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COMMISSIONING
&
START-UP




The nature of an investment project execution can be like a conquest of mountain
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1. Commissioning as a part of
an investment project




Commissioning

« Commissioning: Activities after the installation, but before the start-up
« Target: Secure a safe and successful start-up in adherence to the planned
schedule

« Activities: Check-outs, functional testing, lubrication, water run, internal
cleaning and flushing
9 Aalto University
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Project life cycle and Start-up phase
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Start-up activities

Model of start-up logic
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Project life cycle and Start-up phase

A?

* Responsible: Project team
* Description: Engineering + Pre-installation

» Responsible: Contractors and Suppliers,
Installation supervisors

+ Description: Installation & Installation supervision

Engineering and
Installation Phases

» Responsible: Check-out & Commissioning teams
* Description: Check-outs and testing by discipline

f'

Commissioning:
Check-outs, Testing and

J
~

« Responsible: Mill operators Water runs

* Description: Functional testing with water runs \ y

* Responsible: Mill operators

« Description: Start-up with pulp Start-up:
Optimization and

» Responsible: Mill operators Production

« Description: Production (saleable product)
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Project Functions

AFRY Supervisor |- _____ Project Owner

Project Staff

Mill / Plant Staff

Project Management

Security
Management

Quality
Management

Health, Safety and
Environment

Permitting and
approval Assistance

Project Controls

Engineering Management Procurement Management Construction Management

Time Management
Cost Management

Resource Management

9 Aalto University
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Project Risk Management

Contract Management
* Administration

» Change Management
+ Claim Management

F__ L

Em

missioning Management I
—_— —_— —_— —_— —_—
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2. Preparation tasks for
commissioning




Commissioning preparations

Good preparation of commissioning creates a good chance for a
safe and successful start up!
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A?

Commissioning preparations

Outline the contractual responsibilities of the parties involved
Preparation of commissioning manual

v
v

YNNI NN

Commissioning organization

Commissioning reports, check sheets, isolation procedures, permit to work
procedures

Commissioning schedules

Commissioning planning meeting schedules

Commissioning spare parts

Open issue list

Minutes of meetings

Definition of raw material and/or fuel requirements

Preparation of a list with contact details of suppliers and contractors
Establishment of the erecting support team to commissioning
Definition of the hand-over procedure from erection to commissioning
To clarify and comply with the project insurance requirements

Safety in commissioning

Aalto University
School of Chemical
Engineering
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Safety in commissioning

Environment:

v' Site environment includes several issues, which must be considered in order to achieve a safe
place to work
- such as lock-out tag out (local practices for electrical safety procedures), working at high, working
with cranes and other lifting apparatus etc.

v' Each site is individual. The safety issues and dangers must be analyzed and the procedure for a
safe way to complete the work must be defined, instructed and supervised in each case individually
- such as traffic ways, areas with special dangers, areas with no admittance, chemicals etc.

Behavior and training:

v' General training

v' Site & client specific training

v' Own safe behavior all the time at the site — Impact on the own personal colleagues' health

Personal protective equipment:

v' Equipment required by the employer

v" Equipment required by the customer / site
v' Equipment required by the individual work

9 Aalto University
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Commissioning preparations (process discipline)

 Definition of water run test loops

* Preparation of commissioning Pl-diagrams (coloured)
presenting each group

« Compilation of check-out lists

« Technical definitions for the execution of
commissioning, test runs and start-up

Check-out:

First stage of the commissioning. The check-outs are the activities that ensure that the system is ready for water
run. The installation inspection and Field Check-out certifies that a delivery and installation fulfils contractual and
process technical demands.

9 Aalto University
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Commissioning test groups

« The mill is divided in individual test groups

« Atest group must be a suitable process / mill part. There
must be a possibility to separate the individual test
groups of each other mechanically (hand valve)

* The test systems are systematic commissioned and
tested

« Commissioning Pl-diagrams (coloured) presenting each
group are prepared

« Check-out lists are created

« The test groups are placed in the commissioning time
schedule
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Commissioning test groups

* The millis divided into individual smaller parts called test systems.

A test system is a suitable part of the process or mill system, which may be
commissioned and tested independently. The individual test systems can be
mechanically (e.g. hand valve) separated from each other.
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Commissioning test groups - examples

A Commaon systems & Utilities IB_StDl:k preparation ||__|5team and condensate system |L_|Coating colar kitchen
Al Il air B [BHKP storage and dew atering |1 _|Steam and condensate HPELP L1 |CCK chilled w ater
AZ Instument air B2 | BHKP refining (back&print) ) |Kna7 L2 | Starch system
AZ Frashwater B3 |BSKP storage and dew atering JO1| Oruer section L3 |Coating color mikers and starage
Ad Cooling water B4 | BSKP refining [print&middle] J0Z et end L4 |Coating color supply system
AS Sealing water B5 [UBSKP storage and dew atering JOFHMC, Coater LS [CCK dye system
A Ch B6 | UBSKPIESKP) refining (back) J0d) Speedsizer 3, Coater 4. \Webmn C3,Cd L6 [Laten
A6 B7 [CTMP pulping and storage JOS SMNC, Web run, Sirius L7 [PVA
ABLZ (B8 [TTMP refir ddl JOE Slitter winder VariFlax L LE [Pigments storage ar g
AT B3 | Analysators Stock Preparation JOT Lubrication LS |Major & minor additives
AT ating water system 1 C_|Approach flow system JOF Machine i system | L0\ aste water reatment
AT Z T —— T | Print ply 0T Machine sectional drives
A Patable w ater and emergency showers C2 [Back ply 10| ‘working stations
A Cortral system |C3 [ Middle ply J1 | Moritering sustem
A0 [Cd | Analusators Approach flow system |K_|Wetend chemical systems
A10.1 |0 _|Broke system K1 | Alkaline detergent
A10LE k preparation D1 | Machine pulpers E.E | Alum
A10.3 ating kitchen Ha D2 | Other broke pulpers K3 | Bicarbonate and carbon dicsdde
A10.4 wrapping Hall D3 | Broke HC towers and deflaking K4 |Biocide [also CCK]
All K Secial room 04 | Broke screening | |KS |Cationic starch
ATLT 05 | Broke refining KE | Chelsting agent
A2 C systems D& [Ral zpliter KT | Defoamer
A3 preparation HVAC systems O7 [Be-winder K5 | Oye blue & vialet
IR HVAL systeme 08 | wrappingline K3 |Filler clay
ANS rack room EDE31, winder control room HY D3 | Core cutter KAQ Filler CaCO3
ATLE systerm: IE_ White water system K1 Meutral size
AT ET | White w ater storage [K2 Retention polymer
ATE E2 |Disc filter and broke thickening K13 Retention silica
A2 Office building HYAC E3 [ Tank cleanis Stems K14 Bosin size
4121 | Labarataries HUA F__|Warm and shower water systems K15 Sadium bisulfite

A [F1 | ''arm and shower water K16 Sodium hydroxide NalOH

G_|Vacuum system | | K17 Spray stacch

AlZ.4 G [ Vasuum | K‘@ SuIEhulie acidH2504
A3 HVAL systems for small rooms in KMT area H_|Effluent system |
Ald Fire water H1 | Efflusnt system |
A15 Sprinkler sustem
A6 Field Boxes Instrumentation
A17 ICT
AlE WISIWMS sustems
820 |Power Distribution
A20.1 [Ty switchgears
AZ20.2 |Control and lighting wokage
A20.3 |Main process MCC's
A1 Field bones electification
272 |E-stop syst. KT process
A23  |E-stop syst. KMT sect dives
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Commissioning test groups

« Commissioning Pl-diagrams (coloured) presenting each group are prepared
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A

Commissioning test groups

The test systems are systematically commissioned and tested: Detailed list of all equipment,
loops, pipelines and electrical circuits for installations, check-out procedures and testing
progress. One list per test system and per discipline.

A L . s s .
e —— TI00- 331-250- 300051 00-35+PZ30-300053 | I
3
b leat |Schizsonienng ___|
i f
¥
)
- |
|
2|
3
4| Prozszsguat e
[ e st ittt
- abgeschlossen abgeschiossen oy - g o
6 PROZESSGERAT Pos. Nummer Nam,
| 31HE120 15T 1
8 EEET ST
9 SiRELED 15T
0 31HELB0 18T
1 31rE220 2,57, FEINSORTIERER 1
2 31HE240 ~ FEINSORTIERER 2
3 |31HES20 :;\ LSORTIERER 1
1 SiES0 ST FENSTRLRER 2
5 31RE420 257, FEINSORTIERY
6 31HES10 55T FEINSORTIERER ECOT.
7 31RESI0 55T
8 31HEE20 EST
9 PUMPEN Pos. Nummer Name
0 31rP210 st FUMPE
1 51HP310 i FUMPE
2 3iPa10 fast FUMPE
3 31HP610 )5_‘51‘ PUMPE
4 ROWRLETUNGEN Pos. Nummer Name
5 316037
6 316-038
7 EESE :
8 [5160%0
9 311-001 = -
! ER ki b &
1 317008 I j -
2 317-00¢ -
3 317005
1 317006
5] 517007
6 [317-008
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Summary check-out list

+  Creation of summary check-out lists: An overall view of the status of mechanical, electrical and
automation commissioning activities for a given test system.

Area: 000K Area Name

TeSytcm: 000K Tot e Nae E— . System ready for water run: When all
He— T R PR relevant Inspections and Check-out
il vl Rl o N e R el vl Rl e activities related to the Test system have
been completed and the test system is
ready for Water run.

. System taken over for water run: When
the Water run team (operators) have
made an overall inspection of the Test
system and found the system ready for
Water run.

. Water run completed: When the Water
run has been completed and the test
system is considered ready for start-up

o operation

Loops Pos. mumber Name

Tanks Pos, mumber Name | Name2

‘Pipelines Pos. mumber Media  Namel Name 2

Electrical
eircuite Do, mumbar Name

System Ready for Water Run
. . System Taken over for Water Run
9 Aalto Umversuy_ Vater o Completed
School of Chemical
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Commissioning test groups

The test groups are placed in the commissioning time schedule, which also works as a guidance
tool for the completion of the installation during erection period. It is planned so that the work is
done systematically and that the start-up can be done in the correct and logical sequence.

u REV | TESTSHET Tetld | September Ortober ‘ javember ‘ Decernber | Janua | Februa | H
e d . hnary ez Warch

! ‘ ‘ ‘ Ihhs\zclarrsalw ao\uhz|4s|u|4s1a¢7e=|dﬁlasIw«rn\szl||zisMsM?ralelw\nj-zlnI
T et UL LT e e
B0 e HEEEEE R UL

m H22 Waintenance HVACsysens L

u AL HVAC systems for small rooms in KM7 ares L O B Ol Tt

ot o A IR S 5

2 124 Social rooms HVAC systams NEEEEERE R

Ready for pipe marking 4 Ready for commissiaining & Commissioning completed ®
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Terminology related to commissioning

Installation inspection:
The installation inspection certifies a delivery and an installation that fulfils contractual and process

technical demands.

FAT (factory acceptance test):
Software testing of process control concepts after the programming in a way that the control

system description corresponds to the application programming. Normally carried out during the
final part of the design and engineering phase before the final installation in the mill. Application
configuration checking in simulation situation. Base parameters for control loops.

SAT (site acceptance test):
Test after the complete installation and final configuration. Every signal will be tested (measurements,

controls, binary signals)

9 Aalto University
- School of Chemical 04.11.21
24

Engineering



Terminology related to commissioning

DCS (distributed control system):

A digital automated industrial control system that uses geographically distributed control loops
throughout a factory, machine or control area. DCS allows each section of a machine to have its
own dedicated controller that runs the operation. A DCS has several local controllers located
throughout the area that are connected by a high-speed communication network. While each
controller works autonomously, there is central supervisory control run by an operator.

PLC (Programmable logic controllers):

A programmable logic controller (PLC) is a modular solid state computer with customized
instructions for performing a particular task. Examples of applications are non-continuous control
and event-based manipulations.

MCS (machine control system):
Controls the loops of a certain machine, e.g. paper machine.

QCS (quality control system):
The quality control system of a paper machine controls the quality parameters of paper (Basis Weight,
Moisture, Caliper, Ash and Color).

9 Aalto University
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Terminology related to commissioning

Field Check-out:

For electrical and process control objects, the field check-out certifies a delivery and installation

that fulfils contractual and process technical demands. Electrification Field check-out is a part of
installation and is made by installation contractor. Field check-out includes also rotation direction

check for motors.

Functional test:
Verification that interconnected process control programs communicate with each other and

perform the intended operations.

/O test:
Part of functional testing

Loop Check-out:
Verification that interconnected process control programs communicate with each

other and perform the intended operations.

Field test for instrument loops: Part of process control. Mechanical, electrical and
pneumatic testing of instrument loops.

9 Aalto University
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3. Execution of
commissioning




Execution of commissioning

Cooperation is important!

Cooperation & communication:
CUSTOMER / DESIGNER / SUPPLIER

9 Aalto University
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Mechanical commissioning and check-out activities

MECHANICAL & PIPING

Mechanical and Piping
Phase 2 Installation J

&

Installation inspection J

Supplier installation
completed

c

: Check.out

M \

|

: Ready for Water run

' e E— — — ov— Otcsay o g ey O B —‘ ——————

3 Water Runs J

|

N \

G
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Commissioning mechanical equipment

Mechanical
rotation test
(Check-out)

Air, Sealing
water, cooling
water
connections
(Check-out)

9 Aalto University
School of Chemical
| |

Engineering

Cleaning,
flushing
(Check-out)

Process data,
Item Number,
marking
(Check-out)

Safety
inspection
(Check-out)

Lubrication, oil
filling and grease
(Installation
inspection)

Insulation, heat
tracing
(Installation
inspection)

Foundation bolts,
grouting

(Installation

inspection)

Mechanical
alignment
(Installation
inspection)

Alignment of agitators,
drives, coupling, belts,
safety guards
(Installation inspection)

04.11.21
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Discipline check-out list mechanical equipment

* Mechanical equipment installation completed:
The equipment is completely installed, pressure tested, aligned and foundations are
grouted.

* Check-Out Completed:
The check-out activities as are performed

Installation Commissioning
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5 c o 2 - e o224l g R > < z £ &
38 G E - |85 ESE|2T & B [&5pe 2 J5 |2 (= ET >
eo [ SE |25 |EsE(s83|E28| 22 [feg| 55 |25 |8:5| § |52 |88
3g |82 | 55 |[E5c|SE2|"E>| 2k |38 £€ 2[2588| & |33 |2%
° £ ® SE |28 %|ewc = cs |28 s 5O |8= o 2 =<
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T1 T2 T3 T4 T5 16 T7 T8 19 T10 T11 T12
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Co

mmissioning piping

Tightness
(Installation
inspection)

Cleaning
(Installation
inspection)

Authority tests
and inspections
(Installation
inspection)

Aalto University
School of Chemical
B Engineering

(Check-out)

Pipe ends
connections
(Check-out)

Safety
inspection

Hangers, fixed points
(Installation inspection)

Instrument /
valve marking
(Check-out)

Pipe marking
(Check-out)

Check installation
vs. Flow Diagram
(Check-out)

Insulation, heat

tracing
(Installation
inspection)

Instrument
connections
(Installation

inspection)

Valves, flanged joints
(Installation inspection)

04.11.21
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Discipline check-out list piping

+ Piping Installation completed:
The complete pipeline is installed, pressure & leak tested. Pipe Marked the pipe marking
team once the pipe has been marked according to drawings and instructions.

+ Check-Out Completed:
The check-out activities as are performed

C i =
= = E
z H
2, g l: | = o5 | £ |2
£ | g |Es : (55 |cs| £ |zEz|EE | & |EE
Z 25 g | % s | % [sEg|8E | 2
£l F |22 i |28 |38 | E |gdE|EZ| £ |aB
. § i S 5@ £ = g A g |"EE| EE z gi-
Flow | Insulation | Pipe &£ 25 | & [ = 8= 2 s
POSNO. | PIPELINE MAME | PRID | Media | class | Class < = » REMARKS
P1 P2 P3 P4 Ps P& F7 Pa1 | Pe2 | Pe3 | Pa4 | P9
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Commissioning tanks and towers

Mechanical
alignment
(Installation
inspection)

Foundation
bolts, grouting
(Installation
inspection)

Safety inspection
(Check-out)

9 Aalto University
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Cleaning, flushing
(Check-out)

Internal piping,
partition wall
(Installation
inspection)

Alignment of
agitators,
drives, coupling,
belts, safety
guards
(Installation
inspection)

Insulation, heat
tracing

(Installation

inspection)

Pipe connections,
vents, overflows
(Installation
inspection)

Instrument
connections

(Installation
inspection)

Process data, Item
Number, marking
(Check-out)

| Manhole

covers, steps
and ladders
(Installation
inspection)

Authority tests
and inspections
(Installation

inspection) 04.11.21
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Discipline check-out tanks and towers

+ Tanks and towers installation completed:
The complete pipeline is installed, pressure & leak tested. Pipe Marked the pipe marking
team once the pipe has been marked according to drawings and instructions.

+ Check-Out Completed:
The check-out activities as are performed

Installation Commissioning
< = Z
o | _ Dy [ 8o - @ 2 Qs xZ
§E |8z |59 |328|88| £ |52 (o582 PRENE. 0| 2 s |63
= £ 8 2 ES52(88%28,8 4 2 |18% i LW |DO & < > =
t5 | 2E | =5 [E52|1E83|885 |28 58| B8 32 (255 & |28 |a8
E= = ) @ o
3+ |88 |52 (655|352 ("c°| B 358|228 |E3[5E2| & |28 [ 8%
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T1 T2 T3 T4 T5 T6 17 T8 T9 T10 T11 T12

9 Aalto University
- School of Chemical 04.11.21

Engineering
35



Electrical commissioning and check-out activities

ELECTRICAL

Electrical J

Installation

Installation inspection J

. Supplier installation
completed
= \
"
"
I
s
:Iu Functional tests J
[+] e
'.' Ready for Water run
:
Water Runs J
.
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Electrical commissioning

Motor Control Circuit Checks:
* Motor data from the motor rating plate Motor Rotation

Functional and Interlocking

Motor starter sizin ircui
Flses 9 Test Feeder circuit test Tests:
Contactor + Circuit functionality in the

Overload setting

Variable speed drive rating and
settings

Starter is in test position
Switch on the control voltage

Contactor on-off from control system

Contactor feedback
Fault in starter

Thermal overload and ground fault

Local stop
Local start/stop (if applicable)

Safety interlocking (limit switches etc. if

applicable)
Emergency stop (if applicable)
Other issues

9 Aalto University
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process

* Interlockings between
different circuits (motor
circuits and instrument
loops etc.) are working in
accordance with the control
system description and
operation manuals

» Final adjustments of field
devices

+ Group starts, automatic
operations and sequence
controls

» Special functions

» Current and/or power
reading in DCS

04.11.21
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Electrical discipline check-out list

» Electrical equipment Installation completed:
The MCC, I/O racks and the Process equipment (motor etc.) are installed and the
control and power cables are connected in both ends and when the cold test have been
made

+ Check-Out Completed:
The check-out activities as are performed

Test system
Application ID
Application Name1
Application Name2
Ready for check out
E1.Motor IMCC/IVSD rated
data checked
EZ2.Controls,
interlockings and
settings, I/Osto DCS
checked

E3.Rotation test done
E4.Ready for water run
E5.Punch list check out
Remarks

9 Aalto University
- School of Chemical 04.11.21

Engineering
38



Automation commissioning and check-out activities

PROCESS CONTROL
Process Control |
Installation J
\
Installation inspection
. J Supplier installation
completed
c
: Check-Out
! \ J
|
: Ready for Water run
! Water Runs
: (including functional testing
J and tuning) J
N " ng,
G

9 Aalto University
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Automation commissioning

* Check communication
between loop devices
and DCS, MCS or
other systems as
specified in the
documentation

» Device software check

» Device check-out
(valve opening with
different signal
outputs, checking and
adjusting the 0-point
etc.)

Preparation of
the field box for
check-out by
clean blow of
pneumatics etc.

A?

Aalto University
School of Chemical
Engineering

Preparation of the
device/loop ready for
water run with power
on, impulse lines filled

etc. as required.

Functional Check-out:

The loop performance
according to
documentation with
water as main process
media.

Interfaces to other loops,
motors, aux systems,
safety etc.

Check and adjustment of
loop functionalities,
interlockings, alarms,
group starts/stops

Test of safety systems

Power up of field boxes,
devices etc.

04.11.21
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Automation discipline check-out list

* Control equipment Installation completed:
The instrument or valve is mechanically installed according to certified documentation,
when the cables are connected in both ends and when the cold test have been made
*  Check-Out Completed:
The check-out activities as are performed
HLE 30: |3
g 3 £ . i : s |F3: LT S
g E| £ |38 % Z 3 H g R4 if fs | & £
& 3 |
§l = M £ H P

<
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Deviation handling

Punch list:

List of notified deviations. Punch lists are made per discipline.

found

Check-out team \\

» Write a comment
in the check out
list

» Opena new line in
the discipline
punch list

N

Deviation

/

Check-out leader '
& Check-out Team ‘

)

> Review regularly
the punch list

> Give a proposal
for the deviation
category

Dlscnplme Check—
out leader

> Distributes the
punch list to
Installation team or
troubleshooting
team for
corrections

> Informthe
commissioning
manager

Installatlon group /
troubleshooting
team

S

> Fixes the deviation

> Informthe check
out leader when fix
is done

Check—out team

d N\

» Re-inspectthe item
» Closethe punch list

> Fills the check-out
list

A?

Aalto University
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Execution of commissioning

Water runs

» Final stage of commissioning when the process is operated with water instead of
media. Carried out when the whole test system is ready. The process is
simulated.

» Flanges are checked for tightness, leakages are checked, the function of the plant
Is checked, possible vibrations and noises are investigated, the function and
capacity of valves, pumps, agitators and fans are measured and the instruments
are adjusted and fine-tuned. Motor currents are checked Checking: Leakages and
in pipelines and tanks.

» Started by running single machines within the test system first, then whole system
and later several tests' systems together.
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Execution of commissioning

Rotation test:
Part of electrical commissioning; it is done to ensure that electrical motors work

properly.

Start-up:
Start-up with pulp after commissioning is completed. The moment when all suppliers’

and contractors’ responsibilities are fulfilled and the equipment is ready for test run
with media.

Take over:
Start of production when all tests are finalized and the equipment reaches the

requested quality targets.

Production:
Final phase of the start-up; production of final, saleable product. Preceded by take-

over certificate.
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Execution of commissioning

Red Pen Markings:
During commissioning phase differences between what has been installed on site

and what is shown in the engineering documents may be observed. Reasons for this
can be needed changes, changed needs or practical improvements or.

The final installation or programming is documented in the red pen versions of the
engineering documents. The as-built documents are produced based on the red pen

versions.

As-built documentation:
Documentation based on the situation when saleable production is started. No

revisions will be done afterwards.
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4. Examples occurrences
during commissioning




Case: Wrong pump type
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Case: Wrong pump type
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Case: Wrong tank bottom form
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Case: Wrong tank bottom form
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Case: Wrong tank bottom form
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Case: Wrong tank bottom form
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Case: Wrong level measurement placing
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Case: Wrong level measurement placing
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