MANUFACTURING REPORT

MANUFACTURER . Hoefnagel & Meijn B.V.
MANUFACTURER ORDER No, 10.345
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CLIENT ORDER No. - 43090
PURCHASER : .
PURCHASE ORDER No. Do-
NoBo Lloyd's Register
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DRAWING No. - 40030-ME-00074
CONTENTS

L) J— Product inspection plan

2) Declaration of conformity

3) Hazard analysis |

4) Manual for pressure vessels

) R— Strength calculation

6) List of certified materials

7) e Material certificates

8) - Welding key

9 Weldingdocuments
10) - N.D.E. report and sketch
L ) J— Qualification of N.D.E. personnel
L) — Out of roundness certificate
LIC) — Hydraulic pressure test and/or pneumatic leaktest certificate
14) Copy of nameplate
L3) I— Design appraisel document (D.AD.)
16) Drawings and other documents

. kiwa

. gecertificeerd




L0-SPE0L-d

318vJI7ddV LON = VN SSINLIM = M NOILD3dSNI WOANVY = Iy M3IIATH =Y 1NIOd QTOH = H
VN VN - Buimeiq 7 apoo pasn Juswieayy lesH| Z1L
N Mwﬁ o LO-S¥E 0L-M b-282 N3 (DdM) uoyeoyiiend g siepm| L1 X
a iw
}S| £ iy ) s | LO-GPE0L-M L-¥19G61 OSI-N3 (YOd) 08y uoneoyend vo1g| 0} X
o
& O
VN 22 WN VN - N3-NaN (SdMm) "0ads -o0id Bupiom| 6
N ‘_N o a %Jd H $ajeoyilen ¢y dO leuaiew mc_vtmE-oW_ Q X
S| »ngw S| sejeoynIe) £0Z0L N3 s8jeoynied euslep| £ X
Iy o \hﬂq«ﬂ | LO-SHE01-D 9po2 pasn feusiew payias joisiy| o X
VN a VN .M?d M - L€ dd [eldlew panigosy uooadsu)| ¢ X
1S
H H H Méé H L¥000-3N-0E00Y 9po2 pasn uolie|nojes ybusigi X
H 1 4 T LO-SHE 0L-NYI 033/26¢/68 enuewsesn] ¢ | x
H H Ry L0-SE0L-VH aad sisleue prezep| z | x
H H &.%m H ¥2000-3IN-0£00¥ L2 dd Isipied pue Bumesg| | X
AN W8H SINIWNDOOA ONIAFIYIA | WHON / 34NA300¥d | 1NOId NOILO3IdSNI NOILdI¥OS3a ldals “1ddVv
- "ON J8pJQ aseyoind . £21/808: "ON J8pJO ogoN
- Jsseyoind J9)sibay s,phoT : OodoN
060EY - "ON J9pJ0 uaD 0002 dvaoo: 8p02 pasn
NS JayyiN : jusio O ainpon
" : KiobBajen
09¢-4: 'ON Way) SYe0L:  "ON JoplQ Jainjoejnuepy
dOL1VINWNDIVY 20D SWeN A g ullsiy 3 [ebeujeoy : JaJnjoejnuey

NVId NOLLDAJSNI .LDNAOYd ‘A']q NITHIA % TADVNAAOH




10-G¥€0l-d

378Vv2I1ddV 1ON = VN SS3NLIM =M NOILO3dSNI WOANVY = Iy M3IASY =Y INIOd QTOH =H
Y| by - uejd uonosdsu; 1onpoud Hodal Buunpejnuep! pz X
1 \Q@ o - JuslD 09ds / 6 dd Jusuneasy soeung| ¢z X
Y \Q%@ Y slejdaweu Jo Ado a3d elep sjejdowen| zz X
VN VN - €Y dd 1Sapfes) oewnsud| Lz
B3 \gm\, H L0-S¥€'0L-1d d3d/zv dd 159} 8unssaud ofnespAn| 0z X
Iy g A SN Bume.g Bumesg suoisuawiqg|{ 61 X
iy V%Q S| - 8po0d pasn uonoadsui jeuleixg| gL X
I h«g H - 3P0 pasn uonoadsui feussiyy] 7} X
I 3 I - Bumeuq peaIy) @ seoeuns 1ayseq| g X
| | \N&@ H uswinoog gLy a3ad lduuosiad '3q'N jo uoneoyiienp| <y X
VN VN VN - aJnpadoud g1y BUI0 "I'a'N| L
£

Iy ¥ bS] N .* m_ i Modey '3 a'N ainpaooud gy uofieuiwexs oidyeiboipey “I'ANI €L X

INIITO OgON N8H SININNDOA ONIAHIMIA | WHON / 3dNAI00¥Ud | INOId NOILOIdSNI NOILdIYDS3q d31S| Iddy

- "ON J2pJQ 9seyding 1217808 "ON J8piQ ogoN

- Jsseyoind 1a)sibay s,phop : OgON

060¢t - "ON J8pJO Wsi1D 0002 dv@oD: 8p00 pasn

mnmusur JeyyIN : sln 9: sjnpopy

e KioBajen

0924 ‘ON wa)y GPE0L - "oNuJopIO Jaunpoeinuepy

AOLVINNNDIY 209D : aweN ‘A'g ullon » jebeujoo : Jaimoeinuepy

NVId NOLLOHAJSNI LONAO¥] A NITIN » TAOVNATOH




DECLARATION OF CONFORMITY

according to Directive 97/23/EC
for a pressure vessel
The manufacturer
Hoefnagel & Meijn B.V.

herewith declares, that the pressure equipment

Name . CO2 ACCUMULATOR
ltem No. . F-260
Shell Cail

Max aliowable pressure (PS) . 6/110 1/16 Bar
Allowable min./max. temperature (TS) . -50/35 -47/35 °C
Test pressure (PT) . 157 23 Bar
Test fluid . Water Water

- Volume (V) . 27,3 1 Ltr.
Year of manufacturing . 2010

corresponds to the Pressure Equipment Directive 97/23/EC

Safety hazard category o

Applied conformity assessment procedure G

Applied standards and technical specifications . CODAP 2000
Other appleid EC-Directives . 2006/42/EG
Engaged notified bodies

Surveillance of the QS-System : KiwaN.V.
Examination / inspections / test during manufacturing : Lloyd's Register

Notified Body 0038

Notified Body order no. . 8087127
Client - Nikhef Instituut
Client order no. . 43090
Purchaser To-

Purchase order no. -

Issued by :  Hoefnagel & Meijn B.V.

Manufacturer order no. : 10.345 P

Name : B. van Westerop E ”’Wg:j
Position . Engineer i
Place . Zaandam

Date of Issue . 01 september 2010

D-10.345-01
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MANUAL FOR PRESSURE VESSELS

Description

Manufacturer's number 10.345
Identification number F-260
State of content . Gas
Fluid group D2

Safety hazard category o
Conformity assessment procedure : G
Design code : CODAP 2000

The vessel is in compliance with the European Pressure
Equipment Directive 97/23/ CE.

For all relevant information refer to the following

documents:

- Drawing / Part list 40030-ME-00074

- Hazard analysis : HA-10.345-01
- Strength calculation : 40030-ME-00041
- Product inspection plan P-10.345-01

Instructions

These instructions are to be taken into account during the
entire lifetime of the vessel, instatation, prior to use and during
use. This concerns handling, storage, installation, connection,
putting into service, usage, maintenance, dismantling.

During the entire lifetime observe and comply with the
standardising and prescribed requirements in force in the
country of use of the equipment.

CE conformity is valid only when the vessel is operated within
the conditions stated in these instructions. If a certain case is
not met by these instructions, the manufacturer needs to be
consulted.

The user shall provide his employees with an appropriate
instructions and/or training on basis of these instructions prior
to instailation and use of the vessel.

Handling

The vessel needs to be handled with care to avoid impacts able
to locally warp or destroy the capacity.

For transport and handling, it is recommended to keep in place
the protective elements of the flanges and/or other end pieces
of the manufacturer.

During transport, the vessels need to be secured to a pallet or
an element adapted to avoid impacts or shocks.

The vessel needs to be hoisted only on its lifting lugs. If not
present, a rope around the body and/or flanged nozzles shall
be used.

Installation

During installation and before putting into service, visually
check that the vessel has not suffered damage, mainly
concerning those portions used for connection (nozzles).

IMPORTANT:
THIS IS A PRESSURE VESSEL. DISREGARDING THESE INSTRUCTIONS MAY
ENDANGER THE SECURITY OF THE GOODS AND SAFETY OF PERSONS.

To preserve the quality of your products from the time of delivery and
throughout their use in the best possible safety conditions, we advise
carefully reading this manual and strictly follow its recommendations.

Itis prohibited to add parts to the pressure containing parts of
the vessel by means of weld, piercing or any operation creating
a material removal, or compromise the mechanical strength
otherwise.

The vessel must not be subjected to miscellaneous external
loads: earthquakes - wind — snow — ice ~ support reactions —
pipe work. The vessel is not specifically designed to resist the
action of flames. Subsequentty no fire certification can be
affixed. The vessel cannot be subjected to flames.

Use

Ascertain that the vessei does not exceed the design
conditions (e.g. pressureftemperature rating, fluid properties).
The vessel must be protected against exceeding the design
conditions on basis of user’s own Risk Analysis, in conformity
with the guidelines of the Pressure Equipment Directive
97/23/CE.

The actual pressure needs to be clearly displayed in the direct
neighborhood of the vessel.

Ascertain that the vessel has not deteriorated (corrosion —
abrasion — erosion — other forms of degradation, both internal
and external} via a loss of thickness below the required
minimum.

Carry out periodical checks according to current statutory
requirements in the country of use of the equipment and to
properly guarantee that the minimum mechanical strength
and/or wall thickness is assured at all time.

In addition regularly check that the vessel does not show any
sign of deterioration: distortion — crack - leak.

Maintenance - dismantling

Prior to any maintenance or dismantling operation concerning
the vessel, drain the pressure circuits and make sure there is
no residual pressure inside the vessel.

When replacing parts, the user, in order to retain the "CE"
certification, must use original spare parts and take action in
accordance with the instructions of the manufacturer. In cases
not covered by the manual, the user needs to ask the
manufacturer for instructions concerning intervention.

Marking

Marking is made on a stainless steel plate mounted on the
vessel as per Pressure Equipment Directive.

The user must not modify the marking carried out on the
original nameplate in case of additional marking (special
indications, re-test during inspections...). This must be carried
out on a separate plate, i.e. not on the original nameplate.
The markings on the stainless steel plates shall be carried out
by etching or stamping (indelible markings).

MAN-10.345-01
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1. GENERAL DESCRIPTION

RRNNRANY
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Figure 1, Crossing of the accunulator pressure vessel with two cooling enils fnside (ength i not 1o sealel

Figure 1 shows the crossing of the accumulator. The accumulator will be used in a mechanically

pumped CO; loop which can cool a detector by evaporating low quality CO,.

The accumulator will be part of the CO, test stand located at CERN (Laboratoire européen pour la

physique des particules) Geneve, Suise, Site de Meyrin, batiment 158.
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1.1 Description of the CO2 test stand

The CO, cooling test stand is designed to cool cooling channel with evaporating CO, at a given pressure.
Figure 2 shows the schematic of the test stand.

Accumulator with
cooling and heating

Cooling
channe!

y
7 %

Heater Restrictor

) Condenser
Chiller Purmnp

FIGURE 2 SIMPLIFIED SCHEMATICS OF TRE COZ TESY 5TAND

The main elements are:

e A chiller which provides cooling power to the condenser and the accumulator. It sub-cools outlet of
the condenser down to -25°C to ensure liquid pump proper operation. In second branch by cooling
down the fluid inside accumulator it sets the evaporation pressure.

The experiment structure which has to be cooled down and temperature controlled.

2-phase accumulator with cooling and heating element controlling evaporation temperature.

Liquid membrane pump to ensure CO, circulation

Condenser

Heat exchanger

Heater to set up desired vapor quality before cooling channel

Cooling cycle in the pressure-enthalpy diagram is presented on figure 3, only the pressures and the
absorbed energy changes.
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FIGUre 3 TEST STAND OPERATION IN THE P-H pracram or €O,

The state points 4, 5, 6 and 1 are at the same pressure (horizontal line in the P-H diagram). This pressure
is controlled by the accumulator which is mounted at the inlet of the condenser. When state points (4-5)
are located in the 2-phase region (isotherms run horizontally) the evaporation temperature is controlled
directly by accumulator. The liquid pump increases pressure towards point 2. Some enthalpy is also added
due to the applied work and energy losses of the pump. Therefore point 2 is diagonally right to the point
1. The cold liquid from the pump need to be adjusted to the desired enthalpy before it can be injected into
the experiment. Heater provides the energy to come to point 3’. The expansion from point 3’ to point 4’ is
adiabatic, this means that the enthalpy stays the same (there is no interaction with the environment) and
only the pressure is reduced.

Thus for controlling the inlet condition of the cooling channel three parameters have to be set:

1) the evaporation temperature by setting the appropriate saturation pressure in the accumulator
2) the vapor quality by controlling the heater (between point 3 and 3’ (Fig.3)
3) mass flow by setting it up on the pump

The sub cooling accomplished by chiller must be sufficient to ensure that CO, is well within the liquid
area. When point 3 (Fig.3) is in the liquid area the enthalpy can be derived from the measurement of

pressure and temperature.
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1.2 Accumulator control

The accumulator controls the pressure of itself and indirectly the pressure of state point 4, 5, 6
and 1 (Fig.3). The cooling channel and condenser temperature are derived from this pressure as
they encounter normally a two-phase flow. When the loop is operated in single phase flow, the
temperature is not depending on the pressure anymore. The accumulator always contains a liquid
and vapor mixture. A heating action is increasing the pressure; a cooling action is decreasing the

pressure.

The process diagram is given in appendix I

1.3 Operating conditions

The load of the system is determined by the pressure of CO, which is related to the temperature. The
system is operated at temperatures between +30 and -50 degrees Celsius. Typical pressure in the CO;
system is 10-75 bar. For the shutdown of the test stand all of the liquid in the cooling loop needs to
be stored inside the accumulator. The pressure in the accumulator with all the liquid stored can reach
110 bar at 35 °C. This is the maximum allowable pressure at the max. allowable temperature.

The accumulator is protected by means of a certified class IV proportional relief valve set at 110 bar

to be mounted on top of the accumulator (see appendix II).

SAFETY ANALYSIS CO; ACCUMULATOR CERN



2. DEFINING PED CATEGORY AND MODULE

The Pressure Equipment Directive (97/23/EC) was adopted by the European Parliament and the
European Council in May 1997. The PED lays down requirements for the design and manufacture of
pressure equipment and assemblies with a maximum allowable pressure greater than 0.5 bar gauge
(1.5 bar absolute).

Pressure equipment: Pressure vessel

Media: Carbon dioxide (CO,)

Group: Non dangerous media

Phase: Gas

Vessel volume: V=Velume__., — Volume_,, = 2872 — 1.46 = 27.26 Liter
Design Pressure: PS =110 bar

PS -V =2998.6 [bar - ]

Tabiz 1. Defining the PED category for non daagereus gasses. The red Unes Indicate the accumulator properties,

10 000 — @

3000

1000

200
110 0%

o 0| Articel 3
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Following Table 1, the accumulator vessel must be classified in category 111
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The following modules are available: B1+D, B1+F, B+E, B+C1, H

Since the P§ -¥ is very close to 3000, a conformity assessment is requested to follow module G

(EC unit verification) in consult with the notified body LRQA.

Table 2. The contents of the Module G (B unit verification’
i

Module | Descripton

G 1. This module describes the procedure whereby the manufacturer ensures
and declares that pressure equipment which has been issued with the
certificate referred to in section 4.1 satisfies the requirements of the
Directive which apply to it. The manufacturer must affix the CE marking
to the pressure equipment and draw up a declaration of conformity.

2. The manufacturer must apply to a notified body of his choice for unit
verification.

The application must contain:

the name and address of the manufacturer and the location of the pressure equipment,

a written declaration to the effect that a similar application has not been lodged with another notified
body,
®  technical documentation.

3. The technical documentation must enable the conformity of the pressure
equipment with the requirements of the Directive which apply to it to be
assessed and the design, manufacture and operation of the pressure
equipment to be understood.

The technical documentation must contain:

®  ageneral description of the pressure equipment,

®  conceptual design and manufacturing drawings and diagrams of components, sub-assemblies,
circuits, etc.

®  descriptions and explanations necessary for an understanding of the said drawings and diagrams and
the operation of the pressure equipment,

e alist of the standards referred to in Article 3, applied in full or in part, and descriptions of the
solutions adopted to meet the essential requirements of the Directive where the standards referred to

in Article 5 have not been applied.
® results of design calculations made, examinations carried out, etc.,

®  tests reports,
®  appropriate details relating to the approval of the manufacturing and test procedures and of the
qualifications or approvals of the personnel concerned in accordance with sections 3.1.2 and 3.1.3 of

4. The notified body must examine the design and construction of each
item of pressure equipment and during manufacture perform appropriate
tests as set out in the relevant standard(s) referred to in Article 5 of the
Directive, or equivalent examinations and tests, to ensure its conformity

SAFETY ANALYSIS COz ACCUMULATOR CERN



with the requirements of the Directive which apply to it.

In particular the notified body must:

examine the technical documentation with respect to the design and the manufacturing procedures,

assess the materials used where these are not in conformity with the relevant harmonized standards
or with a European approval for pressure equipment materials, and check the certificate issued by the
material manufacturer in accordance with section 4.3 of Annex I,

®  approve the procedures for the permanent joining of parts or check that they have been previously
approved in accordance with section 3.1.2 of Apnex I,

verify the qualifications or approvals required under sections 3.1.2 and 3.1.3 of Annex I,

carry out the final inspection referred to in section 3.2.1 of Annex I, perform or have performed the
proof test referred to in section 3.2.2 of Annex I, and examine the safety devices, if applicable.

4.1. The notified body must affix its identification number or have it
affixed to the pressure equipment and draw up a certificate of conformity
for the tests carried out. This certificate must be kept for a period of ten
years.

4.2. The manufacturer, or his authorized representative established within
the Community, must ensure that the declaration of conformity and
certificate of conformity issued by the notified body can be made available
on request.

SAFETY ANALYSIS COz ACCUMULATOR CERN
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3. CALCULATIONS (FINITE ELEMENT ANALYSIS)

Finite element analyses are done for the accumulator, reinforced plates and damper to investigate the
expected stresses and deformations. The French construction code for pressure apparatus (CODAP)

is used to verify the stresses.

Following the chosen construction class B and welding coefficient z=0.7, the stress limits according

to CODAP are:

¢ Global zones: f=h= %‘n;
e Weld regions: w o E‘ﬁ“
e Peak regions: fo=15f;

o Peak/Weld regions: f,. =15 -f,

Finite element analyses are done with the finite element analysis module of Ideas ™.
Results of the stress analysis are presented in terms of von Mises equivalent stress. In addition the
calculated deformations from the stress analysis are presented. The quality of the FEA is verified

using the strain energy error norm. A value below 7% is recommended by the IDEAS™ software.

Y

)

|

|
}

W

T

Figure 4, the accumulator pressure vessel with two couling colls inside tength is not fo scale}

The accumulator is a stainless steel pressure vessel with a volume of 28.7 liter. Inside this vessel are
two coils welded to the bottom part of the vessel. The accumulator vessel consists of three welded
parts together. These welds are at the position where stresses are minimal and are full penetrating

preventing a weakening of the structure. The drawing in Appendix III shows detailed engineering

information.

11
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3.1 Operational conditions

1/8 of the pressure vessel is modeled, as the vessel is symmetric about YZ and XY, see also Figure 5
-22.

Figure 8. Fipite Element Mode!l with symmetry constraing and a pressurve load of 110 Bar

Figure 6. V8 part is modeled

The load of the accumulator is 110 Bar (11 MPa). This is determined by the relief valve which opens
at 110 Bar. The operational temperature of the accumulator varies between -50...35 degrees Celsius.

All the parts of this vessel are connected in such a way that thermal effects have no effect on the

12
SAFETY ANALYSIS COz ACCUMULATOR CERN



load. Also the support of this vessel is designed in such a way that thermal expansion does not induce
stresses in the vessel. All loads are applied without any safety factors. The FEA model is built up
from 3D solid parabolic tetrahedron.

3.2 Material
The accumulators are made from AISI 316L TYPE X2CrNiMo17-12-2 (1.4404). The material has
been selected based on the corrosion requirements and the welding ability of the material. A

summary of the mechanical properties is given in Table 3

Table 3. Properties AIST316L.020-257C)

Tensile strength Ry, [MPa] | min. 585
Yield strength R, 02% [MPa] | min. 260
Young’s modulus E [GPa] | min. 200
Density o [g/cm’] 7.85
Poisons ratio 0.30
Elongation at break AS [%] | min. 40

Brinell hardness HB max. 180

The stress limits according to CODAP are:

: =f = BEm = E28 = I F
e Global zones: f=5 . 150 MPa
. T Ry _ @.7.538
e Weld regions: fo= 2= — = 105 MPa
e Peak regions: fo =15 - f; =15 150 = 225 MPa

e Peak/Weld regions:  fy,, = 1.5 - f. = 1.5 - 105 = 157 MPa

13
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3.3 Calculation accumulator tube

Design Pressure: P§ =110 bar = 11 MPa

Inside diameter: D, = 154 mm
Outside diameter: D, =168mm
Wall thickness: t=7mm

The vessel can be considered as thin-walled vessel because the Dy/t ratio ( 154/7=22) is higher than
10 (often cited as 20).

F  PS-D; 11-154
Radial (Hoop) stress: &F,. = — = —— =121 MPa

A 2-t 27

F PS.Dy,° 111542
Axial stress: Tg = - = " 2 T = " — = 57.8 MPa

A By "= By, 168 154>
Equivalent stress g, = Jﬂ?,z + 'Ga_jz = 134 MPa

14
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Stress and deformation analysis
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Figure 14, Deformation resuly of the accumulator. Mux = 6.07 mm

Figure 12, Detmil deformation inside accumulotor
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Figure 13, “Sein enorgy ervor norm " of the accumaiaror (0.3%)

4. ANALYSIS RESULT.

The results are compared with the requirements defined by the CODAP. The limitations of the

analysis are presented, and the compliance with the code is verified.

Assuming only the tube, calculation shows that the expected stress (134 MPa) is well below the
acceptable values of 150 MPa. Finite element analysis also shows that the general stresses in the
accumulator are well below the acceptable value. Stresses in the weld regions (max 90MPa) are
below the CODAP limit of 105 MPa. The stress peaks (142 MPa) in the comners of the coil
connections are far well below the acceptable peak value of 225 MPa.

The global value for the strain energy error norm in the accumulator is low (0.3 %) and far below the

7% which is recommended by the IDEAS™ software.

18
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5. TESTS, SAFETY AND QUALITY CONTROL

The test, safety and quality control are the steps taken to ensure a safe operation of the system.

5.1 Tests before installation at CERN

The test pressure P is given by CODAP 95 (E) — 1/36 by the formula:

test

Fa
P = 1.30 -F %= 1.30 - 110 Bar -1 = 143 Bar

tezt

Where:

P = design pressure for a normal condition which is the most severe under pressure

f& = nominal design stress for a normal operating condition at the temperature of the test

ft = nominal design stress for a normal operating which is the most severe under pressure at the corresponding

design pressure.

Pressure tests on the accumulator at 143bar will be performed by ‘Hoefnagel & Meijn B.V’
Industrieterrein Achtersluispolder, Uiterdijk 4, 1505 GW Zaandam

5.2 Tests at CERN

When the accumulator system is complete installed at CERN (connected to transfer line) it will be
test for leaks. The system will be filled with N, and during a couple of hours the pressure monitored.

SAFETY ANALYSIS COz ACCUMULATOR CERN
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5.2.1 Safety valve

To prevent failure of the system, the system will be equipped with a proportional relief valve. The

relief valve will open at 110 bar. See appendix II for product data sheets.

5.2.2 Personal safety

Recommended are Oxygen Deficiency detectors at area’s, where a potential gas leak could occur this
is an area where occasional access is needed during shutdowns for service work. People will be
required to take a personal CO, meter (C1100 OLDHAM) with them when carrying out work in this
area when the cooling system is operational.

Use of special cryogenic equipment (safety goggles and gloves) will be proscribed when intervention

and service work on the cooling system is needed.

523 Heater protections

The heater in the system will be protected by hardware and software. Whenever a limit of 130°C
(measured by the thermocouple inside the heater) is exceeded the heater will be switched off. The
PLC monitors the heater temperatures of and switch off the heater when the limit is exceeded. The

hardware limit is provided by an attached clixon in the electrical supply line of the heater

5.2.4  Pressure protection

The pressure of the accumulator can be increased by external temperature rises or by accidental
overheating of the accumulator heater. The pressure is measured, and when a pressure threshold is
reached the accumulator heater is switched off.

The CO, pumps will have an internal mechanical safety mechanism for overpressure set to 100 bars.
However, the PLC will monitor the pressures in different sections of the systems. When the pressure
after the pump gets too high (discharge pressure), the pump will be switched off. When the pressure
difference over the pump (Ap or pump pressure head) stays below a threshold the pump will also be
switched off. To protect the membranes of the CO, pumps a membrane alarm is given at a pressure

of 10 bars. Whenever this threshold is exceeded the pump concerned stops running.

20
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5.3 Quality control

Tubing

Quality control during manufacturing of all tubing is based on the controlled welding procedure with
a Swagelok orbital welding machine. Before each final orbital welding tests with the same tube and

material were done to optimize the welding parameters.

Figure 14. Swagelok orbital welding machine igure 15, Test weld

Accumulator

The material certificates used in the accumulator is listed in appendix IV

Apart from the circular welds on the cooling spiral made at NIKHEF, the welds of the accumulator
will be done by the ISO 9001:2000 certificated firm ‘Hoefhagel & Meijn B.V’

Industrieterrein Achtersluispolder, Uiterdijk 4, 1505 GW Zaandam

See appendix ... for the ISO 9001:2000 certificate, the welder qualification and welding procedure
approval record.

Visual inspection and radiographic tests will be done by the APPLUS RTD and can be found in
appendix... . Certificates .... and .... of the APPLUS can be found in appendix ... and ..

21
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6. SUMMARY

Presented is the safety analysis of the accumulator which will be used at CERN. The system must
comply with the Pressure Equipment Directive (PED) 97/23/CE. The French construction code for
pressure apparatus (CODAP) is used to verify the stresses. The design condition of the system is
between +35 and -50 °C and a maximum internal pressure of 110 bar. To prevent failure of the

system, the system must be equipped with proportional relief valve set at 110 bar.
The accumulator vessel is classified in PED category III. Chosen is to follow the PED modules G

The accumulators are made of AISI 316 L. The material is verified upon delivery. The quality of the
weldings will verified by means of visual inspection and radiographic testing. Final pressure test of
145 bar (defined by CODAP 95 (E) — 1/36) has to be performed.

7. APPENDIX 1 PROCESS DIAGRAM

8. APPENDIX II PROPORTIONAL RELIEF VALVE
9. APPENDIX I WELDING ASSEMBLY
10.APPENDIX IV MATERIAL CERTIFICATES

22
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Zertifiziert 1S0O 9001
nach: 1SO /TS 16949
EN 9100
1SO 14001

DEUTSCHE EDELSTAHLWERKE

Providing special stesl solutions

GAZPLB47-41-22:0

D-58452 Witten, D-57012 Siegen , bttp://www.dew-steel.com

Datur/Date: 14.07.10 Seite/Page:1/3

Werkstofflieferant Abnahmepriifzeugnis nach DIN EN 10204 3.1/01.05

Zertifiziert | AD2000 W 0 b gfi(maﬁ Inspection Certificate acc.to/Certificat de réception selon  DIN EN 10204 3.1B/08.95
’ . ruckgerite-

nach: | TRD 100 richtlinie Zeugnis-Nr./Certificate No./No.de Certificat 1541931/7505532/ ost

97/23 EG

DEUTSCHE EDELSTAHL WERKE

ThyssenKrupp Materials Herstellerzeichen / Supplier’s Mark/Marque d'usine

Nederland B.V.

POSTFACH 99_

NL-4130 EB Vianen Priifstempel/ Inspector’s stamp/ Poincon de I’expert

Thre Auftr,-Nr. vom
Your order No. date /No.de votre commande du

Warenemplinger 315-5401932259 | 15.04.10
ThyssenKrupp Materials | I
Nederland B.V Unsere Auftr.-Nr. Unsere Material-Nr. )
He (el ak c t Our otder No./No.de notre Commande Our material No./No.de notre matériel
ocdemakersstraal ; P
i 212586/3 2
NL-3334 KK Zwijndrecht 1212 181816
Unsere Abteilung/Our department/Notre département Telefon/Telephone/ Téléphone
VR-H 0271/808-2252

Produkt’/Product/Produit

STAEBE AUS NICHTROSTENDEM STAHL Fertigungsauftr.-Nr./Production lot-No./Lot de fabrication No.
REMANIT 4401/4404 SUP.IM, TYPE 316/316L

GEWALZT, ABGESCHRECKT, Lieferschein-Nr./Delivery note /No. de I’avis de livraison

GERICHTET, GESCHAELT N sonlé .

14401/1.4404 INDUFIL, Schmelzen-Nr./Heat No./No.de coulée : 370270

EN 10272, AD2000-W2/W10, EN 10088-3, Stiickzahl/Piece No./Nombre des piéces i3

ASTM A 182/276/479, ASME SA 182/479, A i

NACE MR 0175, Gewicht/ Weight/Masse 13106 [kg]

IN ANLEHNUNG AN EN 10222-5, DIN 17440/96 Zeichnungs-Nr./ Drawing No./No.du dessin :
Format/Shape/Profil srund / round / rond
Durchm./Breite/Diameter/width/Diamétre/largeur ¢ 180 [mm}

Dicke/ Thickness/Epaisseur
Liinge/Length/Longueur :5000 - 6000 {mm]

Stitckzahl und Gewicht siehe Rechnung. / Quantity and weight see delivery bill/invoice.

Nombre des piéoes et masse voir facture.

Lieferzustand/Condition as supplied/Etat de livraison:

1920 DEGREE F SOLUTION ANNEALED AND QUENCHED, 1050 GRAD C
LOESUNGSGEGLUEHT UND ABGESCHRECKT, NO WELDING HAS BEEN PERFORMED,

AM MATERIAL WURDE NICHT GESCHWEISST

Die Priifergebnisse zu Threr Lieferung finden Sie auf der Rickseite bzw. den néichsten Seiten
As for test results of your delivery see overleaf. / Vouz trouverez les resultats d’essais de votre livraison aux pages suivantes.

DEUTSCHE EDELSTAHLWERKE GMBH

Abnahmetechnik/ Inspection department/Département de Réception

/
/
oy Ot Lol
Krause )
Abnahmebeauftragter/ Der Werkssachverstiindige
Test House Manager/Works’ inspector/ Resousable Reception/L’ Agent Réceptionnaire de usine
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DEUTSCHE EDELSTAHLWERKE

Providing special steel solutions

Zertifiziert IS0 9001
ich: ISO /TS 16949
’ EN 9100
ISO 14001

GAZPLGA7-11- 241

D-58452 Witten, D-57012 Siegen | http:/www.dew-steel.com

Datum/Date: 14.07.10 Seite/Page:2 /3

Zeugnis-Nr. Unsere Auftr.-Nr. Ihre Auftr.-Nr. vom Fertigungsauftr.-Nr.
Certificate No./No.de Certificat | Our order No./No.de notre Commande | Your order No. date /No.de votre commande du | Production lot-No. /Lot de fabrication No.
1541931/7505532/ ost 1212586/3 315-5401932259
Schmelzen-Nr. Erschmelzungsart Sekundiirmetalinrgie
Heat No./No.de coulée Steelmaking process/Procédé d’¢laboration Secondary metalturgy / Metallurgic secondaire
- 370270 E VOD
Chemische Zusammensetzung/ Chemical Composition/ Composition chimique
C Si Mn P S Cr Mo Ni Cu v Co Al N
Ist/ Actual/ Actuel 0.016 0.39 1.86 0.026 0.025 | 16.59 2.06 | 10.06 | 0.15 | 0.03 0.034 0.005 0.031 | %]
B Ti Nb Ca
Ist/Actual/Actuel 0.0039 < 0.002 < 0.005 < 0.0005 {%]

Hiirte/ Hardness/ Dureté
1 i~ferzustand/ Condition as supplied/Etat de livraison
Y 22 HRC

Zugversuch/ Tensile test/ Essai de traction

Lieferzustand / Condition as supplied /Etat de livraison
Probensabm./ Specimen dimension/ Dimension d'éprouvette | Probenrichtung/Specimen dircction/Sens de Prélévement | Prent./Specimen location/Point d'prélév. | Priiftemp. /Test ternperature/ Température d'essai
Zugprobe; 7 mm rd quer/transverse/ traverse 1/2 Radius (1/4d) 23[°C}
Proben-Nr./Specimen-No./No.d’eprouvette Rpo.2[MPa (N/mm?)] Rpl.o[MPa (N/mm?)] Rm {MPa (N/mm?)] AS[%] A2 [%)] Z[%]
82556-1 323 368 590 46.7 41.2 62

Zugversuch/ Tensile test/ Essai de traction
Lieferzustand /Condition as supplied/Etat de livraison

Probenabm./Specimen dimension/Dimension d'éprouvette | Probenrichtung/Specimen direction/Sens de Prélévement

Pr.-ent./ Specimen location/Point ¢’prélév. | Priiftemp. / Test temperature/ Température d'essai

Zugprobe; 7 mm rd quer/transverse/traverse 1/2 Radivs um 90 Grad versetzt 23[°C)
Proben-Nr./Specimen-No./No.d’eprouvetie Rpo.2[MPa (N/mm?)] Rpl.o [MPa (N/mm?)] Rm [MPa (N/mm?)} AS{%] | A2[%] | Z]%]
82556-2 297 343 579 48.8 49.4 67
Zugversuch/ Tensile test/ Essai de traction
Lieferzustand / Condition as supplied/Etat de livraison
Probenabm./Specimen dimension/Dimension ¢ épronvetic | Probenrichtung/ Specirnen direction/ Sens de Prélévement Pr.-ent./Specimen location/Point d'prélév. | Pritftemap./ Test temperature/ Température ¢’ essai
Zugprobe; 12,5 mra rd quer/transverse/ traverse 1/3 Radius,max. 50mm u.d. Oberfl.{1/6d,mex. S0mn) 231°C)
Proben-Nr./Specimen-No./No.d’eprouvette Rpo.2 [MPa (N/mm*)] Rpl.o[MPa (N/mm?)] Rm [MPa (N/mm?)] AS[%] | A27[%)] | Z{%]
} 82557 247 279 530 50.0 51.7 59
82556 245 281 534 525 543 58

Schlagbiegeversuch/ lmpact test/ Essai de résilience
Lieferzustand / Condition as supplied/Etat de livraison

Priiftemp./ Test temperature/ Température d’essai

Probenform/ Type of specimen/ Type d'éprouvette | Probenrichtung/Specimen direction/Sens de Prélevement
[{CHARPY V} quer/transverse / traverse 23[°C]3
Proben-Nr./Specimen-No. /No.d’eprouvette 1. Prfl./Spec. /Eprouvette 2.Prfl./Spec./Eprouvette 3.Prfl./Spec./Eprouvette
82557 107(7] 110[J7 116[7]
82556 110[J] 125[1] 1227}

Interkristalline Korrosion/ Intergranular corrosion/ Corrosion intercristalline
GEM. ASTM A 262 PRACTICE E, DIN 50914 / ACC. TO ASTM A 262 PRACTICE E, DIN 50914

US-Priifung/ Ultrasonic testing/ Contréle par ultrasons

Die Lieferung wurde US-geprift nach:

EN 10228-4 TYP 1A, Tab.4KL3

ENTSPRICHT AUCH/ALSO CORRESPONDING TO/CORRESPOND AUSSI A/
CORRESPONDE TAMBIEN EN 10308 TYP [A KL.3, ASTM A 388

Die Lieferung wurde auf Identitit gepriift (Optische Emissionsspekirometrie)

Die Lieferung wurde besichtigt und auf MaB kontrolliert



Zertifiziert ISO 9001
nach: ISO /TS 16949
EN 2100

ISO 14001 Providing special steel solutions

GAZPLOB4T-11-22401

D-58452 Witten, D-37012 Siegen , http://www dew-steel.com
Datum/Date: 14.07.10

DEUTSCHE EDELSTAHLWERKE

Seite/Page:3/3

Zeugnis-Nr. Unsere Auftr.-Nr. Ihre Auftr.-Nr. vom

Certificate No./No.de Certificat | Our order No./No.de notre Commande | Your order No. date /No.de votre commande du ‘ Productio!

Fertigungsauftr.-Nr.
n lot-No. /Lot de fabrication No.

1541931/7505532/0st 1212586/ 3 315-5401932259

Das Material ist frei von Radioaktivitit./ The Product is free from radicactive./Le matériel n’est pas radioactif.
El material es libre de radioactividad.

Das Qualitactsmanagement-System wurde durch LRQA (Kenn-Nr.0525)
gemiiss der Richtline 97/23/EG Anhang 1, Abschnitt 4.3
(Druckgeriterichtlinie) iiberpriift (Zertifikats-Nr.: 50072).

1t is hereby certified that the quality management system has been
reviewed by LRQA (identification n0.0525) according to the
requirements of the Pressure Equipment Directive 97/23/EC Annex 1, 4.3
{guidelines for pressure instruments) (certificate no.: 50072).

Le systéme d’assurance de qualité est verifié par la société LRQA (no.
indicatif 0525) selon recommendation 97/23/EG annexe 1,

section 4.3 (Directive pour Appareils soumis a Pression)

(certificate no.: 50072).

F1 Sistemna de Calidad fue examinado por el LRQA (no.de identificacion
0525) en conformidad con la directiva 97/23/EG anexo 1, séccion 4.3
(para equipos de presion) (certificado no.: 50072).

Erlduterung/ Explanations/ Explications
nErschmelzungsart/ Steelmaking process/Procédé d’élaboration
E =Elektrostahl / Electric-arc-furnace steel / Acier électrique
nSekundirmetallurgie/Secondary metallurgy /Metallurgie secondaire :
VOD =Vakuum-Sauerstoff-Entkohlungs-Verfahren / Vacuum-Oxygen-Decarburization / Vacuum-Oxygéne-Décarburation

Die Lieferung wurde aus einem bevortateten, gepriifien Abnahmelos entnommen.
Material against this delivery has been taken from a stored and tested inspection lot.
La livraison a été pris d"un lot de réception stocké et éprouvé.

Es wird bestitigt, daB die Lieferung geprift wurdeund den Vereinbarungen bei der Bestellungsannahme enspricht.
We hereby certify that the material described above hasbeen tested and complies with the terms of the order.
Nous certifions que la livraison été vérifiée et estconforme aux stipulations de 1'acception de la commande.







NOORD-AMSTERDAMSE MACHINEFABRIEK B.V.

. 1031 HN Amsterdam, Asterweg 16, tel. + 31 (0)20-636 14 48, fax + 31 (0)20-634 16 23
‘www.nammachinefabriek.ni  Email: info@nammachinefabriek.nl

Bank: ABN-AMRO, rek. nr. 46.71.59.416

K.v.K. nr. 34157305, BTW nr. NL 001029964 B01

Packing list

Sent to: Date 13-10-2010

NIKHEF Our REF. NR 52737

KRUISLAAN 409 Your REF. NR 00043338

1098 SJ AMSTERDAM Contactpers. DHR A SNAIJER

Pieces Back order

2,000 ACCUMULATOR TOP EN SPHERE BOTTOM

GEHEEL VOLGENS TEKENING 40030-ME-00039 EN 40030-ME-00016
MATERIAAL RVS 316L (1.4404)

MATERIAAL DOORSTEMPELEN CERITFICAATNR. 814TK

CERTIFICATEN OPSTUREN NAAR:
NIKHEF

T.AV. DHR A. SNAIJER

POSTBUS 41882

1009 DB AMSTERDAM

AFLEVERADRES:
HOEFNAGEL EN MIJNS
UITERDIJK 4

1505 GW ZAANDAM

Date receipt of the Name Signature
goods

Op al onze aanbiedingen, overeenkomsten en leveringen zijn de algemene verkoop- en leveringsvoorwaarden voor de metaal-
en de elektronische industrie van toepassing, welke zijn uitgegeven door de vereniging FME-CWN en gedeponeerd
ter griffie van de Arrondissementsrechtbank te Den Haag op 19 oktober 1998 onder nummer 119/1998.
Reclames binnen 8 dagen na ontvangst

SIS
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PMI examination

Rontgen Technische Dienst bv

Carried out at
Address

Hoefnagel & Meijn b.v.
Uiterdijk 4

f Object

Report ;

Cen ] T % | Delftweg 144 Tel. (010) 208 82 08

F&A number | Report number | | Postbus 10065 Fax (010) 415 80 22
1104--050207/012 J 03103-2010-39-010 | | 3004 AB Rotterdam E-mail rtd@rtd.nl
I ~ L I S
Client Hoefnagel & Meijn b.v. ‘ Client order number 10.345

Address Uiterdijk 4 | F-260

Post code and city 1505 GW Zaandam ,r Project T.b.v. Nikhef Instituut

Country Nederland j Drawing number 40030-ME-00074

Contact Dhr. N. Wester CO2 Accumulator

RTD branch office

Telephone number

Barneveld
(0342) 42 54 40

elementen genoteerd.
Vergeleken met libary X-

Post code and city 1505 GW Zaandam Fax (0342) 42 54 49

Country Nederland Contact Mr. T. Cornelissen

Date 29-9-2010 "* e
Examination proc, DT 21901 Rev. 5

Remarks L.o. met klant meerdere PMI equipment X-MET3000TX

Number 5555-1200-0531 Reference piece Duplex 2205
| Calibration expires  01-12-2010 Result [%6] 100%
Standardisation date  29-09-2010 Cal. block Ser 700877

Purpose of examination:

Positive Material Identification (PMI)

Items examined: Different parts, in total 3 parts of a CO2 Accumulator with only one measurements of each PART_ID. See resuits.

Result: Calibration results:
liem | Result |  Cr% | Std Dev f Ni% | StdDev | Mo% | StdDev | Mn% | Std Dev
Calibratie (Ser 700877) gDupxex 2205‘ 234 |02 ’ 5,7 0,1 3,21 0,04 1,1 0,1
Reference (316L no. 23) | AISI 316L 1172 0,2 [10,3 0,2 ‘ 235 0,04 1,7 0,1 ]
Resuit: Meassurements object:
Item Result Cr% |StdDev| Ni% |StdDev | Mo% | StdDev | Mn% | Std Dov
S o ! ], B | . | ,[W_,, e,
6" pipe SS316 17,2 0,2 11,8 10,2 12,18 0,03 10,6 0,1
| | | |
Cap left [ SS304 18,4 0,2 177 10,2 0,31 0,01 1,7 0,1
| ] ( |
Cap right | $8304 1183 10,2 7.6 10,2 0,31 10,01 1,8 10,1

Opmerking: Resultaat waarden in overeenstemming met libary X-MET.

Level Cert.no.

For client - Name operator - - J Report checked for RTD
f — f
| a M.G.A. Oude Wesselink 1035 11 473/1238 | Name
|
b - - - - i
- | - - - | _ _
29-09-2010 \ Date, signature and stamp
Page 1 AN S@J i HTD |
| ' J
| Total pages 2 ND Teslmg |

M. Oude Wesselink




Page 1 of 3 CE)

SANDVIK! CERTIFICATE No. A/10-934746 Rev 00
Date 2010-02-01 Page 1/2

INSPECTION CERTIFICATE acc to SWAGELOK COMPANY
EN 10 204 3.1 P.0O. BOX 31300

INDEPENDENCE, OH 44131

USA
TNSPECTION STAMP
QA-TUBE
customex References sandvik References

Customer order No. Subs No. ABSMT Dispatch note

W27877 order 27877 44264/54

2010-01-28 ABSMT No. C.Code
300-15945 29

230-06760 NEDERLAND

Material description Steel/material Designations

SEAMLESS STAINLESS COLD FINISHED Sandvik AIST

INSTRUMENTATION TUBING 3R60 TP316/TP316L
EN no

1.4436/1.4435

Steel making process
Electric furnace

Technical regquirements
ASTM A-213-08 AW, ASME SA-213-ED-07 AD-08 AW, ASTM A-269-08

NACE MR0175/I80 15156-3:2003
PED 97/23/EC EN 10216-5 TCl
HRB MAX 80

EXTENT OF DELIVERY

It Product designation Heat Lot Pieces Kg M
01 THT-3R60-9.53-0.89 047279 92425 100 113.0 600.00
9.53 X .89

38-T6-3-035-6ME

Total 100 113.0 600.00
KEY TO LOT

KEY TO HEAT
Lot Code Lot No.

Heat Code Heat No.

047279 522467 #k 92425 348109

TEST RESULTS

Chemical composition (weight%)

Heat c si Mn P s Cr Ni Mo

047279 0.019 0.40 1.66 0.029 0.008 17.33 13.18 2,65
N

047279 0,044

Chemical composition, product (weight%)

Lot Cc si Mn P s Cr Ni Mo

92425 0.018 0.39 1.65 0.029 0.006 17.31 13.15 2.63
N

92425 0.037

Quality assurance - Per Eriksson/ QA-manager Tube & Pipe

https://www.extranet.steel. sandvik.com/Certificates/CertView/ShowUniqueCert.aspx?Cust... 20-08-10
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SANDV[K] CERTIFICATE No. A/10-934746 Rev 00
Date 2010-02-01 Page 2/2

Tensile test at room temperature

vield strength Tensile strength Elongation
MPa MPa MPa % %
Lot Rp0.2 Rpl.oO Rm A 4D
92425 287 316 587 64 58
286 315 587 64 60
279 309 579 65 60
252 280 551 64 60
Hardness test
Min Max
Lot HRB HRB
92425 68 70

Following controls/tests have been satisfactorily performed:
- Flattening test.
- Flaring test

- PMI-test.
- Intergranular corrosion test acc to ASTM A-262 PR.E

- Leak test: Eddy current test acc to ASTM A-1016.
- visual inspection and dimensional control.

Heat Treatment:
Solution annealed and quenched.

Marking:
SANDVIK 3R60 ASTM/ASME A/SA-213AW A-269 EN 10216-5 TC1 TP 316/TP 316L EN 1.
4435 COLD SMLS NDE 9.53 X 0.89 MM 3/8'' X 20 BWG/SWE HT 522467 SC LOT 348109 D

IN 2391 *QA-TUBE*

approved acc. AD 2000-Merkblatt WO and certified acc. to
Pressure Equipment Directive (97/23/EC) by
TUEV NORD GmbH; notified body, reg.no. 0045.

The number of tests are based on the size of the manufacturing lot
before cutting to finished lengths.

The delivered products comply with the specifications and
requirements of the order,

The material is manufactured according to a Quality system,
approved and registered to ISO 9001.

The certificate is produced with EDP and valid without signature.

TEST RESULTS TRANSFERRED FROM CERTIFICATE NO 00038721

AB SANDVIK MATERIALS TECHNOLOGY Reg No. 556234-6832 VAT No. SE663000-060901
SE-81181 SANDVIKEN SWEDEN www.smt.sandvik.com mtc_service.smt@sandvik.com

hitps://www.extranet.steel.sandvik.com/Certificates/ CertView/ShowUniqueCert.aspx?Cust...  20-08-10
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STORIS®

Materials Technology

CERTIFICATE Stork FDO Inoteq B.V.

SFI0000161A, PAGE 1 OF 1

Customer

TESTING OF TEST SAMPLE

. Hoefnagel & Meijn B.V.

Uiterdijk 4, 1505 GW Zaandam

Order no. customer : 10.404
Project :
Material : AISI 316L Certificate no.  : SFI0000161A
Test sample : Welding connection 4 Order no. : SF10000161S0O
Condition test sample : As delivered Amsterdam : 2010-10-18
CODE: CUSTOMER
RESULTS OF THE TESTS

CHEMICAL COMPOSITION [OES] [WT %]
Specimenno. C Si Mn P S Cr Mo Ni N
FO161A 0.026  0.59 1.35 0.037 0.019 16.7 2.00 10.9 1)
Requirements max. max. max. max. max. 16.0- 2.00- 10.0- max.
AIS! 316L 0.030 0.75 2.00 0.045 0.030 18.0 3.00 14.0 0.10
(Key to steel)
Remark: The results are an average of at least 3 measurements.
1) N not determined
CONCLUSIONS/ REMARKS
The results meet the specified requirements
Stork FDO Inoteq B.V.
Verified: W.H. Mooij /Z#Y,

‘,‘ f/ it

R
Authorised: E. de Rijcke

Departmentma
&
kN Stork FDO Inoteg B.V. (Registration Chamber of Commerce Amsterdam number 33194077) is an operating unit of Stork Materials

[ESTEN Technology B.V., Amsterdam, The Netherlands, which is a member of the Stork group

RVALDI  site Amsterdam: Czaar Peterstraat 229, 1018 PL, P.O. Box 379, 1000 AJ, Phone (020) 556 35 55, Fax (020) 556 35 56



Swagelok Company

Swoa o B

440.349.5600
440.519.4997 fax

Inspection Certificate EN 10204-3.1 (formerly 3.1B)

Distributor Customer Customer PO#
Nederland Sales & Service B.V. Nikhef 42873
Coenecoop 770 Science Park 103 0100390688
2741 PW Waddinxveen 1098 XG Amsterdam
P.O. Box 93
The Netherlands

No. Part Number Qty Product ID Component Heat Code

1 6lv-16-ver-3-16th7 8 ROKBJ1420 Body VHL

Swagelok products referenced above are manufactured from material purchased and certified as being in accordance with
the specification(s) listed below.

Information contained in the above customer address column (marked as "Customer”) and area marked "Reference” (when
applicable) of this certification are for reference purposes only. Swagelok Company makes no stipulations, nor takes
responsibility, for the accuracy or reiiability of such information.

Swagelok products are manufactured under conditions which are free from mercury. No Mercury bearing components have
been used in the products of your order and no Mercury bearing instruments or other equipment have been used in their
manufacture, assembly, ortesting in such a manner as might cause contamination.

No asbestos or asbestos-containing components are used in Swagelok brand products.

MATERIAL STANDARDS
Components Material Standards
Straight Fittings 316L VAR Stainless Steel Bar SEMI F20 (with exception of 20% min.
elongation)

Annexes: Material Certificates

The Swagelok® products specified above are certified for use in commercial-grade (non-Nuclear Safety Related)
applications and were manufactured in accordance with Swagelok Company’s Quality Assurance Manual (latest revision,
revision H, dated December 10, 2007). Swagelok Company’s Quality System is approved to ISO 9001 (BSI Certificate #
FM01729).

Certifications Supervisor
Jonathan Seewald

PC100506234-004 Page: 1 of 1 05/06/2010



10/28/2009 9:51 AM SVDATAIFAX1 ->» 9,,1,,4405194998 Page 2 of 5 Ci)

. CERTIFICATE OF TESTS ABNAHMEPRUEFZEUGNIS  CERTIFICAT DE CONTROLE
APPROVED BY LENNY TABORY 10/28/2009

CERT SERIALH# BRR786187
% THE RECORDING OF FALSE, FICTICIOUS OR FRAUDULENT ETATEMEMTS OR ENTRIER ON THIE DOCUMENT
//"““\ HAY BE FPUNISHED A% A FELONY UNDER FEDERAL STATUTES I[NCLUDING FEDERAL LAW, TITLE s,

. B l? E T[EI a CHARTER 47,
\ M P N & THE VALUEZ AND OTHER TECHNICAL DATA REPREYENT THE BESULTS OF ANALYSES AND TESTE MADE
g ON BAMFLES COLLECTED FRON THE TOTAL LOT. ORICINAL [DATA RECORDR CAW BE TRACED RY

Garpenter Technolngy Corporation REFERENCE To THE CARPENTER ORDER NUNSER.
{01 West Bern Stisct Reading, Pa. 10601 © MATERIAL IS MANUFACTURER FREE FRUM MERCHRY, RADIUH, ALPHA AND GAHMA BOURCE CONTAMINAT on.

© THIS DOCUMENT SHALL NOT X¢ FEPROMUGCED, EKCEPT IN FULL, WIYHOUT THE WRITTEN COMEEN

Tel: (619) 2688-2000  (860) 334-4592 OF CARPENTER TECHHOLOGY CARPORATION.

18/287089
CUSTOMER /BESTELLER / CLIENT VHL SELLER /VERKAUFER /VENDEUR PAGE I OF 4

SWAGELOK COMPANY
P.0,BOX Bbh29
MEDINA .0OH 44258
HIT

CUSTOMER ORDER NO/BESTELL-NR/N DE COMMAN DE CARPENTER NOMWERKS-NRIN'DE REFERENCE INTERNEI DATE/DATUM/DATE WEIGHTIGEWICHT/POIDS

| K48733 Ws6765 1684

PRODUCT DESCRIPTION: YAR_316L—-SCO STRAIN HARBENED GROUND
———————————————————— PART NUMBER:@ 6LY-RB-143758
SPECIFICATION: SWAGELQOK SMS—@88@94 REV J (€!1/06/89)
—————————————— ASTM-A262-B2A (280881
ASTM-A276-88A (MODIFIED MECH PROPERTIES)
ASTM-A479-B8 (MODIFIED MECH,PROPERTIES AND ANNEALING TEMFP
ASTM-A4B84-88 (MDDIFIED ANNEALING TEMPERATURE)
ASTM-A751-88
ASTM-E | B—-@88
ASTM-E45-85E72
ASTM-A378-89A
ASME-SA479 2@@A7 EDITION, 2089B ADO (MODIFIED MECH PROPERTIES)
ASTM-E | 1 2-9R6{2AN41E2
ASTM-EB-08
ASTM-E [ B8 —-B6
SWAGELOK SQ5-g@@al2 REV K (B1/15/03)
SWAGELOK SQS-848z@ REV J (688/28/09)
SWAGELOK SOC-B8196 REY E (11/28/088)
SEMI F28-B786 (HPY GRADE (i{@/ /BeY MECH PROPS PER SMS-88894
SIZE | .4375088 IN.( 36.51 MM} RD BAR
PRIMARY HEAT CHEMISTRY(WT2%). (TEST METHOD IS SHOWN IN PARENTHESIS)
C _(COM) MN (XRF ) SL(XRF) P [XRF) S _(COM)Y CRUXRF )
B.023 .28 8.67 8.ali 8.a86 17.69
NI(XRF) MO {XRF) CU{XRF ) CO(XRF} AL (OES) N (FUS)
13.26 2.69 B.21 g.o8 8,683 B.04
TI(XRF) NB {(XRF ) SE (XRF) CA(DES)Y CR EQV/ZNI EOQV FN
LT .004 a.84 LT .BB2 LT .885 .58 4.45

MELT DATE: |1/84768

INT%%EE?NULAR CORROSION TESTED TO ASTM—-A262, PRACTICE E - ACCEPTABLE. (OXALIC)
ANNEALED MICROSTRUCTURE FREE FROM CONTINUOUS GRAIN BOUNDARY CARBIDE
PRECIPITATION (NETWORK), (KALLINGSY

MATERIAL ULTRASONICALLY INSPECTED IMMERSION METHOD - ACCEPTABLE.

CONTINUED ON NEXT PAGE

Shls certlﬁcatro is r{# de to the customer printed on thlfs form Carpenter ne|thermake , N rassumesgespons: ility for, an\bregresentatl n or certrl"catlonto other partie
ie v izierung ist nur fur den in diesem Formular genannten Kunden gultig enter ubernimmt gegenuber en kelne i Haftung ﬁr USgew! esenen Daten oder Zertifizierungen.
Ce cer‘tlr’cat est umquement valable pour le client dont e noi et impritie Sur ce formularre arpenter n'assuiie pas de responsabilite pour une cem catwn vis-a-vis d'une tierce personne.

y
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10/28/2009 9:51 AM SVDATAIFAXL -> 9,,1,,4405194998 Page 3 of 5 CZ)

CERTIFICATE OF TESTS ABNAHMEPRUEFZEUGNIS CERTIFICAT DE CONTROLE

CERT SERIAL# 808786187

® THE RECORDING OF FALSE, FICTICEOUS 0f FRAUDULENT STATEMENTS O6R ENTRILS OH THIZ OOCUMEHT)
HAY BE PUNISUER A% A FELONY UNDER FEDERAL STATUTES [MCLUDIMG FEDERAL LAN, TITLE s,

CHARTER 47,
CAI EI EN I E!a & THE VALUEE AND OTHER TECNNICAL DATA REPREPENT THE RESULTS OF AMALYSES AND TESTR MADR
GH BAWFLEZ COLLECTED FROM THE TDTAL LBT. ORICIWAL DATA RECORDE CAN BE TRACED RY

Gﬂrpenter TEChnO‘Dgy Corporation 3 :E:Z:E:EE::onI:ﬁrfg::::;E:Rz:DE:n:u:z:zuRV RADIUM, ALPHA AND FAMHA BOURCE CONTAHINAT
0 ; . ' TN
101 Wast Bern Sﬂéet Readlng, Pa. 10601 # THI2 DOCUMENT SHALL MNOT KE REPRODUCED, EXCEPT IN FULL,. WITHOUT THE WRITTEN CONZENY]

Tel: (616) 208-2060  (860) 338-4592 OF EARPENTER TECHNOLOCY CORDORATION.

| B/28/89
CUSTOMER /BESTELLER / GLIENT VHL SELLER/VERKAUFER /VENDEUR PAGE 2 OF 4

SWAGELOK COMPANY

F.0.BOX B529
MEOINA .OH 44258

HIT

CUSTOMER ORDER NO/BESTELL-NR./N' DE COMMAN DE CARPENTER NOMERKS-NRIN'DE REFERENCE INTERNEI DATE'DATUM/DATE WEIGHTIGEWICHT/POIDS

K48733 W567693 | 684

HEAT NUMBER / SCHMELZE-NR. / N' DE COULEE
188% COMPARATOR TESTED TO DETECT/SO

95
RT
THIS MATERIAL WAS MANUFACTURED IN ACC
OPERATIONS QUALITY PROGRAM MANUAL REV

BISCS MACROETCH TESTED AND APPROVED

6882
OUT HIGH IRON/LOW ALLOY INCLUSIONS.
GRD
ISI

ANCE _WITH CARPENTER SPECIALTY ALLOYS
ON 27. DATED 1/88.

THIS ORDER WAS MANUFACTURED IN ACCORDANCE WITH SPECIALTY_ALLOYS OPERATIONS
QUALITY PROGRAM MANUAL REVISION 27, OATED [/88 "AS_ACCEPTED BY_SWAGEL OK
COMPANY'" IN COMPLIANCE WITH ASME B & P V CODE SECTION III. DIVISION |.
SUBSECTION NCA 3B@@. 2887 EDITION.

NO WELD REPAIR.
CARPENTER TECHNOLOGY COMPLIES TO THE EURAOPEAN DIRECTIVE (ELY 2RAZ2/95/EC.

THIS HEAT MELTED BY THE ARC/AO0D + VAR PROCESSES

MATERIAL IS IN CDMPLIANCE WITH ASTM A276 AND ASTM A479 WITH MODIFIED ANNEALING
AND MECHANLCAL PROPERTI

MATERIAL HAS BEEN MANUFACTURED IN ACCORDANCE WITH SEMI F2B8-8786.
MILL HEAT TREATMENT.
TYPE
TEMP

25
TIME AT TEMP. .50
QUENCH WAT

HARDNESS AS SHIPPED, HRC - 32

N

SI(MPA) }

ER ASTM Ell2: 5 (

CONTINUED ON NEXT PAGE

Ehus cettification js adete the customer pnnted onthl:s form. Carpenter heither makes, ngr assumes eSpOnSIPIIItV for, an re resentati?n or?‘.u |ﬁtf‘gt|onto other parties.
ie voriie cgende Zerti! tzuerun%ist nur fur den I diesem Formular genannten Kunden gultig. Cpenter u ernimmt gegenub r en keinerle die ausgewiesenen Daten oder Zertifizierungen
Ce certifidat est uniquement Valable pour fe client dont le nom est imprime sur ¢¢ formuldive. Camenter n‘assume pas de responsabmte pour une certmcatlon vis-a-vis d'une tigree parsonne.

v
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CERTIFICATE OF TESTS ABNAHMEPRUEFZEUGNIS  CERTIFICAT DE CONTROLE

CERT SERIAL# BBB786187

& THE RECORDIKG OF FALSE, FICTICIOUS OR FRAUDULEKT STATEMENTS OR ENTRIEY ON THIE DOCHMENT]
HAY BE PUNISHED AR A FELONY UNDER FEDERAL STATUTES [MCLUBING FEDERAL LAW, TITLE 1.

Rl ’ I I a CHARTER 47.
CA EN E © THE VALUES AND OTHER TECHNICAL DATA REPREDENT THE RESULTS OF ANALYSES AMD TESTE MADR
@N BAMFLES COLLECTED FRON THE TOTAL LOT. ORICINAL DATA RECORDE CAM BE TRACRD BV

Garpenter Technolﬂgy COermtiUﬂ REFERENCE T) THE CARPENTER ORDER NUMBER.
101 Wéat Bém Sﬂ‘éet Reading. Pa 19601 o MATERIAL IS HANUFACTURER FREE FROM MERCURY, RADIUM, ALPHA AND GAHNA SOURCE CONTAHINATraN.
' 9, y © THIS DOCUMENT SHALL NOT K& REPROPUGER., EXCEPT IH FULL, WITHOUT THE WEITTEN CONAENY)

Tel: (618) 208-2060  (880) 338-4502 OF CARPENTER TECHNOLOGY CORPORATION.

1a/28/709
CUSTOMER /BESTELLER / CLIENT VHL SELLER /VERKAUFER /VENDEUR PAGE 3 OF 4

SWAGELOK COMPANY
P.0.BOX B629
MEOINA .0OH 44258
HIT

CUSTOMER ORDER NO./BESTELL-NR.MN' DE COMMAN DE CARPENTER NOMWERKS-NRIN'DE REFERENCE INTERNEI DATE/DATUM/DATE WEIGHT/GEWICHT/POIDS

i K4B733 W56769 684

INCLUSION RATIKG - ASTM E4E METHOD A c 0
THIN HEAVY THIN HEAVY THIN HEAVY THIN HEAVY
ING 6 |.5 8.0 p.2 8.0 B.8 8.0 B.2 4.0
1.5 8.8 p.g 2.8 8.8 0.0 g.2 8.8
2.2 8.8 .8 8.0 .2 2.0 g.2 0.0
INCLUSION RATIRG - ASTM E4g METHOD A 0
THIN HEAVY THIN HEAVY THIN HEAVYY THIN HEAVY
.8 4.8 p.g 8.0 B.8 2.8 .0 8.8
.8 0.8 p.g 0.8 .8 2.0 .2 8.8
.0 0.8 8.2 8.0 .8 0.8 .6 8.8
p.o 8.8 g.4 0.8 8.2 0.0 .8 8.8
v.g0 0.8 8.8 8.0 .8 2.0 .8 8.0
8.8 0.8 .8 0.8 8.8 0.0 .8 0.8
.8 Q.0 .4 @.8 B.8 2.0 .8 8.0
B.86 8.0 B.g 6.9 .86 ¢.0 0 8.4
g.2 2.8 n.g 8.0 .8 8.8 .0 0.8
.86 4.4 .2 8.6 .8 ¢.4 .8 8.8
: .2 0.4 n.g 8.0 B.8 0.8 .0 8.8
; B.0 0.8 p.® 8.0 g.8 2.0 .0 8.0

CONTINUED ON NEXT PAGE

Ldonga W Arsaleig

This certification, is mage to the customer printed on this form. Carpenter neifher makes, nor assumes responsibility for, any representation or certification to other parties.
Die vorliegende erg?‘;z?er islnurfurdepn in d‘l’esem Eormular%e,?xannten unden guft”lg. arpenter ugerﬁ;mmt g%enuber ritten kenmerfﬂ Haftung urdn%aus_gewtpesenen Daten oder Zertifizierungen,

Ce certificat est uniqueme‘m valable pour [e client dont le nont est imprime sur ce formulaire. Carpenter n'assume pas de responsabilite pour une certification vis-a-vis d'une tierce personne.

\

o




10/28/2009 9:51 AM

CERTIFICATE OF TESTS

CERT SERIALH# 888786187

CARPENTER

Carpenter Technology Corporation

101 West Barn Sttaet Reading, Pa. 19801
{860) 334-u592

Tel: (61d) 208-2064

18/28/89
CUSTOMER /BESTELLER / CLIENT

SVDATAIFAXL

ABNAHMEPRUEFZEUGNIS

-> 9,,1,,4405194998 Page

CERTIFICAT DE CONTROLE

% THE RECORDING OF FALZE, FICTICEGUR OR FRAUDULENT STATEMENTS OR ENTRIES ON THIE ODCHHENT|
HAY BE PUNISHED A% A FELONY UNDER FEDERAL SETATUTES INCLUDING FEDERAL LAM, TITLE \a,
CHARTER 47,

& THE VALUEE AND OTHER TECHMNICAL DATA REPRESENT THE RESULTS OF ANALYSER AND TESBTE MADR
ON SAMPLES COLLECTED FRON THE TOTAL LOT. DRXCINAL DATA RCCORDE CAN BE TRACED RY|
REFEREHCK T0 THE GCARFENTER ORDER NUMBER.

@ MATERIAL IS MANUFACTURED FREE FROM MERCURY, RADIUH, ALPHA AND FAHHA SOURCE CONTAMINATIoN,

& THIS DOCUMENT SHALL NOY k& REPROPMCED, EXCEPT IN FULL,
OF CARPENTER TECHNOLDCY CORPORATION.

VHL

WITHOUT THE WRITTEN COMESEN

SELLER/VERKAUFER /VENDEUR PAGE 4 0OF 4
SWAGELOK COMPANY
P.0.BOX 8629
MEOINA ,0OH 44258
HIT
CUSTOMER ORDER NO/BESTELL-NR/N' DE COMMAN DE CARPENTER NOMERKS-NRIN'DE REFERENCE INTERNEI DATE/DATUM/MATE VVE[GHTJGEWICHT!PD]DS
Y| K4B733 WS6769 (684
HEAT NUMBER / SCHMELZE-NR. / N* DE COULEE 554882
CHEMISTRY CHECK (WT2%) AT SIZE 7.125 IN., X 7.125 IN.
C I P S CR
4A  (TOR) n.026 f.18 .68 g.a11 g.aa7 17.74
NI MO u CQ AL N
4A  {TOP) 13,31 2.73 g.21 g.a8 g.na3 g.04
TI NB SE CA CR EQY/NI EQVY
4A  (TCPY LT .p0@4 8.4 LT .gaz LT .@@5 .51
MATERIAL FRODUCED ON THIS ORDER WAS MELTED _AND MANUFACTURED IN THE U.S.A
MATERIAL HAS BEEN MELTEO IN USA OR QUALIFYING COUNTRY TO DFARS REQUIRE-
MENTS 252.225-7814 WITH ALTERNATE | FOR QUALIFYING COUNTRY 225.872.1.
CARPENTER'S OUALITY MANAGEMENT SYSTEM WAS REGISTERED AS OF NOVEMBER 24 . 2887 T(
THE REQUIREMENTS OF -ISO 9B@l:2888 APPROVAL CERTIFICATE @7-8869 BY_ PERFORMANCE
REVIEW INSTITUTE. CERTIFICATE OF TEST IS PREPARED IN_ACCORDANCE WITH PARAGRAPH
3.1 OF EN 18294 (DIN 58B4S). WE HEREBY CERTIFY THAT_THE ABOVE TEST_DATA ARE
IN ACCORDANCE WITH THE PURCHASE ORDBER AND SPECIFICATION REQUIREMENTS.
DEANA KISSLING
MET RELEASE/REQUIREMENTS ANALYST
CARPENTER TECHNOLOGY CORPORATION
}
his certification is madle to the customer printed on this form. Carpenter neither makes, nor assumes responsipility for, any representation or certification to other parties. .
e i P e e e R R S e i)
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STOR 4 CERTIFICATE Stork FDO B.V.

Materials Technology

MKW 04-0066, PAGE 1 OF 1

Client Hoefnagel & Meijn BV, [NLD] Zaandam . Certificate no. MKW 04-0066
Order no. 04060 Stork FDO order no. OMKW 4038
WPS no. Q4431g Amsterdam 2004-01-28
Code EN 288-3 and ASME section IX.

TEST RESULTS PROCEDURE QUALIFICATION

Test sample / material 6 x Welded testpipe & 21.3 x 3.7 wt mm Stainless steel ASTM A 312 TP 316L
Test sample marked 910959 — 1.4404 and stamp Stoomwezen.
ASME 312 tp 316/316L

Welding process /-position 141 [GTAW] PC [2G]

Filler metal / gas Avesta 316L-Si/ SKR-Si [ER316L.5i] Shieldinggas: Argon 99.995%
Backinggas : Argon 99.995%

Welding jeint \

Heat treatment n.a.

NDT: VISUAL INSPECTION acceptable [Lloyd's Register Nederland BV]

RADIOGRAPHIC EX. acceptable [RTD report no. 2003-5065-102 / film no. FO066]

PENETRANT EXAM. acceptable [RTD report no. 224-2004-04-006]
TENSILE Dimensions Area Temp. Yield str. Tensile str. Elong. Red Fracture

| TEST testpiece ReH/Rp0,2 Rm Lo mm Character of

Type . mm mm? | °C | MPa[N/mm? | MPa[N/mm? % % failure
Requirements > 485 - -
Transverse — 1 Full pipe 222 RT - 508 - - In pipe mat.
Transverse — 2 Full pipe 222 RT - 501 - - in pipe mat

BEND TEST mandrel: & =4 xt/angle 180°

type results type results
face good root good
face good root good
MACRO SPECIMEN acceptable
Conclusion/Remarks : Approved 7(/

Stork FDO B.V., Materials Testing Deparfi Tests witneg

Lioyd's Regfs dBV
TEE . Wi

(=N

Verified: 78 A
| ,/ wed [ ] Reviewed /] Examin
Authorised: G.V. Tokarenko Stw. no.”164410
a
&IR\ Stork FDO B.V. (Registration Chamber of Commerce Amsterdam number 33194077) is an operating unit of Stork Materials Technology B.V., Amsterdam,
TESTEN The Netherlands, which is a member of the Stork group

AvA L 048 Site Amsterdam: Czaar Peterstraat 229, 1018 PL, P.O. Box 379, 1000 AJ, Phone (020) 556 35 55, Fax (020) 556 3556
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Record No.:
Manufacturer: Hoefnagel & Meijn B.V.
Address: Uiterdijk 4, 1505 GW Zaandam

Welders Name

Code/Testing Standard:
Date of Welding:

Welding Process(es):

Type of joint and weld:

Parent material group(s) and sub-group(s):

16 January 2004

J. J. Tanger (JT12)

WPS Q4431g (d.d. 06-01-2004)

Examining body
Reference No:

Certificate no:
Page 1 of 1

EN ISO 15614-1; 2004 / Pressure Equipment Directive 97/23/EG

141 (GTAW)
BW
8.1 -- 8.1 {material test piece ASTM A312 TP316L)

. Parent Material Thickness (mm): 3--7.5mm
/ Weld Metal Thickness (rmm): 3--7.5mm
Throat Thickness {mm) N.A.
Single Run/Multi Run Muliti run
Outside Pipe Diameter (mm}: 10,5 -- 43 mm
Filler Material Designation: Avesta 316L Si/SKR Si
Filler Material Make: Solid
Filler Material Size: 2,0 mm

Designation of Shielding Gas/Flux:

Designation of Backing Gas:

Type of Welding Current and Polarity:

99,99% Ar (EN 14175 11)
99,99% Ar (EN 14175 1)
DC-

188613 / CAS / 1106 rev. A

Welding Procedure Qualification Certificate
(EN ISO 15614-1)

Energy - Downstream, Power and Manufacturing

Manufacturer’s Welding Procedure Qualification LR 0038 / 188613

Mode of Metal Transfer: N.A.

See WPS Q4431g (d.d. 06-01-2004)
All, excluded PG & J-L045

See WPS Q4431g (d.d. 06-01-2004)
Max. 150 °C

Post-Heating: N.A.

Heat Input:
Welding Positions:
Preheat Temperature:

Interpass Temperature:

Post-Weld Heat Treatment and/or Ageing: N.A.

Qualification according to EN 288-3 with identification 164410/CAS688 (d.d. 15-03-2004) has been revised and therefore re-written.
Based on examination during welding the test-coupon, followed by destructive and non destructive testing according to Standard/Code
the qualification is technically equtvalent with EN ISO 15614-1; 2004. See also Lab. Report MKW 04- 0066 . d 2004—01 28).

Certified that test welds were prepared, welded and tested satisfactorily in accordance with the reguirements of the Code/testmg standard indicated

above.

Date of Issue: 25 April 2008

Location: Zaandam

Surveyor :
i f%e’g%‘(’éru(;y {ederland B.V.
“v." T r\gen Office
C.A. Stedelaar 4 T tnessecebiFroviowegal b }Q

A member of the Lloyd's Register Group

Examining Body LR 0038

Lloyd's Register, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and collectively, referred to in this clause as the 'Lioyd's
Register Group'. The Lioyd’s Register Group assumes no responsibifity and shall not be liable to any person for any loss, damage or expense caused by reliance on the
information or advice in this document or howsoever provided, unless that person has signed a contract with the relevant Lloyd’s Register Group entity for the provision of
this information or advice and in that case any responsibility or liability is exclusively on the terms and conditions set out in that contract.

Form 4102 (2009.07)



STORIK®

Materials Technology

CERTIFICATE

Stork FDO B.V.

MKW ERROR! REFERENCE SOURCE NOT FOUND,, PAGE 1 OF 1

Client

Order no. 04060
WPS no. Q4431g
Code

Hoefnagel & Meijn BV, [NLD] Zaandam

EN 287-1[2003] and ASME section IX.

Certificate no.
Stork FDO order no.
Amsterdam

MKW 04-0086A
OMKW 4038
2004-01-28

WELDER PERFORMANCE QUALIFICATION

Test sample marked

910959 ~ 1.4404 and stamp Stoomwezen.

Welder name
Identification

Method of identification
Place and date of birth
Job knowledge

J.J. Tanger
JT12
Passport no. H479971

[NLD]Westzaan // d.o.b. 20-12-1953

n.a.

weld test details range of approval
EN 287-1[2003] ASME sect. IX
Welding process 141 [GTAW] 141 GTAW
Plate [P] or pipe [T] T T PT
Joint type BW BW FW BW FW
Parent metal group(s] ASTM A312 TP 316L 8-92-93-10 P1 upto P11
Filler metal type / designation Avesta 316L-Si/ SKR-SI [ER316LSi] | S F6
Shielding gas Argon 99.985% - -
Backing gas Argon 99.995% - -
Test sample thickness [mm] 3.7 3-7.4 Max. 7.4
Pipe outside diameter [mm] 21.3 21.3-4286 221.3
Welding position PC [2G] PA PB PC FH
Performance ss ss mb nb one- and two side
Gouging / backing nb bs
Number RESULTS
Visual ex. 1 accepted by Lioyd's RegisterNed. BV]
Radiographic ex. 6 acceptable [RTD report no. 2003-5065-102 / film no. F0066}

Conclusion/Remarks: Approved

Stork FDO B.V., Materials Testing

Verified: H.J.M. van Tol

Authorised: G.V. Tokarenkd"

N
@D
TESTEN
AvA 1048

Stork FDO B.V. (Registration Chamber of Commerce Amsterdam number 33194077) is an operating unit of Stork Materials Technology B.V., Amsterdam,

The Netherlands, which is a member of the Stork group
Site Amsterdam: Czaar Peterstraat 229, 1018 PL, P.O. Box 379, 1000 AJ, Phone (020) 556 35 55, Fax (020) 556 55 56




Certificate no: 188613 / CAS / 1106 rev. A

Page 1 of #

Welder Qualification Test Certificate
(EN 287-1:2004)

&egns?er

Designation

Welding Procedure
Specification Reference No.

We!der's Name
Identification:

Method of,ldentificatibn:
Date and place of birth:
Emiployer:

Code/Testing Standard:

Job knowledge:

Welding process(es)
Plate 'o‘rpipe
Type of weld

 H479971 / Passport

Energy Downstream, Power and Manufacturmg

EN 287-1 141TBW81St3 73 D21, 3PCssnbm|

Examining Body:

Reference No: LR 0038/ 188613

WPS Q44319 (d.d. 06-01-2004)
). Tanger’

T2

P_hotograph
20-12-1953 / Westzaan (if required)
Hoefnagel & Meun B.V.

EN 287-1; 2004 / Pressure Equipment Dlrectlve 97/23/EG

Not Tested
- Testpiece - Range of‘quaJVIﬂcatidn :
M (GTAW) 14 (GTAW)

T o TR

BW » | BWFW
8.1 (ASTM A312TP3I6L) 8,0.2493,10

Material group(s).

Filler metal type/designation

/. Shielding gas

Auxiliaries (e.qg. backing gas, flux)
< Material kth'ickné»ss:k(mmk)
Pipe outside diameter (mm)

Welding positions ¢ .

Weld details

.L373mm

,PC .

S (Avesta 316L Si/SKR Si) s
99,99% Ar (EN 1417511) . similar
99,99% Ar (EN 14175 11) Similar

213mm

ss, bs, nb, mb, sl, ml

ss, nb, ml

Additiona!l information is available on attached sheet and/or welding procedure specification No.

WPS Q4431g (d.d. 06-01-2004)

“ Type of qualification test Performed and Not tested Surveyor
acceptable

Visual testing X

Radiographic testing X C.A. Stedelaar

Ultrasonic testing X

Magnetic particle/penetrant test X

Macroscopic examiration =X

Fracture test X A member of the Lloyd's Register Group
-Bend test X

Notch tensile test X Date of Issue; 25 april 2008 (see page 2)

Location: Zaandam
Date of welding: 16 January 2004 validity of gualification until: 25 April 2010
. /"‘

aip

A

-'E;:wmmedr@& ewadydd) Framined

Lloyd's Register, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and collectively, referred to in this clause as the 'Lioyd's
Register Group'. The Lloyd's Register Group assumes no responsibility and shall not be liable to any person for any loss, damage or expense caused by reliance on the
information or advice in this document or howsoever provided, unless that person has signed a contract with the relevant Lloyd's Register Group entity for the provision of
this information or advice and in that case any responsibility or liability is exclusively on the terms and conditions set out in that contract.

Form 4101 (2009.09)



Hoefnagel eijn b.v.

Verlenging volgens EN 287-1 (uitg. 05-2004) van:

Naam : J.J. tanger
Kenmerk 1 dT12 WPS  :Q4431g
Datum uitgave kwalificatie Verlenging geldig tot Handtekening i " Functie of titel
I‘ééfsffr Lloyd's Register Nederiand 8.V,
. . C.A. Stedelaar
Januari 2004 Januari 2006 Groningen Office b
! UWmu‘sxe(%eu‘:‘mnilDfxammfn' ? y

Bevestiging van de geldigheid door de werkgever/lascodrdinator voor de 3 tijdsperiodes van 6 maanden (zie ook par. 9.2)

Datum verlenging Rapportage ” Verlenging geldig tot Handtekening Functie of titel
et r
& 4 R .
Juli 2004 / Januari 2005 W Froti e ERL
ob-06

/1561
Januari 2005 12- b6 Juli 2005 W Enerieen

Juli 2005 O/ ;‘)ﬂﬁg s Januari 2006 W EFLeibEER

Verlenging van de kwalificatie door de beoordelaar/keuringsinstantie voor de volgende 2 jaar (zie ook par. 9.3)
Datum verlenging Verlenging geldig tot Handtekening Eunctie of tifel
7 f{’eké?géér toyd's Register Nederfand 8V.
C.A. Stedelaar
Groningen Office i
[_—]‘.»'\/AW%SEIMRE\:VE\VCO"Dhammw ?}Q

Januari 2006 Januari 2008

Bevestiging van de geldigheid door de werkgever/lascodrdinator voor de 3 tijidsperiodes van 6 maanden (zie ook par. 9.2)
Datum verlenging Rapportage " Verlenging geldig tot Handtekening Functie of titel

1501 ' : .
Januari 2006 . Juli 2006 ; ENG VEER
O8-05 ’ Bl

RYs1o}
Juli 2006 oo? Januari 2007 W ERGI WEENR

o366
Januari 2007 L'Z :9(;2/’ Juli 2007 (Libe ENGILEFR

9393/,8 o
Juli 2007 Januari 2008 aigbﬂ/ . FNGIMEFT
OS~0F

Verlenging van de kwalificatie door de beoordelaar/keuringsinstantie voor de volgende 2 jaar (zie gek par. 9.3)
Datum verlenging Verlenging geldig tot Handtekening Functie of titel

i&_ekéysﬁasr Lioyd's Register Nederland §.v.
C. A Stedelaar
Groningen Office

0] Witngased, Ruviovved! L1 by 3mineld

Januari 2008 Januari 2010

e

1) Rapportage dient tevens te voldoen aan de voorwaarde van bijlage D van EN 287-1 (uitg. 05-2004)

Ezivun Tank- en apparatenbouw - Leidingwerk - Reparatie - Onderhoud van fabrieken en scheepvaart.

Ontwerpen « Keuringen - Lassen « Plasma lassen « Plasma snijden - Walsen « Knippen » Beitsen « Passiveren
Ontwerpers en vervaardigers van procesapparatuur voor de chemische-, petrochemische- en voedingsmiddelenindustiie.

Op al onze offertes, alle opdrachten aan ons en op alle met ons gesloten overeenkomsten zij toepasselijk de METAALUNIE VOORWAARDEN gedeponeerd ter griffie van de



Hoefna

Verlenging volgens EN 287-1 (uitg. 05-2004) van:
Naam - J.J. tanger

Kenmerk (JT12 WPS :Q4431g

Bevestiging van de geldigheid door de werkgever/lascoérdinator voor de 3 tijdsperiodes van 6 maanden (zie ook par. 9.2)
Datum verlenging Rapportage " Verlenging geldig tot Handtekening Functie of titel

4363 /33 CMGEEL
anuari ¢ uli v 6 -
Januari 2008 o8- 07 Juli 2008 W INE
20587/12
06 -0f
205 81/068
Januari 2009 10-08 Juli 2009 &w( EN biveE L

324658/0:8

Juli 2009 1304 Januari 2010 P ENBIMEER

Juli 2008

Januari 2009 W ENbIEE R

Verlenging van de kwalificatie door de beoordelaar/keuringsinstantie voor de volgende 2 jaar (zje ook par. 9.3)
Datum verlenging Verlenging geldig tot Handtekening = __|_Functie of titel

lor
éﬁ's_?é tloyd's Register Nederland B.V.
C.A. Stedelaar
Groningen Office

Januari 2010 Januari 2012 .
D\'»’»!ncszedﬂﬂmrwed‘D Examuned %»‘

Bevestiging van de geldigheid door de werkgeverflascodrdinator voor de 3 tijdsperiodes van 6 maanden (zie ook par. 9.2)
Datum verlenging Rapportage Verlenging geldig tot Handtekening Functie of titel

725 - 20064-34-06/
Januari 2010 57-09 Juli 2010 m!) — ENGIMEEIL
RE 20002/ -663
Juli 2010 05’,_ '/0 Januari 2011 “{A‘}\\)}» EIU() fNirC;’z

Januari 2011 Juli 2011

Juli 2011 Januari 2012

Verlenging van de kwalificatie door de beoordelaar/keuringsinstantie voor de volgende 2 jaar (zie ook par. 9.3)
Datum verlenging Verlenging geldig tot Handtekening Functie of titel

Januari 2012 Januari 2014

1) Rapportage dient tevens te voldoen aan de voorwaarde van bijlage D van EN 287-1 (uitg. 05-2004)

Bgiva Tank- en apparatenbouw - Leidingwerk - Reparatie - Onderhoud van fabrieken en scheepvaart.

Ontwerpen « Keuringen « Lassen « Plasma lassen - Plasma snijden « Walsen » Knippen » Beitsen » Passiveren
Ontwerpers en vervaardigers van procesapparatuur voor de chemische-, petrochemische- en voedingsmiddelenindustrie.

Op al onze offertes, alle opdrachten aan ons en op alle met ons gesluten overeenkomsten zij toepasselijk de METAALUNIE VOORWAARDEN gedeponeerd ter griffie van de



" ASMETHODE-BESCHRIJVING

(Welding procedure specification)

Basis materiaal Afmeting/Dikte
(Basemalerial) 1 A312 TP316L (Dimension/Thickness 02],3X3, 73
Basis materiaal Afmeting/Dikte
(Basematerial) 2 A312 TP316L {Dimension/Thickness H21,3X3, 73
Uitvoering volgens Geldig voor pijpdiameter
(Performed acc. to) EN 288-3 / ASME IX {Diameter range qualified) 21,3-42,6mm / >=21,3mm
Materiaalgroep : 1 2 | Geldig voor materiaaldikie
(Material group) 9 / 8, 1 9 / 8, 1 {Thickness range qualified) 3,0—7, dmm / max.7,4mm
Lasproces Hechtlas (Tack weld) Grondlaag (Root pass) Vullagen (Filling passes) ~_Tegenlas (Back weld) Oplassen (Overlay weld) ]
(Welcing proces) HL 141/GTAW| oL 141/ GTAW| vL 141/ GTAW| 1L oL
70°
< 2 _ / /
/
2
D / Pavsd R
,,,J_Ll:z_ / /
Lasnaadvorm Lasvolgorde
{Weld edge preparation) {Sequence of passes)
Laslaag| LP |lLastoevoegmateriaal Dia Klasse (Class) ASME IX Laspositie Stroom (Current) Voltage| Lassnelheid [mm/min]
{Pass) | (Wp) |(Welding filter material) (Dia) SEA ‘ AWS ENo. | AN, |(eiding position) dzgc n Amperage v (Rate of ravel [mm/min})
0 | HL|316L-Si/SKR-Si %) | 2,0 | 590 | ER3161.5( 6 | 8 PC/2G| = | - | 90-110 | 24 e
1 | GL |316L-Si/SKR-Si %) | 2,0 | 590 | ER3161.5{ | 6 | 8 |PC/2G| = | - | 90-110 | 24 100
2-x| VL |316L-Si/SKR-Si %) | 2,0 | 590 | ER3I6LSi | 6 | 8 |PC/2G| = | - | 90-110 24 100
*) Avesta Polarit
Bewerken faskanten Branden—Hakken—Mach-bewerk - Sljpen  |Beschermgas 0 .
(Preparation edges) (Gutting—Chippiag—Maohiniag - Grinding) (Shielding gas) Argon 99,995% Vrmin 15-20
Bewerking tegenias Lasgas _ i o
(Preparation backwelding) T (Welding gas) - - - min -
Warmtebehandeling Voorverwarmen Beschermgas 0 )
{Heat treatment) (Preheating) (Backing gas) A [g on 9 9’9 9 5% - min 8-12
NeelYes Temp. tijidens lassen _ Nawarm temp.
- (Interpass temp.) - ) {Soaking Temp.) T
o Isolatie L Nawarm tiid
f {Insulation) (Soaking time) T
Gloeien I Nee I Lasmethode - kwalificatie nr.
(Post weld heat treatment) ’ (Noj ; ¢ {Procedure Qualification Record no.) MKW 04-0066
Onderzosk | IOverige .
(Inspection) ! RT o ! uT o MTIPT T (Others) Visual
Opgesteld Datum . Wijziging
(Prepared) B. van WC‘S’I(:‘IOP |(Date) 10-04-08 (Revision) 0
Goedgekeurd QA-H&M Goedgekeurd kiant Goedgekeurd keuringsinstantie
(Approved QA-dep.) (Approved customer) (Approved inspection authority)
Mm " K{IE HOEFNAGEL & MEIIN B.V. ZAANDAM-HOLLAND WPS Nr.
i f INDUSTRIETERREIN ACHTERSLUISPOLDER UITERDIK 4, 1505 GW ZAANDAM Q443]g




STORI"

Materials Technology

CERTIFICATE

Stork FDO B.V.

MKW 04-0067, PAGE 1 OF 1

Test sample marked

Welding process [/ -position

1.4404 LPN

Client Hoefnagel & Meijn BV, [NLD] Zaandam Certificate ho. MKW 04-0067
Order no. 04060 Stork FDO order no. OMKW 4038
WPS no. Q4431h Amsterdam 2004-01-28
Code EN 288-3 and ASME section IX.

TEST RESULTS PROCEDURE QUALIFICATION
Test sample / material Welded testpipe & 114.3 x 8.56 wt mm Stainless steel ASTM 312 TP 316L

141 [GTAW] and 136 [FCAW]

PA[1G]

141: Shieldinggas: Argon 99.995%

Filler metal / gas 141: Avesta 316L-Si / SKR-Si [ER316LSI]

136: Avesta FCW-316L-TO-4 136: Shieldinggas: 80% Argon +20% CO;
Weiding joint 141: Backinggas : Argon 99.995%

\%
Heat treatment n.a.

NDT: VISUAL INSPECTION
RADIOGRAPHIC EX.
PENETRANT EXAM.

acceptable [Lloyd's Register Nederland BV]
acceptable [RTD report no. 2003-5065-103 / film no. FO067]
acceptable [RTD report no. 224-2004-04-006]

TENSILE Dimensions Area | Temp. Yield str. Tensile str. Elong. Red Fracture
TEST testpiece ReH/Rp0,2 Rm | Lo mm Character of
Type mm mm? °C MPa [N/mm?] | MPa [N/_mm2] % % failure
Requirements =485 - -
Transverse — 1 12.03x8.3 99.9 RT - 530 - - In pipe mat.
Transverse -~ 2 11.96 x 8.3 99.3 RT - 549 - - In pipe mat.
BEND TEST mandrel; & =4 xt/angle 180° IMPACT TEST Charpy - V temp. °C -60
type results type results || Dimensions mm 10x7.5x55 Area mm? 60
face good root good Location of notch Joules Av.
face good root good Requirements min. 21/ single 15 21
Weld centre 121 -104-104 110
H.a.z 184 - 185 — 184 186
MACRO SPECIMEN acceptable

Conclusion/Remarks : Approved

. Authorised: G.V. Tokarenko

N
QD
TESTEN

RvA L 048

S

1 Reviewad /L) Examn

Stork FDO B.V. (Registration Chamber of Commerce Amsterdam number 33194077) is an operating unit of Stork Materials Technology B.V., Amsterdam,

The Netherlands, which is a member of the Stork group
Site Amsterdam: Czaar Peterstraat 229, 1018 PL, P.QO. Box 379, 1000 AJ, Phone (020) 556 35 55, Fax (020) 556 35 56




Certificate no: 188613 / CAS / 1105 rev. A

Page 1 of 1

Welding Procedure Qualification Certificate

RIS (EN1SO 15614-1)

Manufacturer's Welding Procedure Qualification

Record No.;
Manufacturer:
Address:

Welders Name

CoderTesting Standard:
Date of Welding:

Welding Process{es):

Type of joint and weld:

Parent material group(s) and sub-group(s):

" Parent Material Thickness (mm):

Weld Metal Thickness (mm):
Throat Thickness (mm)

Single Run/Multi Run

Qutside Pipe Diameter (mm):

Filler Material Designation:

Filler Material Make:

Filler Material Size:

Designation of Shielding Gas/Flux:
Designation of Backing Gas:

Type of Welding Current and Polarity:
Mode of Metal Transfer:

Heat input:

Welding Positions:

Preheat Temperature:

interpass Temperature:

Post-Heating:

Post-Weld Heat Treatment and/or Ageing:

Energy - Downstream, Power and Manufacturing

Examining body
Reference No:

WPS Q4431h (d.d. 06-01-2004) LR 0038/ 188613

Hoefnage! & Meijn B.V.
Uiterdijk 4, 1505 GW Zaandam
J. J. Tanger (JT12)

EN ISO 15614-1; 2004 / Pressure Equipment Directive 97/23/EG
16 January 2004

141 (GTAW) / 136 (FCAW)

BW

8.1 -- 8.1 (material test piece ASTM A312 TP316L)
3--17.0 mm

3--17.0 mm

N.A.

Muiti run

=57 mm

Avesta 316L Si/SKR Si / Avesta FCW 316L TO-4
Solid / Fluxcored

2,0 mm/ 1,2 mm

99,99% Ar (EN 14175 11) / 80% Ar 20% CO2 (EN 14175 M21)
99,99% Ar (EN 14175 11)

DC-/DC-

N.A. / Spray and globular transfer

See WPS Q4431h (d.d. 06-01-2004)

Al, excluded PG & J-L045

See WPS Q4431h (d.d. 06-01-2004)

Max. 150 °C

N.A.

N.A.

Qualification according to EN 288-3 with identification 164410/CAS689 (d.d. 15-03-2004) has been revised and therefore re-written,

Based on examination during welding the test-coupon, followed by destructive and non destructive testing according to Standard/Code
the qualification is technically equivalent with EN ISO 15614-1; 2004. See also Lab. Report MKW 04-0067 (d.d. 2004-01-28).

Certified that test welds were prepared, welded and tested satisfactorily in accordance with the requirements of the code/testing standard indicated

above.

Location: Zaandam

Date of issue: 25 April 2008

Surveyor

C.A. Stedelaar

=
W_llnEsseﬁ@wewg@xarmncﬁ %)

A member of the Lioyd's Register Group

Examining Body LR 0038

Lloyd's Register, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and collectively, referred to in this clause as the 'Lioyd's
Register Group'. The Lloyd's Register Group assumes no responsibility and shall not be liable to any person for any loss, damage or expense caused by reliance on the
information or advice in this document or howsoever provided, unless that person has signed a contract with the relevant Lioyd's Register Group entity for the provision of
this information or advice and in that case any responsibility or liability is exclusively on the terms and conditions set out in that contract.

Form 4102 (2009.07)



STORIS®

Materials Technology

CERTIFICATE

Stork FDO B.V.

MKW 04-0067A, PAGE 1 OF 1

Client

Order no. 04080
WPS no. Q4431h
Code

Hoefnagel & Meijn BV, [NLD] Zaandam

EN 287-1[2003] and ASME section IX.

Certtificate no.
Stork FDO order no.
Amsterdam

MKW 04-0067A
OMKW 4038
2004-01-28

WELDER PERFORMANCE QUALIFICATION

Method of identification
Place and date of birth
Job knowledge

Test sample marked 1.4404 LPN
Welder name J.J. Tanger
Identification JT12

Passport no. H479971
[NLD] Westzaan // d.o.b. 20-12-1953
n.a.

weld test details range of approval
EN 287-1 [2003] ASME sect. IX
Welding process root 141 [GTAW] 141 GTAW
fill. 136 [FCAW] 136 FCAW

Plate [P]-or pipe [T} T PT PT
Joint type BW BW FW BW FW
Parent metal group(s] ‘ ASTM A312 TP 316L 8-92-93-10 P1 up to P11
Filler metal type / designation 141 Avesta 316L-Si / SKR-Si [ER316LSi] | S F6

136 Avesta FCW-316L-TO-4 S M F6
Shielding gas 141 Argon 99.995% - -

136 80% Argon + 20% CO» - -
Backing gas 141 Argon 99.995% - B
Test sample thickness [mm] 8.56 3-1712 Max. 17.12
Pipe outside diameter [mm] 114.3 = 57.15 273
Welding position PA[1G] PA PB F
Performance ss ssmb nb one- and two side
Gouging / backing nb bs

Number RESULTS
Visual ex. 1 accepted by Lloyd's Registe rNed. BV]
Radicgraphic ex. 7 acceptable [RTD report no. 2003-5065-103 / film no. FO0G7]
Bend test face 1 acceptable
root 1 acceptable

Mandrel & 4xt / angle 180 °

Conclusion/Remarks: Approved

Authorised: G.V. Tokarenko

AN
QN
TESTEN
RvA 1 045

Stork FDO B.V. (Registration Chamber of Commerce Amsterdam number 33194077) is an operating unit of Stork Materials Technology B.V., Amsterdam,

The Netherlands, which is a member of the Stork group
Site Amsterdam: Czaar Peterstraat 229, 1018 PL, P.O. Box 379, 1000 AJ, Phone (020) 556 35 55, Fax (020) 556 55 56




Certificate no: 188613 / CAS / 1105 rev. A

Page 1 of 2

Welder Qualification Test Certificate
(EN 287-1:2004)

Energy Downstream, Power and Manufacturing

&eg.vs d

Designation:

Welding Procedure
Specification Reference No.

Welder's Name
Identification:

Method of Ideptification:
Date and place of birth:
Employer:

Code/Testing Standard:

Job knowledge:

Welding process(es)
Plate or pipe
Type of weld

T

EN'287-1.141/136 T BW 8.1 S/Rt8 56 D1143 PAss nb ml

Examining Body:
Reference No:

WPS Q4431h (d.d. 06-01-2004) LR 0038/ 188613
J. Tanger '

JT12

HA479971 / Passport

20-12-1953 / Westzaan

Hoefnagel & Meijn B: V.

EN 287-1; 2004 / Pressure Eqmpment Directive 97/23/EG

Photograph
(if required)

Not Tested

Test plece ‘~Range of quahﬁcatlon :

141/ 136 (GTAW / FCAW) 141 / 136 (GTAW / FCAW)
£ T P

BW ‘BW FW

8.1 (ASTM A31 . 89 2+9 3‘ 10

Material group(s)

Filler metal type/designation

shielding gas. ;
Au><|I|anes (e g. backmg gas, ﬂux)

Matenal thickniess (mm)
Pipe outside diameter {mm)

; We!dihg positions, -

Weld details

| 99,99% Ar/80% Ar 20% CO2 (EN
99.99% Ar (EN 14175 1)

v856mm

PA

S / R (Avesta 316L Si/SKR Si / FCW-316L-TO-4) S/R,P,VW,Y,Z

1751UM21)  Similar

Simitar

114,3 mm

ss, nb, mi

: ss, bs, nb, mb, s, mi

Additional information is available on attached sheet and/or welding procedure specification No.

Type of qualification test

Performed and

WPS Q4431h (d.d. 06-01-2004)

Not tested Surveyor

acceptable

X
X

Visual testing

Radiographic testing

Ultrasonic testing

Magnetic particle/penetrant test
Macroscopic examination
Fracture test

Bend:test

Notch tensile test

Date of welding:

16 January 2004

C.A. Stedelaar

A member of the Lioyd's Register Group

Date of Issue:

XXX XX

Location: Zaandam

validity of qualification until: 25 April 2010

25 april 2008 (see page 2)

Ble /»/4”'—
1

AS
thnesse@a&euev eqﬁF x

iy
M
armined

Lioyd's Register, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and collectively, referred to in this clause as the "Lioyd's
Register Group'. The Lloyd's Register Group assumes no responsibility and shall not be liable to any person for any loss, damage or expense caused by relfance on the
information or advice in this document or howsoever provided, unless that person has signed a contract with the relevant Lioyd's Register Group entity for the provision of
this information or advice and in that case any responsibility or liability is exclusively on the terms and conditions set out in that contract.

Form 4101 (2009.09)



Hoefna ijn b.v.

Verlenging volgens EN 287-1 (uitg. 05-2004) van:

Naam : J.J. tanger
Kenmerk :JdT12 WPS :Q4431h
Datum uitgave kwalificatie Verlenging geldig tot Handtekening _peFunetieoftitel
[(e85ter Lioyd's Register Nederland B.V
C.A. Stedelaar
Januari 2004 Januari 2006 Groningen Office N
DerrwnedN’Newewd/DE:armnen :&‘

Bevestiging van de geldigheid door de werkgever/lascodrdinator voor de 3 fijdsperiodes van 6 maanden (zie ook par. 9.2)

Datum verlenging Rapportage K Verlenging geldig tot Handtekening Functie of titel
o EGIME FR
Juli 2004 Januari 2005 3 MEF
04- 0% LI~
4500
Januari 2005 ip-o Juli 2005 &f . ENBILEER
(561
Juli 2005 ;oo Januari 2006 &LK~ EMGIMVEEL
02-03% :

Verlenging van de kwalificatie door de beoordelaar/keuringsinstantie voor de volgende 2 jaar (zie ook par. 9.3)
Datum verlenging Verlenging geldig tot Handtekening _~1_Functie of titel
é‘e‘%?’s?‘ésr Lloyd's Register Nederland B.}V.
C.A. Stedelaar
Groningen Office
[ anesxedﬂwx rewed! [T Examined

Januari 2006 Januari 2008

b

Bevestiging van de geldigheid door de werkgever/lascodrdinator voor de 3 fijidsperiodes van 6 maanden (zie ook par. 9.2)

Datum verlenging Rapportage " i Verlenging geldig tot Handtekening Functie of titel
2 -2005-3 6003
Januari 2006 N~ BE Juli 2006 &g‘)@/ . ENBIAMVEER
/1501 :
Juli 2006 ¢ Januari 2007 [:% ENGI MEER
ps-ob
/50t

Januari 2007

o -0 Juli 2007 R ENGIVEER

93493/2 ;
Juli 2007 01-07 Januari 2008 &Qfﬁ ERGIVEER

Verlenging van de kwalificatie door de beoordelaar/keuringsinstantie voor de volgende 2 jaar (zie ook par. 9.3)
Datum verlenging Verlenging geldig tot Handtekening 71 Functie-of titel
réeké}g?.esonyd's Register Nedertand BV,
C.A. Stedelaar
Groningen Office &

0 W<mex>edwﬂu\ rewedds [T xanuned %}

Januari 2008 Januari 2010

1) Rapportage dient tevens te voidoen aan de voorwaarde van bijlage D van EN 287-1 (uitg. 05-2004)

Exivua Tank- en apparatenbouw - Leidingwerk « Reparatie - Onderhoud van fabrieken en scheepvaart.

Ontwerpen « Keuringen « Lassen » Plasma lassen « Plasma snijden » Walsen » Knippen « Beitsen + Passiveren
Ontwerpers en vervaardigers van procesapparatutr voor de chemische-, petrochemische- en voedingsmiddelenindustrie.

Op al onze offertes, alte opdrachten aan ons en op alle met ons gesloten over‘eenkom#enizij toepasselijk de METAALUNIE VOORWAARDEN gedeponeerd ter griffie van de




Hoefnagel

Verlenging volgens EN 287-1 (uitg. 05-2004) van:
Naam . J.J. tanger

Kenmerk (JT12 WPS :Q4431h

Bevestiging van de geldigheid door de werkgever/lascodrdinator voor de 3 tijdsperiodes van 6 maanden (zie ook par. 9.2)
Datum verlenging Rapportage " Verlenging geldig tot Handtekening Functie of titel

avey /493
Ty
10587/ 15

i<
Juli 2008 He-oQ Januari 2009 Q}Qgr ENGEER
B
(i~

Juli 2008

Januari 2008 ELGIHAEFR

031 b &1 Joob
Januari 2009 } L-b@ Juli 2009

ENGIVEER

20458

Oéb% ENCIOEER

Juli 2009 Januari 2010

Verlenging van de kwalificatie door de beoordelaar/keuringsinstantie voor de volgende 2 jaar (zie ook par. 9.3)

Datum verlenging Verlenging geldig tot Handtekening J-Eunctie-oftitel
o ég%?esr Lloyd's Register Nederfand B.V.
. e C.A. Stedelaar
Januari 2010 Januari 2012 A Groningen Office w
h DW;(nesse(ﬁRewewnd/[][xammed :}i&
Bevestiging van de geldigheid door de werkgever/lascodrdinator voor de 3 tijdsperiodes van 6 maanden (zie ook par. 9.2)
Datum verlenging Rapportage " Verlenging geldig tot Handtekening Functie of titel
725 - 1009 ~43-0cd

Januari 2010 108 Juli 2010 R ENGILEER

F28 -2 -21-002
Juli 2010 re. ’/0 Januari 2011 BM EMNEIIEET

Januari 2011 Juli 2011

Juli 2011 Januari 2012

Verlenging van de kwalificatie door de beoordelaar/keuringsinstantie voor de volgende 2 jaar (zie ook par. 9.3)
Datum verlenging Verlenging geldig tot Handtekening Functie of titel

Januari 2012 Januari 2014

1) Rapportage dient tevens te voldoen aan de voorwaarde van biflage D van EN 287-1 (uitg. 05-2004)

Ecivua Tank- en apparatenbouw « Leidingwerk - Reparatie - Onderhoud van fabrieken en scheepvaart.

gecertificeard

Ontwerpen « Keuringen » Lassen « Plasma lassen « Plasma snijden - Walsen « Knippen - Beitsen « Passiveren
Ontwerpers en vervaardigers van procesapparatuur voor de chemische-, petrochemische- en voedingsmiddelenindustrie.

Op al onze offertes, alle C)pdraczhten aan ons en op alle met ons g_e;'.lmen over_eenkom§ten Zij ﬁoepasseiijk de METAALUNIE VOORWAARDEN gedeponeerd ter griffie van de



' ASMETHODE-BESCHRIJVING

(Welding procedure specification)

Basis materiaal Afmeting/Dikte
(Basematerial) 1 A312 TP316L {Dimension/Thickness 9114,3X8,56
Basis materiaal Afmeting/Dikte
(Basematerial) 2 A312 TP316L {Dimension/Thickness 01]4,3X8,56
Uitvoering volgens Geldig voor pijpdiameter
(Performed acc. to) EN 288-3 / ASME IX (Diameter range qualified) >=5 7,2—111111 / >=73mm
Materiaalgroep 1 2 Geldig voor materiaaldikte
(Materiat group) 9 / 8, 1 9 / 8, 1 (Thickness range qualified) 3,0-1 7,1111111 / max.1 7, Imm
Lasproces Hechtlas (Tack weld) Grondlaag (Root pass) Vullagen (Filling passes) Tegenlas (Back weld) Oplassen (Overlay weld)
(Welding proces) HL 141/ GTAW| GL 141/ GTAW| v 136 / FCAW| TL oL
Lasnaadvorm Lasvolgorde
(Weld edge preparation) (Sequence of passes)
Laslaag] LP [Lastoevoegmateriaal Dia Klasse (Class) ASME IX Laspositie Stroom (Current) Voitage{ Lassnelheid [mm/min]
(Pass) | (Wp) |(Welding filter material) (Dia) SFA AWS Fro. | ANo. {Welding position)) dzgc " Amperage v {Rate of travel {mm/min})
0 | HL |316L-Si/SKR-Si %) | 2,0 | 5,90 ER316LSi 7] 8 [PA/IG| = | —— | 100-120) 24 -
1 | GL |316L-Si/SKR-Si® | 2,0 | 590 | ER316LSi | 6 | § |PA/IG| = | - |100-120| 24 150
2-x | VL |FCW-316L-TO-4%).| 1.2 | 520 | ER3I6LSi | 6 | 8 |PA/I1G| = | - |200-240| 30 200
*) Avesta Polarit
B k i lask Sl Besch
ewerken laskanten Branden—Hakken—Mach--bewerk: - Sljpen  {Beschermgas 0 )
{Preparation edges) (Gutting—Ghioping—Maehising - Grinding) (Shielding gas) M_Al‘g on 9 9’ 9 9 5/0 Vimin 15 -2 0
Bewerking tegenlas Lasgas 0 a . y
{Preparation backwelding) - {Welding gas} A[g on 2 04 COZ 804 Vimin 20-25 N
Warmtebehandeling Voorverwarmen Beschermgas ) .
(Heat treatment) ___ [Preheating) (Backing gas) Al‘g on 9 9’ 9 g ‘?4 Vimin 8-12
NeelYes Temp. tijdens iassen . Nawarm temp.
N - {Interpass temp.) . (Soaking Temp.) -
| o |isolatie Nawarm tijd o
[ (Insulation) T (Soaking time) -
Gloeien Nee o Lasmethode - kwalficatie nr. KW
(Post weld heat treatment) (No) C (Procedure Qualification Record no.) M, 04-0067
Onderzoek i . Overige .
{Inspection) | RT o | uT 3 MT/PT o (Others) Visual
Opgesteld Datum Wijziging
(Prepered) B. van Westerop i (Dste) 10-04-08 (Revision 0
Goedgekeurd QA-H&M Goedgekeurd kfant Goedgekeurd keuringsinstantie
(Approved QA-dep.} {Approved customer) (Approved inspection authority)
m’wm M, WE[ HOEFNAGEL & MEIJN B.V. ZAANDAM-HOLLAND WPS NI,
] {i S f 3 " INDUSTRIETERREIN ACHTERSLUISPOLDER UITERDIJK 4, 1505 GW ZAANDAM 4431k
i ! b,
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UNROUNDNESS CERTIFICATE

Manufacturer : Hoefnagel & Meijn B.V. Name : CO2 ACCUMULATOR
Manufacturer Order No. : 10.345 ftem No. : F-260
Client : Nikhef Instituut
NoBo : Lloyd's Register Client Order No. : 43090
NoBo Order No. : 8087127 Purchaser : -
Purchase Order No. : -
Diameter vat = 168 mm Lengte romp = 1400 mm
Wand dikte = 7 mm Aantal metingen = 33

Inwendige diameter = 154 mm Meet afstand = 42 mm
1. middelijn D1 = 168,2 mm 1. middelijn D2 = 167.,9 mm
2. middelin D1 = 168,7 mm 2. middelijin D2 = 168,5 mm
3. middelin D1 =  168,8 mm 3. middelijn D2 = 168,6 mm
4. middelijn D1 = 168.8 mm 4. middelijn D2 = 168,5 mm
5. middeliin D1 =  168,8 mm 5. middelijn D2 = 168,7 mm
6. middelin D1 =  168,6 mm 6. middelijn D2 = 168,6 mm
7. middelijn D1 = 168,7 mm 7. middelijn D2 = 168,6 mm
8. middeliin D1 = 168,7 mm 8. middelin D2 =  168.,6 mm
9. middeliinD1 =  168,8 mm 9. middelijin D2 = 168,7 mm
10. middelin D1 =  168,8 mm 10. middelijn D2 = 168,8 mm
11. middelijin D1 = 168,9 mm 11. middeliin D2 = 168,7 mm
12. middeliin D1 = 168,7 mm 12. middelijn D2 = 168,7 mm
13. middeliin D1 = 168,7 mm 13. middeliin D2 = 168,6 mm
14. middelijin D1 =  168,8 mm 14. middeliijn D2 = 168,6 mm
15. middelijn D1 = 168,8 mm 15. middeliin D2 = 168,6 mm
16. middelijn D1 = 168,7 mm 16. middelijn D2 = 168,6 mm
17. middeliin D1 =  168,8 mm 17. middeliin D2 =  168,6 mm
18. middelijn D1 = 168,8 mm 18. middelijn D2 = 168,7 mm
19. middeliin D1 = 168,8 mm 19. middelijn D2 = 168,9 mm
20. middelijn D1 = 168.,8 mm 20. middelijin D2 = 168,7 mm
21. middelijin D1 =  168,9 mm 21. middelijn D2 = 168,9 mm
22. middeliin D1 =  168,8 mm 22. middelijn D2 = 168,8 mm
23. middelijin D1 = 168,8 mm 23. middelin D2 = 168,7 mm
24. middelijin D1 = 168,9 mm 24. middelin D2 = 168,7 mm
25. middelijin D1 = 168,9 mm 25. middelin D2 =  168,8 mm
26. middelijin D1 = 168,9 mm 26. middelin D2 = 168,7 mm
27. middelijin D1 = 168,9 mm 27. middelin D2 =  168,8 mm
28. middeliin D1 = 168,7 mm 28. middelin D2 =  168,8 mm
29. middelijin D1 = 168,7 mm 29. middelin D2 =  168,8 mm
30. middelijin D1 = 168,7 mm 30. middeliin D2 =  168,9 mm
31. middeliin D1 =  168,6 mm 31. middelin D2 =  168,9 mm
32. middelin D1 = 168,6 mm 32. middelin D2 =  168,9 mm
33. middeliin D1 = 168,2 mm 33. middelin D2 =  168,4 mm
34. middelijn D1 = 0,0 mm 34. middelijn D2 = 0,0 mm

DATE:
29 september 2010

INSPECTION NoBo

INSPECTION CLIENT

Nikhef Instituut

INSPECT. MANUFACTURER

Hoefnagel & Meijn B.V.

”ﬁ%gel en Meijn B
- van Westerop

A
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UNROUNDNESS CERTIFICATE

DATE: ,
29 september 2010 v

i

AP ONHG

Iy
Wiinessadi |f a5 NFF

Vil & G b

Nikhef Instituut

Manufacturer : Hoefnagel & Meijn B.V. Name : CO2 ACCUMULATOR
Manufacturer Order No. : 10.345 ftem No. : F-260
Client : Nikhef Instituut
NoBo : Lloyd's Register Client Order No. : 43090
NoBo Order No. : 8087127 Purchaser : -
Purchase Order No. : -
1.DeltaD = 0,30 mm 18.Delta D = 0,10 mm
2.DeltaD = 0,20 mm 19.Delta D = -0,10 mm
3.DeltaD = 0,20 mm 20.DeltaD = 0,10 mm
4DeltaD = 0,30 mm 21.DeltaD = 0,00 mm
5.Deita D = 0,10 mm 22.DeltaD = 0,00 mm
6.DeltaD = 0,00 mm 23.DeltaD = 0,10 mm
7.DeltaD = 0,10 mm 24.DeltaD = 0,20 mm
8.DeltaD = 0,10 mm 25.DeltaD = 0,10 mm
9.DeltaD = 0,10 mm 26.Delta D = 0,20 mm
10.Delta D = 0,00 mm 27.DeltaD = 0,10 mm
11.DeltaD = 0,20 mm 28.DeltaD = -0,10 mm
12.Delta D = 0,00 mm 29.Delta D = -0,10 mm
13.DeltaD = 0,10 mm 30.DeltaD = -0,20 mm
14DeltaD = 0,20 mm 31.DeltaD = -0,30 mm
15.DeltaD = 0,20 mm 32.DeltaD = -0,30 mm
16.Delta D = 0,10 mm 33.DeltaD = -0,20 mm
17.DeltaD = 0,20 mm 34.DeltaD = 0,00 mm
Voerstraalafwijking
1. Deltar = 0,30 18. Deltar = 0,10
2. Deltar = 0,20 19. Deltar = -0,10
3. Deltar = 0,20 20. Deltar = 0,10
4. Deltar = 0,30 21. Deltar = 0,00
5. Deltar = 0,10 22. Deltar = 0,00
6. Deltar = 0,00 23. Deltar = 0,10
7.Deltar = 0,10 24. Deltar = 0,20
8. Deltar = 0,10 25. Deltar = 0,10
19. Deltar = 0,10 26. Deltar = 0,20
10. Deltar = 0,00 27. Deltar = 0,10
11. Deltar = 0,20 28. Deltar = -0,10
12. Deltar = 0,00 29. Deltar = -0,10
13. Deltar = 0,10 30. Deltar = -0,20
14. Deltar = 0,20 31. Deltar = -0,30
15. Deltar = 0,20 32. Deltar = -0,30
16. Deltar = 0,10 33. Deltar = -0,20
17. Deltar = 0,20 34. Deltar = NVT
INSPECTION NoBo INSPECTION CLIENT |INSPECT. MANUFACTURER

Hoefnage! & Meijn B.V.

sfmagel en Meijn E
an Westerop

\
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) PRESSURE- & LEAKTEST CERTIFICATE |

Manufacturer : Hoefnagel & Meijn B.V. Name : CO2 ACCUMULATOR
Manufacturer Order No. : 10.345 ltem No. : F-260
Client : Nikhef Instituut
NoBo : Lioyd's Register Client Order No. : 43090
NoBo Order No. : 8087127 Purchaser : -
Purchase Order No. : -
HYDRAULIC PRESSURE TEST
VESSEL COIiL 1
MEDIUM N.A. Water
TEST PRESSURE N.A. 23 Barg
TEST TIME N.A. 1 Hour
PNEUMATIC LEAKTEST
VESSEL COIL 1
MEDIUM N.A. N.A.
TEST PRESSURE N.A. N.A. Barg
TEST APPARATUS N.A. N.A.
REMARKS:
Manometer Vessel :
Manometer Coil 1 : 1007-01491

THE ABOVE MENTIONED PRESSURE/LEAKTEST HAS BEEN EXECUTED WITH A POSITIVE RESULT

DATE:
22 oktober 2010

PERFORMED AT:
Hoefnagel & Meijn B.V.

INSPECTION NoBo

Lloyd's Ref@7"

INSPECTION CLIENT

Nikhef Instituut

INSPECT. MANUFACTURER

Hoefnagel & Meijn B.V.

. Hoefnagel en Meijn v
B. van Westerop

PL-10.345-01



STORIS®

Materials Technology

Stork Intermes B.V. CERTIFICATE OF CALIBRATION

1007-01491
Customer information
Client . Hoefnagel en Meijn B.V.
Contact . Simon van der Mast
Address ;. Uiterdijk 4
1505 GW ZAANDAM
The Netherlands
Reference client :
Reference Stork . 201006244/8
Instrument information
Make / type : WIKA/EN 837-1
Description : Manometer
Range / hom. size . 0..40 bar
Serial number :
ldentification number . 600005
Accuracy :
Date of calibration . 06-07-2010
Used method : M 212-902 Pressure measurement
Environmentai : Ambient temperature :23°C +2°C
conditions Relative humidity 1 45%rh + 20%rh
Used reference . The measurements have been executed using standards for which the traceability to
(inter)national standards can be demonstrated.
83825/6 Digital pressure indicator
Note . Recommended recalibration date : 06-07-2011
Conclusion : There were no deviations ascertained of the specified tolerances. This has been

determined without taking into account the measuring uncertainty.

Measure technician Issue date: 06-07-2010
Dirk Bonthuis

e

L.angelermaatweg 10

Unless otherwise expressly agreed with us in writing, all Reproduction of the complete certificate is aliowed. Parts of
our supplies are exclusively subject to our Terms of the certificate may only be reproduced with written approval of

7653 JD Hengelo (OV) Delivery and all our work is exclusively carried out by us the calibration laboratory.
The Netherlands subject to the stipulations concerning the Execution of
Telephone + 31 74 240.81.61 Works as registered at the Chamber of Commerce at

Amsterdam under nr. 34302047,

Telefax + 31 74 240.81.66
E-mail gmo.fdo@stork.com

page 1 of 2




STORIs®

Materials Technology

Stork Intermes B.V. CALIBRATION CERTIFICATE

1007-01491

1 0,00 0,00 0.00 0,40 023 bar 0%
2 7,93 8,00 0,07 0.40 0,23 bar 19%
3 15,97 16,00 0,03 0,40 0,23 bar 7%
4 23,87 24,00 0,13 0,40 023 bar 33%
5 31,93 32,00 0,07 0,40 023 bar 17%
6 40,00 40,00 0,01 0,40 0.23 bar 1%
7 31,88 32,00 0,13 0,40 0,23 bar 31%
8 23,84 24,00 0,16 0,40 0,23 bar 40%
9 15,86 16,00 0,14 0,40 023 bar 34%
10 7,88 8,00 0,12 0,40 0,23 bar 30%
11 0,00 0,00 0,00 0.40 0,23 bar 0%

page 2 of 2



") PRESSURE- & LEAKTEST CERTIFICATE |

Manometer Vessel :
Manometer Coil 2 : 1003-08031

Manufacturer : Hoefnagel & Meijn B.V. Name : CO2 ACCUMULATOR
Manufacturer Order No. : 10.345 ltem No. : F-260
Client : Nikhef Instituut
NoBo : Lloyd's Register Client Order No. : 43090
NoBo Order No. : 8087127 Purchaser : -
Purchase Order No. : -
HYDRAULIC PRESSURE TEST
VESSEL COIL 2
MEDIUM Water
TEST PRESSURE 23 Barg
TEST TIME 1 Hour
PNEUMATIC LEAKTEST
VESSEL COlL 2
MEDIUM N.A. N.A.
TEST PRESSURE N.A. N.A. Barg
i ,,,,, - —
TEST APPARATUS [ N.A. N.A.
i _ i
REMARKS:

THE ABOVE MENTIONED PRESSURE/LEAKTEST HAS BEEN EXECUTED WITH A POSITIVE RESULT

DATE:

22 oktober 2010

PERFORMED AT:
Hoefnagel & Meijn B.V.

INSPECTION NoBo

Lioyd's Regigter

INSPECTION CLIENT

Nikhef Instituut

INSPECT. MANUFACTURER

Hoefnagel & Meijn B.V.

==, Hoefnagel en Meijn B
Y @, van Westerop
0N =

Pia

PL-10.345-02



STORIS®

Materials Technology

Stork Intermes B.V.

CERTIFICATE OF CALIBRATION

Customer information

Client
Contact
Address

Reference client
Reference Stork

Instrument information

Make / type
Description

Range / nom. size
Serial number
Identification number
Accuracy

Date of calibration

Used method

Environmental
conditions

Used reference

Note

Conclusion

Measure technician
Patrick Scholten

. Ambient temperature

. Recommended recalibration date

1003-08031

. Hoefnagel en Meijn B.V.
. Dhr. B. van Westerop
. Uiterdijk 4

1505 GW ZAANDAM
The Netherlands

- 201002512/5

: GOMMER BV /EN 837-1
: Test gauge

: 0..40bar

: 122857006

. 600016

1% fs.

18-03-2010

: M 212-902 Pressure measurement

:23°C+£2°C

Relative humidity : 45%rh £ 20%rh

. The measurements have been executed using standards for which the traceability to

(inter)national standards can be demonstrated.

83825/5
920601/4

Digital pressure indicator
Digital pressure indicator

1 18-03-2011

. There were no deviations ascertained of the specified tolerances. This has been

determined without taking into account the measuring uncertainty.

Issue date: 18-03-2010

R

Langelermaatweg 10
7553 JD Hengelo (OV)
The Netherlands

Telephone + 31 74 240.81.61

Telefax + 31 74 240.81.66
E-mail gmo.fdo@stork.com

Unless otherwise expressly agreed with us in writing, all Reproduction of the complete certificate is aliowed. Parts of
our supplies are exclusively subject to our Terms of the certificate may only be reproduced with written approval of
Delivery and all our work is exclusively carried out by us the calibration laboratory.

subject to the stipulations concerning the Execution of

Works as registered at the Chamber of Commerce at

Amsterdam under nr. 34302047.

HINGRIMERN

3 03 1 %

K

page 1 of 2
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STORIS®

Materials Technology

Stork Intermes B.V. CALIBRATION CERTIFICATE
1003-08031

0,00 0,00 0,00 0,40 0,24 bar g 0%

1

2 8,12 8,00 -0,12 0,40 0,24 barg | -30%
3 16,25 16,00 -0,25 0,40 0,24 barg | -61%
4 24,39 24,00 -0,39 0,40 0,24 barg | -98%
5 32,38 32,00 -0,38 0,40 0,24 barg | -94%
6 40,25 40,00 -0,25 0,40 0,24 barg | -63%
7 32,29 32,00 -0,29 0,40 0,24 barg | -72%
8 24,35 24,00 -0,35 0,40 0,24 barg | -88%
9 16,15 16,00 -0,15 0,40 0,24 barg | -37%
10 8,00 8,00 0,00 0,40 0,24 bar 0%
11 0,00 0,00 0,00 0,40 0,24 bar g 0%

page 2 of 2



B PRESSURE- & LEAKTEST CERTIFICATE

Manufacturer : Hoefnagel & Meijn B.V. Name : CO2 ACCUMULATOR
Manufacturer Order No. : 10.345 ltem No. : F-260
Client : Nikhef Instituut
NoBo : Lloyd's Register Client Order No. : 43090
NoBo Order No. : 8087127 Purchaser : -

Purchase Order No. : -

HYDRAULIC PRESSURE TEST
VESSEL COIL
MEDIUM Water N.A.
TEST PRESSURE 157 N.A. Barg
TEST TIME 1 N.A. Hour
PNEUMATIC LEAKTEST
VESSEL COIL
\ MEDIUM N.A. N.A.
E |
TEST PRESSURE N.A. N.A. Barg
TEST APPARATUS N.A. N.A.

REMARKS:
Manometer Vessel : 1007-01454

Manometer Coil :
THE ABOVE MENTIONED PRESSURE/LEAKTEST HAS BEEN EXECUTED WITH A POSITIVE RESULT

INSPECTION NoBo INSPECTION CLIENT |INSPECT. MANUFACTURER

DATE: Lloyd's Register Nikhef Instituut Hoefnagel & Meijn B.V.
28 oktober 2010 yam

legisir fedariand B\

s Hilefnagel en Meijn B
B. van Westerop

, PERFORMED AT:
1 Hoefnagel & Meijn B.V.

PL-10.345-03



STORIS

Materials Technology

Stork Intermes B.V.

CERTIFICATE OF CALIBRATION

Customer information

Client
Contact
Address

Reference client
Reference Stork

Instrument information

Make / type
Description

Range / nom. size
Serial number
ldentification number
Accuracy

Date of calibration

Used method

Environmentai
conditions

Used reference

Note

Conclusion

Measure technician
Dirk Bonthuis

. Ambient temperature

- Recommended recalibration date

1007-01454

. Hoefnagel en Meijn B.V.

Simon van der Mast

. Uiterdijk 4

1505 GW ZAANDAM
The Netherlands

. 201006244/2

: WIKA/EN 837-1
. Manometer
: 0..250 bar

. 600006

. 07-07-2010

1 M 212-902 Pressure measurement

123°Cx2°C

Relative humidity : 45%rh £ 20%rh

. The measurements have been executed using standards for which the traceability to

(inter)national standards can be demonstrated.
4391/2 Drukbalans

: 07-07-2011

. There were no deviations ascertained of the specified tolerances. This has been

determined without taking into account the measuring uncertainty.

Issue date: 07-07-2010

P an

Langelermaatweg 10
7553 JD Hengelo (OV)
The Netherlands

Telephone + 31 74 240.81.61

Telefax + 31 74 240.81.66

E-mail gmo.fdo@stork.com

Unless otherwise expressly agreed with us in writing, all Reproduction of the complete certificate is allowed. Parts of
our supplies are exciusively subject to our Terms of the certificate may only be reproduced with written approval of
Delivery and alt our work is exclusively carried out by us the calibration faboratory.

subject to the stipulations concerning the Execution of

Works as registered at the Chamber of Commerce at

Amsterdam under nr. 34302047,

il

i

1 4

page 1 of 2
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STORIS®

Materials Technology

Stork Intermes B.V. CALIBRATION CERTIFICATE

1007-01454

1 0,0 0 0,0 2,5 1,2 bar 0%

2 50,0 49 -1,0 25 1.2 bar -40%
3 100,0 99 -1,0 25 1.2 bar -40%
4 150,0 148 -2,0 2,5 1,2 bar -80%
5 200,0 198 -2,0 2,5 1,2 bar -80%
6 250,0 249 -1,0 2,5 1.2 bar -40%
7 200,0 198 -2,0 2,5 1.2 bar -80%
8 150,0 148 -2,0 2,5 1.2 bar -80%
9 100,0 99 -1.0 25 1,2 bar -40%
10 50,0 49 -1,0 2,5 1,2 bar -40%
11 0.0 0 0,0 2,5 1,2 bar 0%

page 2 of 2






AV

Visit Report

Visit report number: Date of visit: Office: Control number:
8087127/2 28-10-2010 ROTTERDAM RET0235848
File number: Report issue:
8087127 2
Report of visit to: Hoefnagel & Meijn BV

Uiterdijk 4

1505 GW ZAANDAM
Applicant: NIKHEF Instituut

Postbus 41882

1009 DB AMSTERDAM
Project (if applicable):
Applicant reference: mail 14-07-2010 CO2 accumulator
Applicant order number: 43090
directive 97/23/EC (PED) specific data: Conformity assessment procedure:

Module G

Type of pressure equipment (art. 3): Serial(fabr.) number(s):
Vessel AA 0766
Description / Type: Year of fabrication:
CO2 accumulator 2010
Certificate / Document: Number: Issue:
Revised drawing(s) number(s): Rev. Recalculate ?
Nature and extent of visit: IDocument number: IRev Result *
All specific comments on the certificate / document are fulfilled
Material certificate(s): 1C-10.345-01 [o B
Welding documentation:

Welders Performance Qualification(WPQ): W-10.345-01 0 B

Welding Procedure Qualification Record(WPQR): {W-10.345-01 0 B
Post weld heat treatment(PWHT): NA
Non destructive testing(NDT): X-10.345-01 0 B
Manufacturers:

Test & inspection plan(T&IP): P-10.345-01 0 B

Instructions for use: MAN 10.345-01 0 B

Declaration of conformity: D-10.345-01 0 B

Nameplate & markings: N-10.345-01 0 B
Visual examination:

Internall: B

Internal2:

External: B
Hydrostatic testing witnessed.: PL10.345-01/02/03 0 B
Calibration record(s): 1007-01454 0 B
Other;

All referenced documents and reports shall bear a uniique reference to the (Lloyd's Register) file number.
Remarks / Comments overleaf
NN
ANIH
Form-B1-150 (2010-08) Page 1 of 2




S

Visit Report

Visit report number: Date of visit: Office: Control number:
8087127/2 28-10-2010 ROTTERDAM RET0235848
Remarks / Comments:
Al activities finished, certificate can be issued: Yes
Name in BLOCK CAPITALS Signature Ii
Lioyd's Register Nederland B.V.
HUPPE N, N]’ A member of the Lloyd's Register group - ,,,
o

Surveyor to Lloyd's Register Nederland B.V.

A member of the Lloyd's Register Group

Nico Hu%n; % o
O Witnessed/ (K Rey a/é{i/;;émc.{/ﬂ//

e

e,

Distribution: original

Distribution: cop%s
L

s

J

K

* Inspection Status Key

NA Not Applicable

B Examined and found in accordance with the specification,

BM Examined and amended to be in accordance with the specification, with remarks as
stated in the report.

BQ Examined and not found in accordance with the specification; to be re-inspected by
Lloyd’s Register.

R Rejected, Not acceptable.

Lloyd's Register, its affiliates and subsidiaries and their respective officers, employees or agents are, individually
and collectively, referred to in this clause as the ‘Lloyd's Register Group’. The Lloyd's Register Group assumes no
responsibility and shall not be liable to any person for any loss, damage or expense caused by reliance on the
information or advice in this document or howsoever provided, unless that person has signed a contract with the
relevant Lloyd's Register Group entity for the provision of this information or advice and in that case any
responsibility or liability is exclusively on the terms and conditions set out in that contract.

Form-B1-150 (2010-08)

Page 2 of 2




Document no 8087127-DAD
Issue number 1
Page 1 of 3

&.loy?’s Design Appraisal Document
egrs

er

Lloyd's Register Nederland B.V.
Plan Appraisal Department

Weena-Zuid 170, 3012 NC Rotterdam

Postal; P.O. Box 701, 3000 AS Rotterdam
Telephone: +31(0)10 2014200
Telefax: +31(0)10 4117580

Name
Address

Place

Country

Client Order no.

Type of pressure equipment
Manufacturing no

Project

Subject

ltem

Applicant

- NIKHEF Instituut

- Science Park 105

: 1098 XG AMSTERDAM
: NEDERLAND

1 43090

: Vessel

: AA 0766

: R&D C02 Cooling
- CO2 Accumulator
- F-260

Date
23/08/2010

Quote this reference on all future communications
235848-8087127

Subgontractot’
Hoefndgel & Meijn BV
Uiterdijk 4

1505 GW ZAANDAM
NEDERLAND '

The pressure equipment has been examined for compliance with the design requirements.of the Pressure Equipmént
Directive 97/23/EC based on the chosen conformity module:

Module G: Unit Verification
using the following Code(s) and /or Stayndar‘a(s): :
CODAP Edition 2000. '

1. Based on the result of the risk analysis submitted by the applicant the following applicable load cases have beeh

appraised: :
Load cases: Applicable - Notapplicable Appraised
Internal pressure X _ : o Yes
External pressure X ' ' Yes
Temperature X FE Yes
External nozzle loads X No
Mechanical loads acting on attachments X No
Piping flexibility X No
Fatigue (cyclic service) X No
Loads due to wind X No
Wind induced vibration X No
Loads due to earthquake il ' Ty X NG -

Lloyd's Register, its affiliates and subsidiaries and their respective
Register Group'. The Lloyd's Register Group assumes no responsi
information or advice in this document or howsoever provided, un

Lioyd's Register Nederland B.V.
is 8 member of the Lioyd's Register Group

officers, employees or agents are, individually and collectively, referfed‘to in this clause as the 'Lloyd's
bility and shaik.not be liable to any person for any:loss, damage or expense caused:by. reliance on the
less that person: has signed a contract with the relevant Lioyd's Register Group entity for the provision of

this information or advice and in that case any responsibility or liability is exclusively:on the terms and conditions set out in that contract.

Form 6438CP(2008.07)

This is a copy of an slestronlc dbsimant. 1 the eVant o any.68atliot ar'amblgully tetwiien the oiby and ths dlactiahit dosument,
which is retained and publlshed by Lipyi's'Raglater, the original sleetranls and cortitiad verslon shalt always pravall, :



, Document no 8087127-DAD
loy S Issue number 1
egls er Page 2 of 3

2. Design Data

Chamber vessel

Max./min. allowable Pressure PS  [bar] 110/6

Max./min. allowable Temperature [°C] 35/-50

Test pressure [bar] 157.3

Capacity (vessels) [L] 27,26

DN (piping) [mm] -

Heated surface m’] -

Fluid CO2

Corrosion allowance [mm] 0

No. of cydles (fatigue) -

Lifetime (creep) -

Additional Design Data - 1o
3. PED Data

Chamber vessel

Fluid classification (group) according to 2

PED, article 9

Applicable table acc. PED, article.3 par.1/ 2

PED, appendix I

Category PED, appendix Il ]l (categt:)ry of the vessel is the highest category of any chamber, article 9.3 PED)

4. List of plans, drawings and documents

Plan no./ Line no. Title , \ Rev. Appraisal

. ' Status
40030-ME-00074 Welding assembly accumuiator , A2 |BM
40030-ME-00016 Sphere bottom _ ' J A3 B
40030-ME-00081 6LV, 16 VCR_3_16TB7 o A0 B
40030-ME-00078 Pipe, accumulator body .
40030-ME-00040 ‘Welding connection 4
40030-ME-00079 Cooling spiral
40030-ME-00039 - Accumulator top o
40030-ME-00081_2 VICR Nut 1" Female . A 0
Calculation / Stress Report no. }T1tle | ' Date ] Rev.
40030-ME-00041 Safety Analysis COZ Accumulator CERN.- 21/05/2010 A0
Document no. Title ' Date
AAQ766 Result of the Hazard AnalySIS 02/08/2010 | O

5. Specific comments

5.1. Operating procedures and personnel for permanent joining of components must be approved by a competent
third party, acc. the PED, Appendix |, par. 3.1.2.

5.2. Personnel for non-destructive testing of permanent joints must be approved by a recognized thirdiparty
organization, acc. to the PED. Appendix |, par. 3.1.3.

5.3. According the requirements of the PED the hydrotest pressure Is glven by the formula 1.43 x P £1157.3 barg.

5.4. Valves and other appurtenances shall be delivered CE-marked, and are-no part of the design appraisal. *

5.5. It is concluded that the materials used in the design are in accordangeé with the harmomsed material standards

Lloyd's Register Nederland B:V.
“is a@'member of the Lloyd s Regls’(er Group

Form 6438CP(2008.07)

This Is a copy of an electronic docamant. isiho o ot ot any aBAHiot or amblgulty tetwaen ths o capy andiths dc tranle documant,
.. whio nie rotained a dp ublished by Lisyd's Ratleter, the briginal eleitronic and certiflec versior shall always prévall



Document no 8087127-DAD

y Issue number 1
e lS el" Page 3 of 3

Louis Boone
Senior Surveyor
Lloyd's Register Nederland BV

Appraisal Status Key

B Examined and found in accordance with Pressure Equipment Directive 97/23/EC
Examined and amended to be in accordance with Pressure Equipment, DIFGCUVG 97/23/EC Lizewith

BM
conditions as marked or qualified on the design document

BQ Examined subject to matters identified within the Design Appraisal Document which require resolutlon
these matters shall be re-appraised by Plan Appraisal, Rotterdam:Office

R Rejected, Not acceptable

RI Used for information only

Lioyd's Register Nederland B.V.
Is a:member of the loyd's Register Group
Form 6438CP(2008.07) : :

This Is a copy of an slectronic dbcEmant. If the evertof zny shintlial orambigrily’ hi(wﬂsn the'egpy and the elucuonlc uecumml.
"', which is retainsd and published by Lisyil's Reyister, tHis:original electranic and certifled verafori shall alWays pravall
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l{‘lqus Test Program
egster

CODAP 2000

Registration no: 8087127
Issue: 01

Page1of5

[[] PED Module B (EC-Type examination) The sample to be examined shall
be subject to the following inspections by a Lloyd’s Register surveyor.

[[1 PED Module (B1+) F (Product verification) The following aspects must be
part of the test & inspection plan of the manufacturer and will be checked
during the fabrication and final inspection. Registration number of the

design examination (Mod. B1) is: 900....

X PED Module G (EC Unit verification) The following aspects must be part
of the test & inspection plan of the manufacturer and will be checked during

the fabrication and final inspection.

PED module B: to be signed of
in this document.

Modules F and G: To be signed
of in this document or in the test
& inspection plan, where the
requirements as mentioned in
this document shall be
incorporated.

Drawing number Revision

40030-ME-00074 A2

Description

Date; Signature; Stamp

CONSTRUCTION CATEGORY: B
WELDED JOINT COEFFICIENT, Z= 0,7
NOMINAL DESIGN STRESS: £3
TYPE OF ACCEPTANCE: 11

1.7.1 Welding procedure approval

The welding procedures shall be qualified in accordance with the EN 15O
15614-1 (former EN 288-3).

Check of the required welding procedure qualifications of all welds in- and
on pressure retaining parts. The applied welding method of each weld has to

be indicated.

All welding procedure qualifications have to be made and tested with
proper involvement of a NoBo or a recognized Third Party Organization.

S it
Uoyd's Eegis?e{?\i

egliter Efand By )
‘ A i ;
] N. Huppen i
¢ T

: Gmﬂing? Qfffce
£ _ b
*; Livatneseds Rlyﬂ vszd/uﬁnafmn(«rjy’ J‘gf E
Neas?”

Z EQ/N/ZWL

A summary list and documents to be included in the fabrication file.

172 ‘Wélder approval

The approval operations shall be performed in accordance with the
EN 287-1: 2004.

Welders’ competence must be confirmed for every welder.

All welders and welding operators performance qualifications have to be

made and tested with proper involvement of a NoBo or a recognized Third
Party Organization.

A summary list and documents to be included in the fabrication file.

.17 Visual examination of the vessel
Internal/external visual inspection ~ if necessary during fabrication - of:
¢ entire apparatus including weldconnected parts

The examination must be carried out before the pressure test.

v

Lloyd’s Register, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and collectively, referred to in
this clause as the ‘Lloyd’s Register Group’. The Lloyd's Register Group assumes no responsibility and shall not be liable to any person for any
loss, damage or expense caused by reliance on the information or advice in this document or howsoever provided, unless that person has signed a
contract with the relevant Lloyd’s Register Group entity for the provision of this information or advice and in that case any responsibility or

liability is exclusively on the terms and conditions set out in that contract.
FORM-131-107 (2009-10) (0ld .ETNL.310.app.7}. Testprogram CODAP2000




Test Program Registration no: 8087127
Issue: 01

l{dlo“i’s
cgister CODAP 2000

Page20f 5

Description

Date; Signature; Stamp

1.10.4.2.1 Visual inspection of welds
» all welds must be visually examined.
1.10 Non-destructive testing (see Table 1.10.4.3.1)

Radiographic examination (RT) of the main welds (circumferential butt
welds, Annex FA1 type of welds: 1, 2 and 3):

» partial examination (10%)

(RIS

wedt [exarminear &3

I

H

H

2@/;;’3[@

Time of examination (see 1.10.4.4) :
Examination to be performed:

e before the pressure test

NDT reports and certificate to be included in the fabrication file.

An endorsed sketch-outline of the NDT as carried out on the apparatus
must be included in the fabrication file.

1.17.2 and F1.5.4/5 Out of roundness measurements
For internal as well as external pressure (see F1.5.4).

Ovality, difference between the largest and the smallest diameter at the cross
section under consideration.

The following requirements apply:

Shell: for e/D <= 0,01 maximum allowable ovality: 0,02 x D mm.

For sections that include an opening, above value may be increased by a

value equal to 2% of the inside diameter of that opening.

For internal pressure, see F1.5.5.1.
The following requirements apply:
Shell: maximum allowable deviationf: 6 mm,
the length of the template chord C: D/6 mm.

Measurement reports to be included in the fabrication file.

Part M/Material certificates

Type of acceptance: rl.

Lloyd’s Register, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and collectively, referred to in
this clause as the ‘Lloyd’s Register Group’. The Lloyd’s Register Group assumes no responsibility and shall not be liable to any person for any
loss, damage or expense caused by reliance on the information or advice in this document or howsoever provided, unless that person has signed a
contract with the relevant Lloyd’s Register Group entity for the provision of this information or advice and in that case any resporsibility or

liability is exclusively on the terms and conditions set out in that contract.
| FORM:B1-107 {2009-10; told .ETNL.310.app.7) Testprogram CODAP2000

N, Hupgen
Groningen (#t
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—e Test Program Registration no: 3087127

loyds
Issue: 01
l{“eg}ger CODAP 2000
Page3of 5
Description Date; Signature; Stamp

Info:

- rl-type acceptance: the product shall be subjected to specific testing and
supplied with an inspection certificate 3.1 acc. EN 10204. The tests and
testing specified in the product standard/specification are supplemented
with particular requirements (tests and testing generally optional in the
standard);

- r2-type acceptance: the product shall be subjected to specific testing and
supplied with an inspection certificate 3.1 acc. EN 10204. No tests or testing
other than those normally provided for in the relevant
standard/specification are required;

- 3-type acceptance: the product does not need to be subjected to a specific
testing and shall be supplied with a certificate of compliance 2.1 or with a
test report 2.2 according to EN 10204.

Certificates in accordance with EN 10204: 1991 / 2004 must be submitted for
the parts as mentioned on the drawing.

The level of the certificates is:

For the main pressure bearing parts of pressure equipment in category II, Il and IV,
the level of the certificates is.

s For basic product forms »  :3.1B 2),3.1C / 3.2 according EN 10204: 1991
:3.12 /3.2 according EN 10204: 2004

s For components 3:

a) Material certificate of the basic product form (see above);

b) Documentation of the component 4 (if applicable): &2’%}’:&‘} Lioyel's Registfr fffie ...

- Welding Procedure Qualification Records N. Huppen |

- Welders Qualifications “EO‘(“::? “ J :

- NDT personnel qualifications Lhaoesrifieflloedfe o e 0
- NDT reports /

- Destructive examination reports 28\\3\ '

- Forming- / heat treatment-, etc. reports

For the main pressure bearing parts of pressure equipment in category I, pressure
parts other than main pressure bearing parts in categories I, II, I1I and IV and
attachments to pressure bearing parts in categories II, IIl and IV, the level of the

certificates is:
Test report Type 2.2
For all other parts, the level of the certificates is:

Certificate of compliance Type 2.1

Lloyd’s Register, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and collectively, referred to in o
this clause as the ‘Lloyd’s Register Group’. The Lloyd’s Register Group assumes no responsibility and shall not be liable to any person for any
loss, damage or expense caused by reliance on the information or advice in this document or howsoever provided, unless that person has signed a %

contract with the relevant Lloyd’s Register Group entity for the provision of this information or advice and in that case any responsibility or
liability is exclusively on the terms and conditions set out in that contract.

| FORM.BI-107 (2009-10) (o}d .ETNL.310.app.7). Testprogram CODAP2000




—To—}l?g Test Program %{egistgition no: 8087127
ssue:
g CODAP 2000
Page4of5
Description Date; Signature; Stamp

Notes:

1) e.g. plate, coil, bar, forging, seamless tube, welded pipe from coil with an automatic welding
process, casting

2 3.1B according EN 10204: 1991 / 3.1 according EN 10204: 2004 indicates the jssue of a
certificate 3.1B according EN 10204: 1991 / 3.1 according EN 10204: 2004 by a manufacturer
having an ISO 9001:2000 quality system, certified by a competent body within the European
Economical Area and having undergone a specific assessment for the applied materials

3) fabricated from basic product forms, e.g. welded pipe from plate, welded fitting, (welded)
caps, flanges from plate

4) The mentioned information may be included ina 3.1B, 3.1C or 3.2 certificate according EN
10204: 1991 / 3.1 or 3.2 certificate according EN 10204: 2004 in which the information is covered
by a statement on the certificate, without the need to supply the underlying documentation,
however the information shall be accessible in case further investigation is required

A summary of the materials used-quality-numbers-manufacturer-part
identification must be included in the fabrication file.

113 Stréngth Test
Once the required assessment and inspection have been completed
successfully, the apparatus shall be subject to a pressure test. The standard /1)

test shall be hydrostatic pressure testing (water) at the test pressure as
mentioned below.

oyd’'s Register

pper

¢ The test pressure is 157.3 bar.

A test report and an inspection and strength test certificate shall be
included in the fabrication file.

116 Méfking or lla;bellingk |

¢ The manufacturer’s nameplate shall be permanently attached in
accordance with 1.16 and shall include all the information as specified

th . Lo e g
e A
A copy of the name plate shall be included in the fabrication file

1.17 Final examination of the vessel
The following requirements are applicable. A final-examination certificate
shall be included in the fabrication file.

e The equipment shall be examined for conformance with the approved
construction drawings.

o The marking on the equipment, on the manufacturer’s nameplate shall
correspond to the documents included in the vessel file.

o General examination of the finishing. Possible damage and any necessary
repairs shall be noted.

Lioyd's Register, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and collectively, referred to in
this clause as the ‘Lloyd’s Register Group’. The Lloyd’s Register Group assumes no responsibility and shall not be Liable to any person for any
loss, damage or expense caused by reliance on the information or advice in this document or howsoever provided, unless that person has signed a %
contract with the relevant Lloyd’s Register Group entity for the provision of this information or advice and in that case any responsibility or
liability is exclusively on the terms and conditions set out in that contract.

| FORM:B1-107 (2009-10) (old .ETNL.310.app.7). Testprogram CODAP2000




Registration no: 8087127
Issue: 01

W Test Program
egrer CODAP 2000

Page 5of 5

Description Date; Signature; Stamp

e Once the inspection has been successfully completed, the nameplate itself,
at least one of the rivets or nameplate attachment-weld and the
nameplate-holder attachment-weld shall be endorsed (hard stamped)

with the official approval mark of the Authorised Inspection Body.

End of this document

Lloyd’s Register, its affiliates and subsidiaries and their respective officers, employees or agents are, individually and collectively, referred to in
this clause as the ‘Lloyd’s Register Group'. The Lloyd’s Register Group assumes no responsibility and shall not be liable to any-person for any
loss, damage or expense caused by reliance on the information or advice in this document or howsoever provided, unless that person has signed a %
contract with the relevant Lloyd’s Register Group entity for the provision of this information or advice and in that case any responsibility or
liability is exclusively on the terms and conditions set out in that contract.

| FORM-Bi-107(2009-10) (0ld ETNL.310.app.7). Testprogram CODAP2000
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1. PURPUSE OF THIS DOCUMENT

The purpose of this document is to prove together with a pressure test to preformed at the firm
Hoefnagel & Meijn that the Cooling Spiral is inherently safe to be used in the CE certified CO,
Accumulator (AA0766).

1.1 Design parameters

The pressurized volume of the spiral is calculated from the length of the spiral (2x 11m) and its
internal diameter D; (O.D. 3/8” minus 2x the wall thickness 0.035”)

V =2-11-1/4p-Di*=22/4-p-(7,75¢>)*=1,04 liter

As maximum design temperature 35 celcius is chosen (the same as the CO, Accumulator), with the
refrigerant to be used in the spiral (R404a) one finds the maximum design pressure to be 16 bar
(evaporation pressure of the coolant at the max. design temperatuur.

So the PS= 16,1 bar

The minimum pressure is 1 bar for the cooling machine, the minimum design temperature is the
evaporative temperature of the coolant at this pressure -47 celcius.

To summarize:
V=1,04

PS (max/min)=1/16,1 bar
T (max/min)= -47 / 35 celcius

1.2 Test pressure Spiral

The test pressure of the spiral should be 1,43 times the maximum design pressure (EN13445)
Test pressure = 1,43-PS = 23 bar.



2. CLASSIFICATION COOLINGSPIRAL

The cooling spiral (AA0768) of the CO, Accumulator (AA0766) is classified to be designed and
manufactured by sound engineering practice. The Lloyds program PED Category Selection 4.0.3 was
used to determine its category.

2.1 Output Category selection tool

Print datum: 01-09-2010

(['l'S Wegwijzer naar CE
er

loy
egis markering Drukapparatuur

Omschrijving drukapparatuur : Cooling Spiral Accumuliator AA0766
Uw drukapparatuur is ingedeeld in tabel : 2

Categorie : Art. 3, par. 3

Beschikbare Module(s) voor : Goed vakmanschap

bovenstaande categorie*

Ontwerpgegevens :

Ontwerpdruk PS ; 16,10 bar
Volume V : 1,04 L
PS x V : 16,744
Onstabiel Gas : N.v.t.
Temperatuur > 350 graden Celcius : N.v.t.
Categorie Moduie
Art. 3, par. 3 Goed vakmanschap i
I A
11 Al, D1, Et
I B1+D, Bi+F, B+E, B+C1, H
v B+D, B+F, G, H1

* Er mag te allen tijde een hogere moduie gekozen worden, behoudens in geval van 'goed vakmanschap'.

PS (bar) Tabel 2

In artikel 3, punt 1.1, onder a}, tweede streepje, bedoelde drukvaten

10000 - v
Bij wijze van uitzondering moeten draagbare

brandblussers en flessen voor adem-
1000 — N . .
hatingstoestellen ten minste in categorie Il

worden ingedeeld.

100 —|
10 |
1
0,5
I PED niet van toepassing
" T T T 7 I
0.1 1 10 100 1000 10000 VL)

@
*
Lioyd's Register Nederland B.V. trading under the name of Stoomwezen is a member of the Lloyd's Register Group

To any agreement entered into with Lioyd’s Register Nederland B.V. our general terms and conditions Stoomwezen, filed 3t the Trade Registry of the Chamber of Commerce at
Rotterdam under number 24247948, shall apply in accordance with the General Administrative Law Act (Algemene wet bestuursrecht), interested partles can submit objections or
Jodge an appeal in writing against any decision (or measure) taken by Lioyd's Register Nederiand B.V. in its capacity as inspection o cestification entity within the scope of

Pressure Equipment Directive 97/23/€C as implemented in the Dangerous Act or the C Act (Wet op de werktuigen or Warenwet}

Printout van programmasoftware - PED Categorie Bepaling Version 4.0.3
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