2tn (Elt-Ftr) (1 ~1rl) whichever is greater

A; = (0.630)[(1.0)(0.197) — (1.0)(0.103)] — 2(0.512)[(1.0)(0.197) ~ (1.0)(0.103)] (1 — 1)
=0.0592 in.?

Ay =2(0.197 + 0.512)[(1.0)(0.197) — (1.0)(0.103)] — 2(0.512){(1.0)(0.197) — (1.0)(0.103) (1 = 1)
=0.1333 in.2

use A, = 0.1333 in.?

A1=0.1333in? > A = 0.0649 in.”

Reinforcement required for the helium return penetration

d = finished diameter of opening = 0.906 inches
tr = required thickness of shell = 0.103 inches
tn = nozzle wall thickness = 0.039 inches

t == wall thickness of shell = 0.197 inches

frl, fr2 = strength reduction factor = 1.0

F = correction factor = 1.0

E, El = joint coefficient = 1.0

leg = weld leg = 0.197 inches

Arg=dtr F+ 2 tntr F (1 - frl) = (0.906)(0.103)(1) + 2(0.039)(0.103)(1 — 1) = 0.0933 in.?

Ay=dEIt-Ft)-2mEIt-Ftu)(1-1frD)
Ar=2(t+m) (Elt-Ftr)-2tm (Elt-Fu) (1l -1frl) whichever is greater

A; = (0.906)[(1.0)(0.197) — (1.0)(0.103)] — 2(0.039)[(1.0)(0.197) ~ (1.0)(0.103)] (1 — 1)
=0.0852 in.?

Ay =2(0.197 + 0.039)[(1.0)(0.197) — (1.0)(0.103)] — 2(0.039)[(1.0)(0.197) — (1.0)(0.103)}(1 - )
=0.0444 in.2

use A; = 0.0852 in.”

Aqr = (leg)*fr2 = (0.197)%(1.0) = 0.0388 in.”

A1 + A41 = 0.0852 in.” + 0.0388 in.” = 0.1240 in.” > A, = 0.0933 in.?

Section UG-42 of the ASME Code states that when any two openings are spaced at less than two times
their average diameter . . . the two openings shall be reinforced . . . with a combined reinforcement that has
an area not less than the sum of the areas required for each opening. In our case this section does not apply
because no two openings are spaced less than two times their average finished diameters. The diameters of
the openings used in this calculation are the finished diameters with the nozzles in place not the openings
on the shell plate before the nozzles are welded in place.

Relief Valve Sizing

Failure Modes

1) Loss of Vacuum — vacuum space filled with GHe or GN,
ii) Fire Condition
1it) System Upsets — quenches
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Case i) Loss of vacuum with vacuum space filled with gaseous helium or nitrogen.

According to CGA S-1.3, Section 5.2.2, the minimum required flow capacity for a relief system on
insulated vessels for loss of vacuum with gaseous lading in the vacuum space can be calculated using the
following formula:

590-T

=,
Q" 41660-T) '

where  Gi = gas factor for an insulated container
= 52.5 for LHe at 200 psig or below flow rating pressure

T = temperature of gas at flow conditions in Rankine
= 10°R = 5.6K

A = Outside surface area of the vessel in sq. feet
(only determine outside area, not inner bore area which is not
likely to be exposed to the fire)
=n(12.76)(103.78)+2[m/4(12.76* — 5.63%)]+7(7.87)(12.91)+1/4(7.87)
=4734.0in.> =329 ft.2

U = Overall heat transfer coefficient of the insulating
material when saturated with gaseous lading,
determined by dividing the thermal conductivity of
the gas by the thickness of the insulation (k/x). We will
calculate U’s for both helium and nitrogen, since the vessel
has a nitrogen cooled shield which if ruptured can dump
nitrogen into the vacuum space.

kye = 0.0871 Btu/hr ft °R at 300K
kny = 0.0149 Btu/hr ft °R at 300K

x = 0.75 in. (average insulation thickness)

Uye = 0.0871/(0.75/12) = 1.394 Btu/hr ft* °F (worst case)
Uy, = 0.0149/(0.75/12) = 0.238 Btu/hr ft* °F

590 - 10
Q(I -

= ————(52.5)(1.394)(32.9) = 211.6 scfi
Tiog0 - 10) 02 1:3990329) scfim

air

Case i1) Fire Condition

According to CGA S-1.3, Section 5.3, the minimum flow capacity required for a relief system under fire
conditions in insulated vessels containing cryogenic fluids which are subjected to a 1200 °F external
environment can be calculated using the following formula:

Q{I — GIUAOSZ
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where G; = gas factor for an insulated container
= 52.5 for LHe at 200 psig or below flow rating pressure

A = Total outside surface area of the container in sq. feet
(only determine outside area, not inner bore area which is not
likely to be exposed to the fire)
=n(12.76)(103.78)+2[1/4(12.76* — 5.63%)1+1(7.87)(12.91)+1/4(7.87)
=4734.01in =329 ft.”

U = Overall heat transfer coefficient of the insulating
material when saturated with gaseous lading,
determined by dividing the thermal conductivity of
the gas by the thickness of the insulation (k/x). We will
calculate U’s for both helium and nitrogen, since the vessel
has a nitrogen cooled shield which if ruptured can dump
nitrogen into the vacuum space.

ke = 0.0871 Btu/hr ft °R at 300K
kno = 0.0149 Btu/hr ft °R at 300K

x = 0.75 in. (average insulation thickness)

Uye = 0.0871/(0.75/12) = 1.394 Btu/hr ft* °F (worst case)
Uy, = 0.0149/(0.75/12) = 0.238 Btwhr ft* °F

Q, =(52.5)(1.394)(32.9)**

0, =1284.9 scfin

Case iv) System upsets — quenching

Tevatron experience shows that pressure surges do not exceed 180 psia during a full house quench at 1000
Gev. This peak pressure has a duration of 280 ms. For more information on peak quench pressures see the
attached “Tevatron Quench Pressure Measurement” by J.C. Theilacker and others.

Conclusion)

This vessel is relieved by one standard FNAL Kautzky valve set to a set pressure of 30 psig and an
Anderson Greenwood model 81SF1216-G relief valve with a set pressure of 240 psig. The Kautzky valve
will act as the operational relief but because it is not an ASME coded relief, the Anderson Greenwood relief
was incorporated to meet ASME Code rules. The Kautzky valve has been tested by an external source and
is rated at 1864 scfm,;; at 150 psid. The Anderson Greenwood relief is rated at 2097 scfm,,. Both relief
valves therefore have the capability to maintain vessel pressure below the vessels” MAWP for all calculated
flow modes. When installed at A10, there will be the added redundancy provided by neighboring Kautzky
valves in the A10 vicinity.

Summary of Calculations

Outer Main Shell: Thickness required = 0.170 inches
Thickness available = 0.197 inches — OK

23




Side Shell: Thickness required = 0.103 inches
Thickness available = 0.197 inches — OK

Inner Main Shell: Calculated maximum allowable working pressure = 272 psi
Actual maximum allowable working pressure = 260 psi — OK

Main Shell Flat Heads: ~ Thickness required = 0.841 inches
Thickness available = 0.913 inches — OK

Side Shell Flat Head: Thickness required = 0.426 inches
Thickness available = 0.551 inches — OK

Side Shell Reinforcement: Area required = 0.0608 in.?
Area available = 0.0943 in.” — OK

1800 Amp Power Lead  Area required = 0.0608 in.”

Reinforcement: Area available = 0.1129 in.? — OK
Kautzky Valve Port Area required = 0.1014 in.
Reinforcement: Area available = 0.1313 in.> — OK

200 Amp Power Lead Area required = 0.1704 in.’

Reinforcement: Area available = 0.1943 in.2 — OK

Correction Element Area required = 0.0649 in.

Reinforcement: Area available = 0.1313 in.?2 = OK

Helium Return Area required = 0.0933 in.?

Reinforcement: Area available = 0.1240 in.2 — OK

Reliefs: Flow required for Loss of Vacuum = 211.6 scfm,;,

Flow required for Fire Condition = 1284.9 scfmy;,

Actual Flow available from Kautzky valve = 1864 scfm,;, — OK

Actual Flow available from AGCO valve = 2097 scfm,, — OK
Pressure Test

The pressure test for this vessel was performed at the place of manufacture, Institute for High

Energy Physics in Protvino, Russia. Fermilab and ASME code rules require that a pressure vessel be
pressure tested at 125% of the maximum allowable working pressure when tested pneumatically. This
vessel has a MAWP of 260 psia.

Test Pressure = 1.25(260 psia) = 325 psia or (310.3 psig when the vacuum shell is not under vacuum)

Attached is a copy of the signed pressure test form from IHEP. It indicates that the vessel was tested at
362.6 psig or roughly 145% of the maximum allowable working pressure without any visible leaks.




Pressure Test Form and Helium
Leak Check for TEL?2 Solenoid




Elms ude Junag [ IS S bl aPn e e I Bl ZND r L el oS e
P =i ARy )

o7 RAZIEL HOMEP TE(EDOHA: 749951 ApF. PS 28md 10:33  CTP2
MUHUCTEPCTBO MINISTRY
POCCUMCKON @EAEPAIIMM O RUSSIAN FEDERATION
11O ATOMHOK BHFPI MHA FOR ATOMIC ENHRGY
1" 0Cy NAPCTECHHRTH HayMHBIH LICH TP Poccutcxolt cpc:ncpanuu
PHCTUTYT GH3NKHA BhICOKHUX AHEPTUM
INSTITUTE FOR HIGIH ENERGY PHYSICS
142284, r, Tlporsune, 142284, Protvino
Mockoncwicoti obacTH Mbscow rogien
Pocctiicxast Denepanig Russian Federation
Teles: 412687 IREP SU.  Fax: 007 (967 74-49-37
Protocol of the helium pressure vessel test.
TpoToxon HenLITaAHMIT redACBOro cOCyaa, paBOTAIOMCIO O aBRCIHEM.
{r Type of Test { Pneumnatic .
| Bup onerraunt ) o _ Tluesmarudeckue
| Test Pressure (psig/bar) 362.6 /25
Lﬂaaﬂeﬁm MCITBI A IKH . ‘ .
"Maximum Allowable Working Pressure 284.2/19.6
| (psig/bar)
i Makcamanio BO3sMONKHOS pabouce
| JaBicHMe al N ] e
Trme of the Pressure Test under the Test 0.5
Pressure (hour)
’ ﬂpoxomxmemuocm WCTIRITAHME TIPH
| JeBICHH HCUEITAH ‘ | e
Location of Test Bld 12 B
' Mecto Upoaegcmmv » - i , 3marme 125
Date and Time g, 0%, Z@O(/ 1200 ~=- (g co |
 Bpems nponejenus ) ) _ I B ) ]
Special Condition or Medium-Nitrogen 1
Requirements [as-azot
Crenman hHble TPEOOBAHNS N N ‘
Results O. i
)
‘ Brinompr 7O d@_‘é/}é/
Signature '
opmuen ‘ ‘ § . .
Test Coordinator // Polkovnikov K.G.
TecT WEDKEHED ) - 4 LAY - i TOJIKOBHEKOB KT
Dcpai‘tmem Head ! Kozub S.S. |
HavasLugk otaera . "  Kozy6 C.C.
“Head Designer Sytnik V.V,
[naBHBH KOHCTPYKTOP " . o ] ~ Crrranx B.B. |
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HOMEP  TEMEDCHR: 749351 QRr. @5 20m4 12:33 CTP3

OT:RAZIEL
M I/TI—IM(?TRI>CZ'1T§O MINISTRY
POCCYIHCKOY OEJTEPATINN OF RUSSIAN FEDERATION
110 ATOMHOW DHEPT MM FOR ATOMIC ENERGY
Pocypaperrerrteid Hayymnii neitrp Pocculickol fenepanyv
WHCTUTYT ®U3INKH BBICOKUX YHEPTHHA
INSTITUTE FOR HIGH ENERGY PHYSICS
142284, r. IlpuTriko, 142284, Protying
Macionckoh obipacin Maozcow region
Poccuptecan Meaepanus Russian Pedorntion
Telex: 412657 IHEP SU.  Fax: 0070967 74 49 37
Protocol of the helium leak test.
TTpoToKo BAKYYMULIX HCTILITARYH I'eTHeBOTO COCYA.
Type of Test T " helfum leak T
Bug uersiranmii L BAaKYYMHLIX VCTIBITARUMH o
Test Pressure (mbar) 0™
Jasrenne peuprrannd (MGap) R
Leak Indicator Adjastable Sensitivity 107
L(m’*Pa/s)

UyRCTBUTENILHOCTS, HA KOTOPYIO HACTPOEH
Tedemckatens (MHMlafe) | S
Test method Helium chamber

| Metoa ueribirasmii ["enneBoi KamMepu1_

e el

Time of the Test under the Tost Pregsure | 0.5
(hour)
[ IpoAOIIRUTETLHOC T UCITRITAHKH TIPU

| /IABICHHM A HTan it (1acoB) ., R e
Location of Test Bld 12 B

 Mecto aposenetid S 3navde 12 5 R

| Date and Time DY 0k 200V

_Bpess npoeens N G 0200 = {2 00 |
Special Condition ot At the Leak Indicator Adjastable Senaitivity
Requirements there may be no leak rate detectable.
Creruanbisie TpefoBatus TeuchexaTtels, HACTPOEITHBIN Ha

BEUNEYTOMAHYTYIO HYBCTBUTEITRIOCT HE
MODKETT PErUCTPUPORATD TOHb.

RLbUh"{ , (} k/r
Buoroant
e s e e e e
Signature
Noannen | I -~ S R I
h “est C oordinator , | ﬁ/{ L 4 Polkovnikoy K.G.
| Sy Doswosrekon 1K

| Teet nrwercp

s
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OT:RAZIEL HOMEP TE(IEGOHA® 749951 car. 05 204 18133 CTP4
MUIIMCTEPTCTBO : MINISTRY
POCCHMACKOW BEJLPATTY | Al OF RUSSIAN FEDERATION
110 ATOMIOW SHEPTHH FOR ATOMIC ENERGY
TocydapeTRCHUEIA Haysmni nenTp Pocciiicioi cbomspau;m
HEHCTUTYT ®U3TKI BEBICOKHUX JHEPTUH
INSTITUTE FOR HIGIT ENERGY PHYSICS
142284, r. fIporauno, 142284, Protvino
MocwoBeroit ofinneT Moscow region
Poccutickas ®eaepating Russlan Federation
Telex: 412657 \HEP SU.  Fax; 0070967 74 49 37
Protocol of the vacuum vessel helium leak test,
TIPpOTOKOT BAKYYMHBIX HEMLITAHUHE BAKYYMROTO coeyaa.
Type of Test holium leak \
Bun gcnpiTan i . i N BAKYYMHBIX HCTIhITAHPHM __,J
Test Pressure (mbm) 10”7 . g
Naiexye AenuTanmni (M6ap) _ L | ]
1 cak Indicator Adjastable Sensitivity o |
(m’*Pa/s) g
Linm RHUTEIHIOCTS, HA KOTOPYIO HACTPOEH
| TeveuckaTeh (v *TTa/c) _ S . ‘
"Test method " Helium chamber ]
 MeTo MenplTas i T'el1eBoOli KAMEPBL
| Time of the Test under the Test Pressure 0.5
1 (hour)
‘ VIpOROIDKHTENbHOCTS HCIBITAM it Ipm
| AABICUAY VCTIBITAH MY (TACOR) , _ . o
Location of Test Bld12B
Mecto mpopefIenns B 3panue 126 )
Date and Thne 07 08,260V T OF:00 < (8. 00
BpeMsa mpoBe/cHBA o ) » o ‘ R
Special Condition or At the Leak Indicator Adjastable Sensitivity
Requirements there may be no leak rato detectable.
CrrennanpHRe TPeboBAITHA Teuepckaren, HACTPOLHHbINA HA
RLIIICYTOMSHYTYIQ YyBCTBUTENBHOCTE HE
“ i ) _ HOTKeH PerHCTPMpOoRAts Te%b.
Results O
Buisoxs
Signature N \
11ouricu ‘ e ’
TT‘:a’sf,%(,oordnmtm ) Polkovnikov K.G. 8

JTonkoBHHKOR K.

| Tecr miienep.




Material Certifications for TEL2
Helium Vessel



\_JF# Avestarolarir

CEPTUPUKAT KAUEETRA TNSPECTION

DIN EN 102

666972/001 1(01)
CERTIFICATE 3.1.B Date flara
04 3.1.8B 09.11.01

Delivery address Anpec noctasmm X
MOSINISTROYKOMPLEKT
CONSIG.CODE 7855 /KOD OKP0:03959139
PROSPEKT MIRA 42
MOSCOW
RUSSIA

STEEL TECHNOLOGIES INC.
118-21 QUEENS BLVD.STE
# 612 FOREST HILLS

N.Y. 11375
USA

Fequirements Mo crannapty

ASTM A240-00 ASME SA-240 2001 SEC 2

Our Cides No

s Your order Baw daxal
Hamw NC saxaza

FAX 01.10.01

7112

Proguct Npoaykuuir

SHEET , STAINLESS STEEL

Mark of Manutacture;

Inspectors stamp
MapKa npoMIBoARTENA

Nedats we nextopa

Frocess
( ) fpouece

AOD

Grade Mapka cranm

Tolerances [onyckm

TYPE 304
Marking Maprnpopra Marks O1rPy3oNHan MapkuposKa
304 2B
Line Rem Charge-test No Size Paimepm Guantity Weight Bec Firush
NS a/n Nosnuna | N2 nnasssx Konnuecrao Crpensa
1 5 11541 1 2,0 X 1250 X 2500 MM 42 2072 KG 2B
Cgatge no Chemnical composition XuMaueckHi cocTas -_::
Mo T ST e P s cr Ni N
% Yo %o Yo Yo Yo Yo %
11541 0,015 ¢,45 1,85 0,025 0,001 18,2 8,1 0,047
k’gim Mechanical pioperties Mexanmiecrme coopcTaa
- r Hardness
S RS [ | A5 As0 | nme
e Yo Yo HB 3 O
1 E 304 334 622 62 57 161
A 306 336 621 63 57 164

RP0.2 YIELD STRENGTH
RP1.0 YIELD STRENGTH
RM TENSILE STRENGTH
A5 ELONGATION PROPORT.
A50 ELONGATION GL 50MM
HB30 BRINELL HARDNESS

identity lest KonTpons cooTsercrams

Sizes Paepw

Surface [losepxrocte

Test of intergran. cormos Tecr na MERMPHCTANMTHYIO KOPPOIHIO

| ASTM A262 PRACTICE E OK

A = Beginning / Hauano
€ = £nd / Koney

\We ceillly that the above mentioned products comply with
the terms of the order contract

Ml yACCTOBEPREM, UTO YKAIANHAR BLUE NEOAYRUAR
COOTBRTCTBYET YCNCAUAN daKada

This test certificate 15 made by controlied ADP-system
and is valid without signature

Llannsi ceprudniar oAroToBNeR aBToMATNECKEH
CHCTEMOR OBPABOTI AAHMWX W ABACTBNTENER

Ges noanmen

AvestaPolarit Stainless Oy

il S

TIMO UPPILA

Authotized inspecior
Hecnexrop
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PRUFGEGENSTAND: VERSANDANZEIGE Mr:
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Cou N HEAT N° Cu TYPE DACIER: 1.4301 Ay
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- o
AT, THAACO - NCOTTWRA Dl soumerzz: - O 50 ARIA - ACQUA NEBULIIZATA - ACOUA PROCESS0 DI ELABORAZIONE: E + AGD » CC K MATERIALE £ RESISTENTE ALLA CO T IARE , DIN 50914
IEAT TRATMENT - ANNEALING: AR - WATER SPRAY - WATER COOLING STEELMAKING PROCESS THE MATERIAL 15 RESISTANT TO NTERCRYSTALLINE CORROSION W DACCORCANGE WITH:
RASTEMENT - THERMIQUE - HYPERTREMPE: Al - EAL ATOMISEE - EAU PROCEDE D'ELABORATION LE MATERIEL EST RESISTANT A LA CORROSION INTERGRANULAIR SELON:
VARMEBEHANDLUNG - ABSCHRECKEN: *C/LUFT - SPROMWASSER - WASSER ERSCHMELZUNGSART D¥ OBENGENANNTE SCHMELZE IST BESTANDIG GEQEN INTERKRISTALUINE KORROSION GEMASS:
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Acc to EN 10204 3 1.B

Dats - Datum

Load - Ladung - Chargem Na  Cert.No - Zeugnis No

acm.Hans Perning 2001-01-09 RU1TA-0009 478742-EN
Your order - thre Bestellung - Votre commande LAvcsm order - Auftrag - Ordre Invoice - Rechnung - Facture l
RCSALO01 0083395 150635
Purchaser - Besteller - Acheteur
113054 MOSCOW Requirements - Anforderungen - Exigences _}
RUSSIA ASTM A 240-00

[y

ASME SA 240 ED 98 - A99

EN 10088-2 (04.95) ()O
Dest. ]

Product - Erzeugnisform - Produit ]
Hot Rolled Stainless, Coil-Plate
finish 1D, cut edge

Grade - Werkstoff - Nuance ]
Avesta 18-10TI

TYPE 321/1.4541 L/

Brand mark Inspactors stamp Melting process
lerstellerzeichen % gg Abname - Stempet Erschmettzungsart] E 4+ AQD
Jne du producteur %%Es 3 gg Estamp de expert Procédé de fusion

Extent of delivery - Lieferumfang - Etendue de livrs

ftem Pcs Dimensions - Abmessungen - Dimensions Heat No Lot No Test No ’
Pos  Anzahl Schmelze Nr Los Nr Probe Nr
Poste Nombre kg mm Coulée No Lot Nr Eprouvette No
3 6 2113 10.00 1500 3000 803699 ~ 001
Chemical composition - Chemische Zusammensetzung - Composition chimique

C Si Mn P S C N Ti Nb Cu Co N
Heat 045 .66 1.46 .023 .001 17.30 9.19 .37 .011 .44 .14 014

Test resuits - Prufergebnisse - Results déssais {1N/mm 2= 1 MPa} F = Front - Anfang - Debut B = Back - Ende - Fin T = Transverse - Quer - Travers

Test Ref Temp Rp 0.2 Rp 1.0 Ry A5 2" H8
Probe Ref o .,
Eprouv Ref C N/mm?2 Nimm2  N/mm? Yo % HB
Min +20 220 250 520 40 40
Max 720 217

F T +20 265 295 576 57 59 170
BT 272 302 573 58 60 163

Corrosion acc. ASTM A 262-E, EN I1SO 3651-2A: Satisfactory
Heat treatment: Material temperature 1080 cel / Quenched
Steel grade verification {spectroscopic): OK

Insp. and gauge measurement: Satisfactory

Avesta Sheffield AB {Publ} Tclepj‘\one 1 {0)226 B13 687 Test rasults comply with order requiremants

KBR Telefax 1101226 813 16 i

$-774 BO AVESTA Telex no : 7030 AVESTA S | . @7( MJ’J% @

SWEDEN Reg no : 656001-8748

Regoffice: Stockhoim Sweden V.ATno 1 SE556001874801 1509002
Autharized Inspector Regisuation

FM 20032




ACERINOX.S.A.

FABRICA DEL CAMPO
OF GIBRALTAR
PALMONES (LOS BARRIOS)

DIN 150 9002 /

£R 29002

TENQ. (34) -56-629000
FAX . {34) -56-629311
P.O. BOX 8

11370 LOS BARRIOS (CADIZ)Y

|

Abnahmepriifzeugnis B
Inspection Certificate B

Pegd - M
29274

BN

inspection o

ACCOROING TO

NACH EN 10204 3.1 8.

"Zustimmungsschreiben des TOV Baden vom 21, Februar 1983"
Letter of approval from the TUV Baden dated 21-2-83
"Laut Schreiben des TUV Baden e.V. vom 26 Juni 1989 wird auf die
Gegenzeichnung verzichtet.”

TV Baden renounce fo the countersignature according (o their letter date 26-6-89

Besteller - Costumer
000 ASTIL KAPITAL

Aultrags Nr - our order No

SE 14279

Bestellung Nr - your Order No

Prifgegenstand - Article

Werkstalf Wi und Lisferzustand - Material No. And Condition of Detivery

BLECH (PLATE) 1.4541 NO.1
Werkstofl- Normbez.Standatd - Geade of Material Weriksbez - Works Grade Erschimelzungsart - Steetmaking Process
A O Verlahien - AOD Process

X6 CrNiTi 18-10

KaTorderungen:
Technicat requirements
DIN 17440 / AD W2

+ TRB 100 + AD-ME

315

Kennzeichnung Markig
chmelzannummer - N2 of cod

RKBLATT Wi0 EN-10029 B

Zeichen des Lieferwerks
Brand of the manufacturer

5

Stempel des Sachversidndigen,
inspector’s stamp

Pos hr Stickzahl Abmessung - Dimensions Schmetze Ne Probe N
Hem No Quantity o Heat No Test No
Z 1 167667 1.566,00 %7 87000. 06 $280 414280 B i T
Chemische Analyse - Chemical Composition
T T T | :
Schmelze Nr § b i i
Heat No C cR MN 1 N1 p s 81 } T1 | i ;
) ! ! I
Anfordeungen | 17000 | ! ! | |
Rag 2 H H
saunemems 1 g,080 19,000 | 2,000 1,0000 0,700 : ;
i P i
4280 0,027} 17,147 | 1,701 0,480 0,374 | )
! ]
| |
;
| |
i
1 |
I
i
| i
i | ’
I | H
i I
Mechanische Eigenschaften - Mechanical Properties  Pr. Temp./T. Temp. 20 ‘:C
robe Ni. Prob.- Lage Abmessungen =
frobe P Toe | des Probestabs Rm. Rp 0.2 Bp 1.0 A5
Dim. of specimen N/MM2 N/MM2 N/MM2 % B
Anforderungen Breite X Dicke 500,00 205,00 240,00 35,00
Requirements Width x Thickness 730,00
mm
014280 B cT 30,000 16,00 564,8 265.6 302.6 55,2
| .
i i i
I i
i

Besichtigung und Masskontrolle wurden durchgelihel; C.8

Surface ang dimensions controlied: O.K.

Der Werkstoff ist bestandig gegen interkristatline Korrosion gemass DIN-50914
The material is resistant 10 intergranular corrosion test according to DIN-50814
Spektroskopische Identititsprifung: O B
Spectrometrical [dentity test: O.K.
Wirmebehandlung: Gldhen bei...............o...

.1050-1100 o

Heat treatment:
und Abschrecken mit 1Uft

With air

cooting:.

WERKSACHVERSTANDIGER
work Inspactor

J. Vaquero

Zeugnis ist per EDV erstellt und ohne Unterschrift gliltig
gemdéss E-Norm 10204

21 MARZO

Palmonas




ACERINOX.S.A.

FABRICA DEL CAMPO INS PECTION CERTIFICATE
DE GIBRALTAR
PALMORES (LOS BARRIOS) ABNAHMEPRUFZEUGNIS 3.1.8
TINOLM) $6-82030
FAX G4 $4 €231
PO, BOXE3 ACCORDING YO EN 10204 CERTIMCATE N* . - . .
LYK LOS BARKIOS (CADIZ) ! NACH A y 23583 2/ 2
[ USToHER Gur order ni9. . j
BESTELLER Aufirags Nr KE 1135
REGION SEVERNIY VILLADGE Voo order o
107204 MOSCOW RUSSIA Berteliong M_‘
I RESUEAMENTS GHADE FINISH
ANFORDERUNGEN WERKSTOFE NR. LIEFERZUSTAND
ASTH-A-240/39A-480/99 ; ASHE-8A-240/98. ACX  ns U
TP-321 NO.1
TRADE MARK NEPFECTOR'S #TAMP ) | STEELMAKING PROCESS
HERSTELLERZEICHEN Aczesmax, STEMPEL DES SACHVERSTANDIGEN ERSCHMELZUNGSART
. A.00
DIMENSIONS MARKE ] QUANTITY
CONTENT COIL/BOX o
INHALT BAND/KISTE . ABMESSUNGEN | MARKE | STUCKZAHL PROBE NA.
THICKNEES 21 LENGTH
it X DICKE sRETE tAnge
XMI0323 013273 HBA 25,00 1.%00,00 3.000,00 1 "'(1‘( 023223
|
CHEMICAL ANALYSIS CHEMISCHE ANALYSE (%)
IHEAT NO. 1 ¢ |
o o | o< CR vy N NI » s 34 TI |
RECUNREMENTS 17,00 s,000 . !
ANFORDETUNGEN 0.080 19.000 2.0800 0.100012.000 (0,05 to.0%0 | 0,750 lo.q00 i
3273 0,023 17,43¢ 1,595 0,013| 9,125 0,028 ;0,001 0,340 |0,359 l
|
|

MECHANICAL PROPERTIES

MECHANISCHE EIGENSCHAFTEN

cait Rm. Rp 0.2 ASO [ : I

FROGE N N E N2 | M/M2 ' i

ooty s15,0¢] 205,00 | -40,00 1
95,00

013323 3 546.4 | 2903 56,3 80,0 : ;

;

|
1
|
|
|

U

INTEAGRAMULAR CORRQSION TRST
INTERKRISTALLINE KORAOSION T&ST

|
SURFAGE AND DIMENSIONAL CONTROL
BESICHTIGUNG UNO MASSKONTROLLE

ASTM-A-2€2 PRACTICA ¥

SATISFACTORY
Otine Besnsiandung

AREMARKS "

BEMERKUNGEN

V
Texperstura de hipertenple entre 1050 y 1108 * C.

ORI INBFETOR
WEAKSACHVERS TANDIGEN J.A. SIMON

. 24 JULIO 2001

PALMONES,

PUCSRITRY




ALLILNUA, DAL
FABRICA DEL CAMPO

DE GIBRALTAR
PALMONES (LOS BARRIOS)
TFNQ.(34) -56-629300

FAX (34) -56-629311

((@Eﬁ?)

DIN 150 9002/

INSPECTION CERTIFICATE
ABNAHMEPRUFZEUGNIS

3.1.B

P.0. BOX.83 N 29002 ACCORDING TO  EN 10204 CERTIFICATE N*
11370 LOS BARRIOS (CADIZ) NACH PRUF Nr 22457 2/ 1
CUSTOMER Our order no. N
TELLER
BES Auftrags Nr KE 648
REGION SEVERNIY VILLADGE Vou order e
107204 MOSCOW RUSSIA Bostellung Nr
REQUERIMENTS GRADE FINISH
ANFORDERUNGEN WERKSTOFF NR. LIEFERZUSTAND
ASTM-A-240/99;A-480/99;ASME-SA-240/98. ACX 315 V
TP-321 NO.1
TRADE MARK INSPECTOR’S STAMP STEELMAKING PROCESS
HERSTELLERZEICHEN ACESINOX STEMPEL DES SACHVERSTANDIGEN ERSCHMELZUNGSART
A.0.D
CONTENT COIL/BOX DIMENSIONS MARKS | QUANTITY
INHALT BAND/KISTE ABMESSUNGEN MARKE | STUCKZAHL | PROBENR.
THICKNESS WIDTH TENGTH
DICKE BREITE LANGE
i .
KB5483 0405Z1 DA 40,00 1.500,00 3.000,00 35| 2 |o40521
KB5483 040521 DB 40,00 1.500,00 3.000,00 35) 2+ [040521
- )
CHEMICAL ANALYSIS CHEMISCHE ANALYSE (%)
HEAT NO.
SCHMELFE NA c CR MN N NI P s SI TI
REQUIREMENTS
ANFORDERUNGEN 17,00 9,000 :
0.080] 139,00 2,000/ 0.100132,000 10,045 10,030 0,750 10,700
0521 0,024 17,303 1,642 0,015| 9,106 {0,034 |0,001 | 0,410 {0,339
MECHANICAL PROPERTIES MECHANISCHE EIGENSCHAFTEN
coit Ra. Rp 0.2 A50 HRB
PROBE NR § N/MM2 N/MM2 3
REQUIREMENTS
AFORDERUNGEN 515,00{ 205,00 40,00
. 95,00
040521 ar 553,3 306,4 53,1 96,0
S
INTERGRANULAR CORROSION TEST SURFACE AND DIMENSIONAL CONTROL
INTERKRISTALLINE KORROSION TEST BESICHTIGUNG UND MASSKONTROLLE
ASTM-A-262 PRACTICA B SATISFACTORY
Ohna Beanstandung
REMARKS BEMERKUNGEN
Temperatura de hipertemple entre 1050 1100 * C.
t P ® Y [WORK INSPECTOR
WERK SACHVERSTANDIGEN J.A. SIMON
' .
« [N
PALMONES, 29 MAYO 2001

PO.U-STTILRAY
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IS0 9002 Quality System
cortfled by DNV

J

hiied

jaro

Outokumpu Rossija O
P.0. Box p 280 Ia Oy

FIN-02201 Espoo

Product description
Longitudinally laser welded stainless steal pipe
Technical requirements

DIN 17457

INSPECTION CERTIFICATE

EN 10204 3,1.8
17.09.1999

JARO orderfitam

62240

Packing fist/itom

16278/10 80022223/10

Your order v

07.07.99

Marking
Material JA-RO standard nr
“AISI 304[./304 ISl 3041 v

Malting process .

Joint factor 2=1,0 "E+AOD
Product marking
JARO batch d|menszon material DIN 17457 pk1 dehvery condiuon
ant of delivery .
ttem | Quantity Dimenslon Batch number Heat number
010 204,0 m |26X2.,5 3039034 Coul XlSl 304L  2) 839943
: Raw matarial according © 1IDIN 17440 + AD-W2 2)DIN 17441 + AD-W2 -
Chemical composlﬂon (According 1o ) lon_certificat of stoal ufacturer} ' :
ltem |. C (%] 81 [%!] M (9] P [%] S (%] 1 Cr [%) TN %] Mo 1%] Ti (%] N, {%] | Deliv. cond.
010 | 0,023 0;410 . 0,024} 0,001 | 18,30 9,100 0,044 | Tab.6,k2
Tast }es_ulu {Test numbaer endlng with { = iudinally and Y =trangversely}
ltamn | Test no. R o2 1.0 R A . | Technologlcal testa Intergranual cocroglon test
N (N/i’nm INmem® | (%] Hoat treatment
010 [QB08IL! 574 655. 744 41 |Ring expanding test DIN 50914 /Ok
Q5090L 596 678 758 41 DIN 50137 1050°C/water
ftam |Eddy current test - 5(-ray tast i Di fonal Inspection
010 |SEP 1914/1925 DIN 2463 D3/T3
Comments identlfication tast Visual Inspection
Accepted Accepted )
M The requiremants stipulated Inspector's
are compiled with stamp :
\
— Jorma Nasi / Kjell Hag
QUALITY DEPARTMEN .
OY JARC AB :
. Inspector
P.0, Bax 15, FIN-68801 PIBYARSAARY, Finiand An Ouroxuury
Tel 4358 8 7865111, Fax +356 6 Ya:5221 Svanseas Stee,
Domicite: Jakoosad, Firknd. Trade register numbar: 134,670 Cowprr




Mod. 032M - Tic.em. - Piscorza

I

Strada Cxatale 45 bis Trib. Cremona 6861736

26010 Hobeceo d'Oylio /CR) - Htalia R.E.A. Cremona 119060

Tei. \0372) 9801 - Fax 921538 E-Mail = sales.iltagparvedi.it

Cod. Fisc. ¢ P. VA [T 00883010198 Home-page = hitp://www.arvedi.it

SINCERT

UNEEN (0 0002 11500 00787

Enmbind A aiary mvoirin

Besteller:
CUSTOMER

Hersteller:
MANUFACTURER

Priifgegenstand: Lingsnahtgeschweisste Rohre
TEST OBIECT

[

Test certificate TESTNR,
(According to DIN 50049/EN 10204 - Test certificate to % 45 )

1ta: Strada Statale 15 bis

26010 Robeeeo d'Oglio (CRY . Tel. (0372) 9801
.Gilby: Via Dante Sedini, 10

L6039 Sestri Levante (GE) |, Tel. (0185) 482471

Abnahmepriifzeugnis
(gem. DIN 50049 - Bescheinigung tiber Werkstoffprifungen - > 1 )

Prif-N.:

Bestell-Nr.: 1o
ORDERNR.

Werks-Nr.: o7

MILL’S NR.

Ausfithrung: £ on
EXECUTION

Anforderungen:
 ACCORDING TOSTANDARD 1y 5, Werkstoff-Nr.: .
MATERIAL
Werkstoff (Normenzeichnung): 1y
CODE NUMBER (STANDARD DESIGNATION)
Lieferzustand: T et - Priifklasse: 1
DELIVERY CONDITION TEST CLASS
Kennzeichnung:
MARKING Zeichen des Lieferwerkes: 11 7.4
TRADE MARK
Markenbezeichnung: Stempel des Werkssachverstandige:
STEEL GRADE MILL’S INSPECTOR STAMP
Erschmelzungsart: - - 5.0.5.
STEEL MAKING PROCESS oo
=
Umfang der Lieferung:
MATERIAL SPECIFICATION
* Pos. Nr. Stickzahl Meter Cewicht e Y Gegenstand Schmelze Probe-Nr.
llem.nr. | Piecesnr. Meters Weight -‘//&?’ da . Object Hent Specimen-ne
e | 2 P
1 g .

Ergebnis der Priifung: s gqestellten
Robecco d'0glio. den 1578771979
Anlagen 1) Ergebnis der Prufungen
ENCLOSURE

Der Werkssachvarstindige
MILL'S INSPECTOR
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Certificato di Collaudo
Abnahmeprikfungszeugnfs

Test Certificate o ~cr -
sertificat de Contréje LT o
Srme N
DERiZ A

Dedw o : ]
Carmmanme fy

TON =t b geak WA D
TR i R er

e Dt i

T SR e s it

TR0 S oamean
b SChedNreraryer
TOWSING prtog
PO O8 GRT
.

YT,
HIODIN

PRIECPREI

BTSN

T8
gt
N g
- r B
y e
T -




i A e S # A s 8n e BT

CLUTOoRQTNERCTAN

T e e

vty

- ZTOROAGETPOSC
mrAacTRORCK

o

SEET

N 145302

I3 - pmps ] R, .
Zaas 00 scso 1249033083 S e s TTALN TUEAT roCT casmpice <9053
] w M “ 1 ¥zt ~m tm:“wmm...vunm TamINECEd R  EMiFT:
by s | Swaamr | Sobas | HERE RS E seazems! Zorasaes ! ! d :
: j M u. r:...u“;:munqtnu ez, o, Ber xeoiT ..m T m $i m % m H N P “ Cr B3 ¥ ¢ wmolrl g
. . S ¥ i . . »
1 909073 OSXISH1iO XF 8 Er 8 o%usH BT .08 €.421.28 0005 o.au_a $7.8% 1C.17 2.05 £.61 .21 ¢.20 ¢.Er
L 2,82
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Material Certifications for TEL2
Vacuum Vessel
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(1] 3 Q.93

0061 0.65  1.29 0.007 0.oss
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R W N Tl B W ]

,631215/001 1(01)

CEPTUPUKAT KAYUYECTBA INSPECTION CERTIFICATE 3.1.B 7 Date fara
DIN EN 10204 3.1. v 03.11.00
Delivery ackiress AQpec nocTasws
MOSINJSTROYKOMPLEKT OUTOKUMPU ROSSIJA OY
CONSIGNEE CODE 7855 P.0O. BOX 280
PROSPEKT MIRA 42
MOSCOW 02201 ESPOO
RUSSIA SUOMI - FINLAND
Requuements Mo cranzapty S\;;Ci;ge:’a':g;a ‘Your order Baw sarai
ASTM A240-99B ASME SA-240 ED-99+A99 FAX 29.05.00
94462

Praduct Npoaykuma Mark of Manufactures Process Inspector's starnp
Mapka. npon:eoa:tenﬁ O MNpogece AOD MNesars wienexropa
SHEET , STAINLESS STEEL -
Grade Mapka crans Tolerances [lonyckn
TYPE 304
Marking Magreposka Marks O1rpysownan MapruposKa
POLARIT 725 304 2B ASTIL KAPITAL
Line tem Charge-lest No Size Pamepu Quantity Weight Bec Finish
NE n/ny Moasuns | NQ nnasin Konauectso Orgenka
1 5 03299 4 1,0 X 1250 X 2500 MM 406 10210 KG 2B
Chaige no. Chemical composition  Xumuuecksi coctas
N2 nnaskn - R —
C Si Mn P S Cr Ni N
% % | % % % % % o

03289 0,05 0,54 1,69 0,027 0,001 18,2 8,2 0,039

‘a‘é\ﬁ;‘m Mechanical properties MexanniecHne CEORCTBa
vt Wi e | wee | A5 |AS0 Toopnscr
% Ye % B
1 E 293 320 622 73 62 162
A 308 334 631 68 60 160
RP0.2 YIELD STRENGTH
RP1.0 YIELD STRENGTH
RM TENSILE STRENGTH
A5 ELONGATION PROPORT.
A50 ELONGATION GL 50MM
HB30 BRINELL HARDNESS
denmy test KonTpons COOTeeTCTBUA A = Beginning / Hasano
Sizes Pamep £ = £nd / Kowey
Surface [osepxnocts
Test of intergran. conos Tect Ha MEMKIUCTANARINYIO ROPEOAMIC
ASTM 2262 PRACTICE E : OK

We certify thal the above mentioned products comply with
the terms of the order contract.

Mui yaoCTOBEPAEM, WTO YRA3ARHAR BLILUE NPOAYKUNA
CODTBRTCTBYET YCNOBMAM 32K

This tesi cedlificate 1s made by controlled ADP-systern
and is vahd without signature

Aarisih CERTHEHMAT ROATOTOBNEH ABTOMATHHECKONH
CHOTEMO#R COPABOTHN AARHLIX H AEACTBRTEAEH

Gea noanuck.

OUTOKUMPU POLARIT oy

Authorized inspector

Hucnexrop TIMO UPPILA
FIN-95400 Tornio, Finland §TAANLESS STEEL
Tel +358 16 4521 Fax +35R 16 457 80 rtemEes An
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ACERINOX,S.A.

FABRICA DEL CAMPO
DE GIBRALTAR
PALMONES (LOS BARRIOS)

Lo

DIN 150 9002 /
EN 29002 NACH

TENG. (34) -56-629300
FAX . (34)-56-629311
P.0. BOX .83

11370 L.OS BARRIOS (CADIZ)

Abnahmeprifzeugnis B
Inspection Certificate B

Prif - Nr

Inspection No. 125013 / 1

ACCORDING TO

€N 10204 3.1.8.

“Zustimmungsschreiben des TOV Baden vom 21. Februar 1983"
Letter of approval from the TUV Baden dated 21-2-83,

"Laut Schreiben des TUV Baden e.V. vom 26 Juni 1988 wird auf die

Gegenzeichnung verzichtet.”

TOV Baden renounce to the countersignsture according to their letter dete 26-6-89

Besteller - Costumer
000 ASTIL KAPITAL

Aufirags N - our order No.

Bestetiung Nr - your Ordat No.
KE 92

Prifgegenstand - Article

Warkstofl Nr Und Uieferzusiand - Material No. And Condition of Delvery

Technical requirements
DIN 17440 / TRB 100 / AD-2000 -MERKBLATT W2/

BLECH (PLATE) \1.4541 NO.1
Werkstoff- Normbez.Standard - Grade of Material et ~Works Grade Erschmelzungsart - Steelmaking Process
e AwAOD Verfahesn - AQD Process
X6 CrNiTi 18-10 ACX- 315
Anforderungen: Kennzeichnung -Marking

Schmeizennummer - N.* of coil.

W10 EN-10028 B

Surface and dimensions controfied: O.K.
DOer Werkstoff ist best3ndig gegen interkristalline Korrosion gemiiss DIN-50914
The material is resistant to intergranular corrosion test according to DIN-50914

pol
Spectrometricat [dentity test: O.K,

W~ 2handlung: Glihen bei e 1080-1100 oc

Heat treatment:

und mi.. Juft

Zeichen des Lieferwerks Stempel des Sachverstindigen.
Brand of the manufacturer sy Inspector’s stamp 2727 )}
Pos Nt Stickzah! O . Schmelze Nr. Probe Nr.
ftemn No. Quantity Abmessungmr:\mensvons CH:;? :\Jeu, ' Test No.
14 1 306,00 x 1.500,00 x 3.000,00 69B7 26987
i5 2 30,00 x 1.500,00 x 3.000,00 69B7 036987
Chermische Analyse - Chemical Composition
Schmeize Nr.
Heat No. c CR MN NI P s SI TI
Anforderungen 17,000 9,000
Requi . .
eauirements 1 9,080] 19,000 | 2,000} 12,000] 0,045| 0,015] 1,000{ 0,700
69B7 0,029 | 17,449 1,630 9,181 0,031 0,001 0,527 0,344
n  .nanische Eigenschaften - Mechanical Properties  Pr. Temp./T.Temp. 20 °C
Probe Nr. Prob.- Lage Abmessungen h
Tast No Pos. of Test des Probestabs Rm. Rp 0.2 Rp 1.0 AS 150-V $0-V 150-v
Dirn. of specimen N/MM2 N/MM2 N/MM2 % ALOR 1 YALOR 2 ALOR 3
Anforderungen Brefte x Dicke 500,00 205,00 240,00 35,00 55,00 55,00 55,00
Requirements Width x Thickness 730,00
- mm
026987 cCT 40,000 30,00 557,2 273,1 302,3 58,6 255,0 250,0 250,90
0369B7 cT 40,000 30,00 561,4 273,0 303,1 56,9 240,0 225,0 245,0
g und A wrolte wurden gefihet: 0.8 WERKSACHVERST ANDIGER

work Inspector
J. Vaquero

Zeugnis ist per EDV erstelit und ohne Unterschrift gliltig
gemass E-Norm 10204

Paimones.




ACERINOX,S.A.
FABRICA DEL CAMPO
DE GIBRALTAR

i)

INSPECTION CERTIFICATE

PALMONES (LOS BARRIOS) ABNAHMEPRUFZEUGNIS 318
TENO.(34) -56-629300
FAX (M) -56-629311 DIN 50 9002 /
P.0. BOX.83 EN 29002 ACCORDING TO  EN 10204 CERTIFICATE N° 754 1 7 1
11370 L.OS BARRIOS (CADIZ) NACH PRUF Nt
CUSTOMER Our order no. T
BESTELLER Auftrags Nr SE 466
000 ASTIL KAPITAL
Ugreshkaya baza kompektas
MOSCOW RUSSTA Your order no.
Bestellung Nr
REQUERIMENTS GRADE FINISH
ANFORDERUNGEN WERKSTQEE NR. LIEFERZUSTAND
Aisi 321 NO.1
TRADE MARK i INSPECTOR'S STAMP ) STEELMAKING PROCESS
HERSTELLERZEICHEN STEMPEL DES SACHVERSTANDIGEN ERSCHMELZUNGSART
A.0.D.
CONTENT COIL/BOX DIMENSIONS MARKS | QUANTITY
MARKE KZAHL | PROBE NR.
INHALT BAND/KISTE ABMESSUNGEN STV
THICKNESS WIDTH LENGTH
DICKE BREITE LANGE
KR3897 0220V1 BC ©50,00 1.500,00 3.000,00 1 1 lozzo0va
CHEMICAL ANALYSIS CHEMISCHE ANALYSE (%)
HEAT NO. [ CR MN NI P s s1 TI
SCHMELZE NR
REQUIREMENTS 17,00 9,000
ANFORDERUNGEN 0,080 19,009 2,000{ 12,000} 0,045 | 0,030 {1,000 | 0,800
VI 0,030 T I T TS Y, T0T 0,03 T [0, 00T (0,504 | 0,363
MECHANICAL PROPERTIES MECHANISCHE -EIGENSCHAFTEN
coiL o] piliiny RpO7 AoU "y
PROBE NR s N/MM2 N/MM2 %
71>
REQUIREMENTS
ANFORDERUNGEN
UZ20VT oy 5377 253,72 580 8670
INTERGRANULAR CORROSION TEST SURFACE AND DIMENSTONAL CONTROL
INTERKRISTALLINE KORROSION TEST BESICHTIGUNG UND MASSKONTROLLE
SATISFACTORY
Ohne Beanstandung
REMARKS BEMERKUNGEN
WORK INSPECTOR
WERKSACHVERSTANDIGEN J.A. SIMON
8 MAYD 2002
PALMONES,

LAVR SR N AR




ARIE

W




&_)' jaro

certificd by DNV

Qutokumpu Rossija Oy
P.O. Box 280

ISO 8002 Quality System

EN 10204 3.1.B
19.11.1999

JA-RO orderfitem

INSPECTION CERTIFICATE

Packing list/item

. 14822/10 80020307/10
FIN-02201 ESPOQO Your order
07.07.99
Marking
Product description Materiai JA-F
Longitudinally welded stainless steel pipe W 1.4436 41.
Technical requirements
DIN 174587 pkl Malt
Joirnt factor 2=1,0 B4,
Product marking
JARC batch dimension material
Extent of delivery . . S e
Cltem | Quantity Dimension Batch number Stamng ‘materl Heat
010 ) 1.020,0 m :30X2,0 ; 3042906 " Coit 582343 ?8/316!. 914
i ‘ i i | j
i l é : | ;
NS R : — L R
Chem:cal Composnmn (According to_ingpection certificate of steel manufacturer)
Citem T C 1] (%1 ¢ Mn [96] ; P (%] S (%) © Cr %] ' Ni(%l Mo [%] W% TN, I%i
010~ 0, 079 O 550 1,680 0, 030 0,007 ! 16,70 . 10,60 58 0,044

\ f ? : i
{ 0

i i . : i
1 ¢

i
i
i (
i |
|

nem Test no 1 R R : A
{Nlmm 4 [N/mm ]

to10 'Q9901L. 257 | 293 . 589 .
'Q9902L1 300 338 ‘ 599

CiNimed) | 196)

<Tachno|og;cal tests ’ B
61 lng expanding test
59 !DIN 50137

Item Eddy current tcsz
;010 SEP 1914/19825

|
St
R

| X-ray test extension

Commen(s

st

: Identification test
" Accepted

The requirements stipulated
are complied with

- Intergranual corrosion
! Heat treatment
.DIN 50914
110500 C/water

i

'

" Dimensional Inspectior

'DIN 2463 D3/T3

Visual inspect}
Accepted

Insp
stam

RO T e AN T IVIENTTY
Inspeetor




J

b

-
jﬂrg 1SO 9002 Quality System
cortdflad by DNV

Outokumpu Rossija Oy
P.0O. Box 280

FIN-02201 Espoo

Product descrlption

Longitudinally welded stainless steel pipe
Technical raquirements

5S 219711

Joint factor Z=1,0 Inspecta SER6932/97

INSPECTION CERTIFICATE

EN 10204 3.1.B
13.09.1999

JA-RO order/ttam
16238/10

Your order

15,7.1999
Marking

Material
S8 2333-

61530

Packing list/item
80022128/10

JA-RO standard nr

23 /304 41.01.01

Motdng process

E+AOD
Product marking
JARQ batch dimension quahty-23 {corresponding material) ASS NR Z=1,0
Extent of dellvery _. —
Itam | Quantity Dimension Batch number Starting material Heat numbar
010 480,0 m {57X3, 3032140 Coil SS 2333-28 837263
020 8,0 m |57X3,5 3021011 Coil SS 2333-28 814751
Chemlcal composition (According to Inspaction cenificate of steel facturer)
ftam C (%] Si [%]) Ma (%] P (%) § (%] Cr %] NI [%) Mo [%] Ti %} Nz [%] | Daliv. cond,
010} 0,046 0,490 1,660 0,031| 0,002 18,20 | 8,600
020 | 0,047 0,430 1,480} 0,028 ,00 18,10 ,60
me!u_ﬂ_m_rn_.bﬁr mMJMM T =transvergely)

item [ Test no.

Technolagical tests

Intargranual comosion test

WESEE | W | o | o8 Haat treatmaent
010 [ QO0455L 291 329 602 66 |Ring expanding test SS 117105
Qo456L 285 322 601 66 |SS 1126456 1050°C/water
020 |P43891L 460 535 682 51 |Ring expanding tsst SS 117105
P4992L 429 489 668 B4 |SS 112645 1050°C/water
ltem | Eddy current test X~+ay tast axt Di lonal inspacti
010 |SS 114306/E2 Int.+ext. notch 20% surr, trans. DIN 2463 D3/T3
020 |SS 114305/E2 int.+ext. notch 20% surr, trans. DIN 2463 D3/13

F}ommanu

Identification test
Accepted

£

OYJA-RO AB

P.O, Box 15, FIN-88G01 PIETARSAAR!, Finland
Tel +358 6 7865111, Fax +368 6 7865221
Dormiclia: Jskobstad, F4i1and, Trade registar number; 134,870

rma Nasi

The requirements stipulated
are compliad with

Visual Inspection
Actepted

Inspector's
stamp

! Kjell Hagvik

QUALITY DEPARTMENT

inspector

Ax Quroxsey
BranEss Sterd-
Coupany







() jaro

certified by DNV

Outokumpu Rossija Oy
P.O. Box 280

FIN-02201 Espoo

Product description
Longitudinally welded stainless steel pipe
Tachnical requiremants

SS 219711
Joint factor Z=1,0 Inspecta SER693a/97

Product n'-mrkln(j

ISO 8002 Quality Systam

INSPECTION CERTIFICATE

EN 10204 3.1.B
05.03.1999

JA-RO orderfitem

Delivary/itam

41130

11341/20 80015261/20
Your order
02.03.1999
Marking
Material JA-RO standard nr

SS 2333-23/304 42.01.01

Maelting process

E+AOD

JARO batch dimension quality-23 {corresponding material) ASS NR Z=1,0

Extent of delivery

010

SS 114305/E2 int. +ext. notch 20% surr. trans.

DIN 2463 D3/T3

Item | Quantity Dimension Batch number Starting material Heat number
010 880,3 m {76,1X3,6 3018199 Coil gS 2333-28 758196
Chemical composition {According to inspection certificate of steel manufacturer)
Item C 1%} St {%] Mn {%] P %] S (%] Cr {%] Ni %] Mo [%] Ti {%] N, [%] | Deliv. cond.:
010 | 0,037} 0,430 1,490| 0,029 | 0,009 . 8,600 .
Test results (Test number ending with L =longitudinally and T = transversely)
Item |Test no. R R A Technological tests intergranual corrosion test
p0.2, p1.04 m 5
[N/mm®] | INfmm ] | IN/fmm?) {%] Heat treatment
010 |P3261L 427 481 674 52 [Ring expanding test SS 1171056
P3262L 424 481 672 52 |SS 112645
i
i
1
item |Eddy current test X-ray test extensi Di lonal inspection

Comments

OY JA-RO AB

P.O. Box 15, FIN68601 PIETARSAARY, Finland
Tel +358 6 7865111, Fax +358 8 7865221

Identification test
Accepted

Visual inspection

Accepted

The requirements stipulated Inspoctor's

are complied with stamp
Jorma Nasi / Klell Hagvik

QUALITY DEPARTMENT

Inspector A OuToxUMPY

STAINLESS STEEL
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Relief Valve Information
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COLY

J 3 DUFFY

St le of Ve onin

VA LAOLLER WEST

= C. H VALTERS
: S:ate of Giegon

k L’C""I'{CI‘.SRF‘Y Ty D. R GALLUP, Past Chzicmaan
R AR e Spanglicid, thinois

September 20, 1982

Fermi National
Accelerator Laboratory
Mr. Tom Peterson

P. 0. Box 500

Batavia IL 60510

SUBJECT: Experimental Testing
Dear Mr. Peterson:

On September 1, 1982, tests were conducted at the National Board Testing
Laboratory for the purpose of obtaining experimental fiow information
for an Energy Doubler-Relief Valve. This test was conducted with air

as the test medium. Enclosed is a copy of the test results, reported

as test number 7991A. '

This flow test was conducted at 150 psig and a coefficient of discharge
of .925 vas determined, wusing a discharge area of .668 sq. inches.

We hope this information will be of value to you in your work.

Yours truly, .

s —e
~fle.. -7

//f/ R '/‘17"
S. F. HarrisonK/Br.
Director, Safety Valve Department

J¥B/cm

Enclosure

Trovince of Poeze Tde 202 ¥etar

G




Model Number Selection for Type 81 —G Orifice

Gas Valve Model G In\::':vxe(iﬁ:zt Orifice Area
81 112" x 2" in2-0.503 cm? - 3.25
Valve Inlet Valve Outlet Oid Current
Valve Size Valve Body Valve Valve
Inlet x Outlet Material Max. Set Pressure’ | Connection | Connection|  podel Model
psig barg Type? Type? Number Number
Carbon Steel 285 19.6 150 150 8105G152 81CS12A16A-G
Stainless Steel 275 19.0 150 150 8105G152/S | 81SS12A16A-G
Carbon Steel 740 51.1 300 150 8110G152 81CS12B16A-G
Stainless Steel 720 49.7 300 150 8110G152/S | 81SS12B16A-G
Carbon Steel 1,480 102.1 600 150 8112G152 81CS12C16A-G
Stainless Steel 1,440 99.3 600 150 8112G152/5 815S12C16A-G
{1ty 2" Carbon Steel 2,220 153.3 900 150 8114G152 81CS12D16A-G
Stainless Steel 2,160 148.9 900 150 8114G152/S | 818512D16A-G
Carbon Steel 2,570 177.2 1500 150 8116G152 81CS12E16A-G
Stainless Steel 2,570 177.2 1500 150 8116G152/S | 81SS12E16A-G
Carbon Steel 2,570 177.2 FNPT3 FNPT3 81C1216-G | 81CF1216-G
Stainless Steel 2,570 177.2 FNPT3 FNPT 3 81S1216-G | 81SF1216-G
Brass 2,570 177.2 FNPT 3 FNPT 3 81B1216-G | 81BF1216-G

1 Normal minimum set pressure for Type 81 is 50 psig (3.4 barg); maximums as listed herein are valid for standard material at E
100°F (38°C). Factory selection is usually made for seat material. Also see seat material pressure rating table on page 16 for '
additional details.

2 All flanges are ANSI standard unless otherwise specified. Other flange standards such as DIN or ISO PN are aiso available on
special request.

3 Threaded connection: FNPT (Female National Pipe Thread).

Note: The Type 81 is not balanced against back pressure; therefore, the maximum recommended built-up back pressure should
not exceed 10% of set pressure, per industry practice for conventional valves.

68




Types 81 and 83 Capacities - SCFM Air - National Board Certified
60°F, Z = 1.00; 10% Overpressure or 3 psi (whichever is greater)

Set pressure -4 -8 -8 F H -
. 0.049 in? 0.110in 0.196 in? 0.307 in2 0.785 in? 1.287 in?
pstg (0.32 cm?)| (0.71 cy?) | (1.26 cm?) | (1.98 cm?) (5.06 cm?) | (8.30 cm?)
20 o8 | 62 111 173 284 443 726
40 43 97 172 270 442 689 1130
60 59 133 237 371 607 948 1554
80 75 169 301 472 773 1206 1997
100 91 205 366 573 938 1464 2401
120 108 241 430 674 1104 1723 2824
140 124 278 495 775 1269 1981 3248
160 140 314 559 876 1435 2239 3671
180 156 350 624 977 1600 2498 4095
200 172 386 688 1078 1766 2756 4518
0 204 459 817 1280 | (209D 3273 5365
280 237 531 946 1482 2428 3789 6212
300 253 567 1011 1583 2594 4048 6636
340 285 640 1140 1785 2925 4564 7483
380 317 712 1269 1987 3256 5081 8330
400 333 748 1333 2088 3421 5339 8754
440 366 821 1462 2290 3752 5856 9601
480 398 893 1591 2492 4083 6373 10,448
500 414 929 1656 2593 4249 6631 10,871
600 495 1110 1978 3098 5076 7922 12,089
700 575 1291 2301 3603 5904 9214 15,106
800 656 1472 2623 4109 6732 10,506 17,224
900 736 1653 2946 4614 7559 11,797 19,342
1000 817 1834 3268 5119 8387 13,089 21,459
1500 1220 2739 4881 7645 12,525 19,547 32,048
2000 1623 3644 6493 10,170 16,663 26,006 —
2500 2026 4549 8106 12,696 20,802 32,464 —
3000 2430 5454 9718 15,222 — — —
4000 3236 7264 12,943 20,273 — — —
5000 4042 9074 16,168 — — — —
6000 4848 10,884 19,393 — — — —
7000 5655 12,694 — — — — —
8000 6461 14,504 — — — — —
9000 7267 16,314 — — — — —
10,000 8073 — — — — — —

Metric Conversions:  psig = bargx 145
SCFM = Nm3/hrx 1.608
°F = (°C +17.78)1.8

AT O A R RS 1 £ 07

38
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Types 81, 83, 86 and 81P Materials of Construction

Orifice Sizes F through J

“Selection

81P Seat 83 Seat (o-ring) 81 & 86 Seat
(plastic) (plastic)

10




Drawings of TEL2 Solenoid
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Welder Certifications for TEL2
Solenoid






; ARSI Ty

< ey

oy

POCCHITCKAST OEJIEP AT
RUSSIAN FEDERATION

HATITOHAJILITLT /\'r'nc(r'r/\qu()mu,m
KOMHTET 11O CBAPOUHONY
i HPOIBOJCTRY (HAKCO)

T e
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Tonosnoii anumecmayuonnotii yenmp Mockosckozo pezuona Hayuonansiiozo
anunecmAayUoNoz0 KOMUNEna 1o ceapoiioy npouseodcmey (ALl MP HAKC)

NPOTOKOJI
Ne TIP2-4676/MP-I'ALL_ ot 8 pexabps 2003 r.

peiueHus ATTECTAMOHHOM KOMUCCHH IO 3asmlcc—xouaTaiic1‘By O NpPOojJICHHHK CpoOKa
nei‘wrmm arrecTagHounoro yll()CTOBCpCHHﬂ cBapUHKa.

CocTaB aTTeCTALMOHHON KOMUCCHH!
Ipedcedamerny KoMuccuu:

cneyuanucm 1V yposus Heposnuiu B.M

Ynenvt KoMuccuu: z

cneyuanucm 1V ypogiis Poibauyx AM.

cneyuanucm 1V ypogua _Eedoxumosa AA..

Ipedcmasumesiv 1 vceopmexnadizopa Poccull. 21agrbl it cocyOapcmeenibli uCeKnop

Llenvisrog A.A.

Buo _ammecmanuu: npoonenue
1.Cpejienins 0 cBapmuKe :
t
1.1 damunus, UM, OTHECTBO Ilexanes Bacunuii Apkadvesuy - #:J
1.2 I"on poxaeHus 1953
1.3 O6pazoBaHue M CNEHHAIBHOCTD Cpedunee- mexnuieckoe.
AEKINPOLAZOCEAPUIUK B
1.4. | Mecro pabotsl @I'YII THI P@ Hucmumym gusuxu
GLICOKUX IHEPZUL .
1.5. | Crax paboThl O cBapKe 19 nem i
1.7 KpanudukaunoHHbli pa3psaa v 7 pazpsio, 1 yposeno
yposenb 1o CACs ‘ B
1.8 Hokymentsi, nogrsepxaatowne | Hpomoxon Ne 1283 om 28.12.00 2.
MEePBUYHYIO ATTCCTALMIO Voocmosepenue Ne MP-T'AL-I- 1283, cpok
oelicmeus 0o 28.12.02 2.
IIpomoxon Ne 4676 om 28.12.02
Voocmosepenue Ne MP-I'AL]- I-4676 , cpox
npodaen 0o 27.12.03 2.

z.ﬂ()l(yMCll'l'bh HPCACTABJICHUILIC 2\'1"1’0("!‘3llll()llll()ii KOMHCCHH O HPORJICHIH

CPOKaA NEHCTBUS ATTCCTANNI

2.1 3aapxa-xoparadcrso Ne 490-08/31 or 14 11.03 r.
2.2, TMopnuunuk arrecralgonioro ypocronepeiis Noe MP-I"ALL-1-4676 | cpox neitcraus

npojiien 27.12.03 r.

2.3. Konust MeaHUHHCKOTO 3aKOUCHHS ob OTCYTCTBHH HPOTHBOHOKBBBHHlui JUis pﬂG()TM

CBAPUIHKOM.

2.4. Mitoropas cripaBka 0 Ka4ecTBe CBapoutbix pabor




2.5. 3agepenas Bpinucka (Konus) u3 TPYHOBOil KHIKKH, TIOITBEPIKAAIONIA CTAK paboTit 1o
cBapxe.

3. 3aK/II0ueHHe ATTCCTANHONHOI KOMICCHH
3.1. Ha ocHOBaHHM . pacCMOTpEHHA sasBKu-xoaaTaiictea Ne 490-08/31 or 14 11. 03 r.
.[IpOTOKOJIA nepsuuHoii arrecrauun Ne 1283 ot 28.12.00 r., cripaBKy O Ka4€CTBE BLIMOIHE-
HUsl CBAPOUHBIX PaboT NPOASNTE BTOPHUYHO CPOK JIeHCTBUS aTTECTALHOHHOIO YAOCTOBEpEHHA
Ne MP-I'ALL-I- 4676 ot 28.12.02 r. cpapuuka Illexanesa B.A. na oaun roj o 27.12.04 r.
3.2. fonycruts ceapiumka lllekanesa B.A. x pyuHOH aproHoJiyroBoii CBapKe HeMIaBAIHMCH
3NETPOJIOM CJIEAYIOLIMX OTACHbIX TEXHHHCCKHX yCTPOIiCTB, MOAKOHTPOSIbHBIX ['ocropTeX-
najsopy Poccuu:
- Komensioe obopydosaiue
3 3. YeTaHOBHTS CIIEAYIONLYI0 061aCTh PAacpOCTPaHEHHS aTTECTALNH (naThiCcKHM HIpHGTOM
npHBejieHbl 0003HaUCHHS COMIACHO esporieiickoil knaccuduKaimm)
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/ pacnpocTpaHeHrus
aTtTecrauuv

Cnocob ceapku

PAJI(141)

Bup peranen

NA+T.T{P,P+T,T]

Tunbl LWIBOB

Cul,yul [BW,FW]

pynna ceapmsaemoro
maTtepuana

MOT, MI1 [WO01, W11]

ﬂpmca}qoqubm matepuan
VAW NOKpbITHE arexkTpoaa

MOT, M11 [WO1, W11]

TonuuHa geranemn, Mm

3,0-16,0 (MO1)
3,0-20,0 (M11)

HapyxHbi aMameTp, Mm

Ot 25 no 266 (MO1)

Ot 25 u Boinie (M11)
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