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1 JOHDANTO 

2 SÄHKÖKATKOKSEN VAIKUTUKSET SOODAKATTILAN TOIMINTAAN 
 jos järjestelmä tai operointinäytöt eivät toimi operaattorit eivät tiedä mitä 

prosessissa tapahtuu eivätkä voi ohjata prosessia 
 vaarat 
 vahingot 
 sähkölaitteiden tarkastukset katkoksen jälkeen, lyhyesti 
 pidetään tästä ja seuraavasta kohdasta erillinen kokous (työryhmä) 

3 VARMENNETUISTA VERKOISTA SYÖTETTÄVÄT KUORMAT 
 alustava lista on jo Pöyryn ohjeessa - täsmennetään 
 listataan erikseen UPS- ja dieselvarmennetut kuormat ja perustellaan tarpeet 
 kenttäväylien sähkönsyöttö 
 pidetään tästä erillinen kokous. Käydään läpi esimerkkikaavioiden kanssa yhden 

Metson ja yhden Andritzin kattilan suositeltavat UPS ja diesel kuormat. Mietitään 
tässä istunnossa myös sisältöä kohtaan 2 

4 SUOSITELTAVAT UPS-VERKON RAKENTEET 
 tekstiä on jo Pöyryn ohjeessa- täydennetään 
 kerrotaan verkon rakenne järjestelmällisesti 
 piirretään kaaviot kokonaan yhteen kuvaan 
  riittääköhän yksi vai jääkö vaihtoehtoisia toteutustapoja?  
 viitataan tehtyihin vikapuuanalyyseihin 
 kaavioissa ja tekstissä yhdenmukaiset nimikkeet esim. eri syötöistä 

5 UPS-VERKON SUUNNITTELUSSA HUOMIOON OTETTAVIA 
NÄKÖKOHTIA 
 mitoitus, selektiivisyys jne., näitä olikin jo Pöyryn ohjeessa - täydennetään 
 perustelut erotusmuuntajien käytölle ja muuntajien mitoitus 
 230 V vaihtoautomaatikka – kontaktorin mitoitus 
 akuston mitoitus ja muut vaatimukset 
 pikatyhjennysventtiilien porrastus 
 standardit, EN 50156 
 UPS:n sijoituspaikka, muut osastot? 

6 UPS LAITEVALINNASSA HUOMIOITAVIA SEIKKOJA 
 luotettava valmistaja 
 huolto / varaosat 
 referenssit 
 akuston rakenne 
 diagnostiikka / hälytysten käsittely 

7 SUOSITUKSIA TESTAUSKÄYTÄNNÖSTÄ JA KUNNOSSAPIDOSTA 
 kaikkia vaihtoehtoisia syöttömahdollisuuksia testattava, että eivät jumiudu 
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 akustojen kunnon tarkkailu – automaattiset testaukset ja tyhjennykset/lataukset 
 laajennusvara / muutosten hallinta 
 testausvaiheessa sähköt pois 
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1 KATTILALAITOKSEN UPS-JÄRJESTELMÄN PERIAATE 
 

Ohjausjärjestelmien jännitesyötöissä tulee olla mahdollista tuoda kaksi erillistä 
jännitesyöttöä. Molemmissa jännitesyötöissä on normaalitilanteessa jännite. Syötöt 
DCS:lle ja TAJ:lle ovat käytettävissä mikäli jompikumpi syöttävistä jännitteistä on 
käytettävissä. 

Varmennettuja jännitesyöttöjä varten tulee olla kaksi täysin erillistä UPS-laitteistoa: 

 UPS 1, esim. kattilalaitoksen UPS 
 UPS 2, esim. turbiinilaitoksen UPS. 

Sekä DCS, että TAJ syötetään molemmista UPS-laitteistoista. Mikäli UPS-laitteistot 
ovat identtiset, ovat syötöt redundanttiset. Mikäli UPS-laitteistot ovat eri valmistajilta, 
täyttää syöttö sekä redundanttisuus-, että diversiteettisyysvaatimukset. 

UPS:ien nimellistehojen tulee olla sellaisia, että yksi UPS-laite kykenee syöttämään 
koko UPS-järjestelmään kytketyn kuorman. UPS-laitteissa tulee olla lisäksi sellainen 
ylivirran syöttökyky, että UPS-järjestelmän suurin moottori saadaan käyntiin yhdellä 
UPS-laitteella muiden kuormien saadessa samaan aikaan niiden tarvitseman virran. 
UPS-laitteiden ylivirran syöttökyvyn tulee lisäksi olla sellainen, että UPS-laitteiden 
syöttämän UPS-järjestelmän suurin suojalaite (sulake, katkaisija tai 
johdonsuojakatkaisija) saadaan laukaistua yhdellä UPS-laitteella ja samaan aikaan 
muille lähdöille saadaan syötettyä niiden tarvitsema jatkuva virta. 

UPS-laitteistojen jännitesyötöissä tulisi käyttää kompaktikatkaisijoita. Kun syötöissä 
käytetään sulakesuojausta, ei vikatilanteessa saada kolminapaista katkaisua. Tämä 
vaikeuttaa sekä suojauksen suunnittelua, että vikatilanteen hallitsemista (varmaa 
kolminapaista poiskytkentää). Myös vanhojen laitosten varokekytkimet tulisi korvata 
kompaktikatkaisijoilla, joissa on virranrajoitusominaisuus. Näihin 
kompaktikatkaisijoihin on saatavissa elektroniset suojareleet jotka mahdollistavat 
asianmukaisen suojauksen toteutuksen.  

Varasyöttö toteutetaan käsin ohjattavalla huoltokytkimellä. Varasyöttöä on tarkoitus 
käyttää ainoastaan UPS-laitteiston huollon aikana. UPS-laitteistot ehdotetaan 
syötettäviksi dieselgeneraattorilla varmennetusta keskuksesta. Tällöin akkujen 
toiminta-aika voidaan rajoittaa (pienemmät akut).  

Yllä olevilla toimenpiteillä pyritään poistamaan osa laitevioista johtuvista 
jännitekatkoista.  

Seuraavan sivun kuvassa on esitetty UPS-järjestelmän periaate. UPS-lähdön ja 
varmennetun jakelun keskuksen välissä oleva muuntaja on erotusmuuntaja, jonka 
tehtävä on erottaa galvaanisesti UPS-keskus UPS:ia syöttävästä verkosta, jolloin UPS-
jakelussa mahdollisesti tapahtuvan maasulun vikavirta ei kulkeudu UPS:ia syöttävään 
verkkoon. 
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UPS-laitteen vikaantumisen huomioiva vaihtoautomatiikka UPS1:n ja UPS2:n 
syöttämässä 230 V ohjausjännitejakelukeskuksessa voidaan toteuttaa seuraavan kuvan 
mukaisesti: 

Syöttö Syöttö

UPS:ilta 1 UPS:ilta 2

230 V ohjausjännitejakelu

 

Dieselvarmennetusta keskuksesta syötettävät laitteet: 

 UPS-laitteet 
 Päähöyryventtiilit 
 Moottoriventtiilien UPS-keskus 
 Liuottimien sekoittimet (2 kpl) 
 Savukaasupuhallin (pieni) 
 Varavalaistus (loisteputki) 
 Lentoestevalot 
 Hissi 
 Nuohoojien keskuksen syöttö 
 Syöttövesipumpun kytkimien öljypumppu 
 Kattilahuoneen savunpoistopuhaltimet (2 kpl) 
 Salarännien jäähdytysvesipumput 
 Turbiinin syvävesipumpun öljypumppu 
 Ohjausjännitekeskuksen (ei UPS-keskuksen) syöttö 
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DISCLAIMER 
 

By obtaining these guidelines, the user acknowledges and agrees to the terms of this 
disclaimer. 

Finnish Recovery Boiler Committee is not responsible for the information, any errors or 
omissions, or for the results obtained from using this information. Use of this document 
shall be at user’s sole risk. Such use shall constitute a release and agreement to defend 
and indemnify Finnish Recovery Boiler Committee from and against any liability, 
whatsoever in type or nature, in connection with such use, whether liability is asserted to 
arise in contract, negligence, strict liability or other theory of law.  

The document is based on part on information not within Finnish Recovery Boiler’s 
control. While the information provided in this document is believed to be accurate and 
reliable under the conditions and subject to the qualifications set above herein, Finnish 
Recovery Boiler Committee makes no representation or warranty, expressed or implied, 
as to the accuracy or completeness of the information provided in this document or any 
other representation or warranty whatsoever concerning this document. In no event will 
Finnish Recovery Boiler Committee or its affiliates thereof be liable to you or anyone 
else for any decision made or action taken in reliance on the information on this 
document or for any consequential, special or similar damages, even if advised of the 
possibility of such damages. 

 
 
 



SAFETY INSTRUMENTATION 16A0913- E0044 
 GUIDELINES FOR RECOVERY BOILERS REV A 
  2 
 

SUOMEN SOODAKATTILAYHDISTYS RY Puhelin  Telephone Telefax Internet 
FINNISH RECOVERY BOILER COMMITTEE +358 10 3311 +358 10 33 21163 http://www.soodakattilayhdistys.fi 
P.O. BOX 4 (Jaakonkatu 3) 
FIN-01621 VANTAA  
 

SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

INTRODUCTION 
 

The members of the Finnish Recovery Boiler Committee have desired a clear set of 
instructions about the implementation of the safety instrumentation for recovery boilers. 
This  is  due  to  a  concern  about  safety  and  the  variety  of  implementations  between  
different manufacturing plants. 

The first version of the guideline published in 2003 was revised in the autumn of 2009. 
In the revised guideline, the information that had become available by the autumn of 
2008 was made use of. The new revision introduces the calibration of a risk graph for a 
recovery boiler, clarifies model interlocks and documentation needed as well as presents 
some theory about the verification of integrity levels with the help of a computational 
analysis. 

It  is  not  the  intention  of  this  document  to  force  the  manufacturers  and  users  to  employ  
similar equipment and control solutions or design the systems. This document is intended 
as a guide and checklist to provide the proper tools for promoting safety and long term 
unit availability. The document aims, with the help of principle model documents, to 
present an example solution, which can be used as a help for planning, design, 
manufacturing and use. Any laws, decrees and the instructions and guidelines by 
competent authorities should be observed and abided to 

Our intent is to develop the document further, and for this reason we ask you to send any 
possible observations about faults, suggestions for improvements, and experiences to the 
secretariat of the Finnish Recovery Boiler Committee. Our contact details can be found 
on the web-pages of the committee. http://www.soodakattilayhdistys.fi/index_e.html 

This document is translated into English. If the original Finnish text and its English 
language translation differ from each other, the original Finnish guideline applies. 

 
 
Finnish Recovery Boiler Committee 

 
 

Keijo Salmenoja 
Chairman of the Board 

 
 

Olli Ahava 
Chairman of the Automation Work Group 
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SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

1 GENERAL 
 

This guideline applies to Safety Instrumented Systems (SIS) for recovery 
boilers. 

The responsibility for this document is assumed by the Automation Work 
Group of the Finnish Recovery Boiler Committee. The first version of the 
guideline was completed in 2003. 

The guideline was revised in 2008 on the instructions of the Automation 
Work Group of the Finnish Recovery Boiler Committee. The credits for the 
revision belong to Chairman Mauri  Heikkinen Pöyry Forest Industry Oy 
and the members Sami Forsström Andritz Oy, Reijo Hukkanen Stora Enso 
Oyj, Mika Kaijanen Tukes, Raimo Koskinen Sunila Oy, Heikki 
Lappalainen Andritz Oy, Esa Palojärvi Metso Power Oy, Kauko Ylioinas 
BMS Kemi and Janne Peltonen Mipro Oy. 

The guideline aims, with the help of principle model documents, to present 
an example solution, which can be used as a help for planning, design, 
manufacturing and use. Any laws, decrees and the instructions and 
guidelines by competent authorities should be observed and abided to. 

The guideline has been carefully prepared, and, on drawing it up, the 
opinions of various interest groups (mills and equipment suppliers) about 
the structure and activities of SIS have been listened to. Also, the starting 
point  has  been  that  the  equipment  to  be  used  complies  with  the  
requirements of the laws and degrees in effect in Finland and of the 
authorities responsible. The responsibility for the implementation of SIS 
belongs to the manufacturers of the equipment and those who implement its 
control  system.  It  is  the  responsibility  of  the  users  or  operators  to  ensure  
that  SIS  is  employed  correctly  and  with  care  and  maintained  in  a  similar  
way. 

The guideline is aimed to comply with the EN-61508 and EN-61511 
standards as far as applicable in respect to the definition of safety 
instrumentation, design, implementation, operation and maintenance. This 
applies to both the guideline concerning implementation as well as to the 
principle model documents. 

This guideline is divided in two parts: Part 1 is the implementation 
guideline, and Part 2 contains the principle model documents related to the 
implementation. KLTK's Safety instruction G10 (Finnish only), for 
example, presents general information about how to carry through a SIS 
project and about SIS's lifecycle. These matters are not repeated in this 
document. When the need has arises, there is a reference to the instruction 
in question. 

 

http://www.fkl.fi/materiaalipankki/ohjeet/Dokumentit/Kattilalaitosten_turvallisuusohjeet.pdf
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SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

1.1 Sources 
EN 61508 (Functional safety of electrical/electronic/programmable 
electronic safety-related systems, Parts 1-7). 

EN 61511 Functional  safety:  Safety  Instrumented  Systems for  the  process  
industry sector, parts 1-3. 

IEC 62061 Safety of machinery – Functional safety – Electrical, electronic 
and programmable electronic control systems. 

SFS-EN  50156  . Electrical equipment for furnaces and ancillary 
equipment, Parts 1-3 

Asetus vaarallisten kemikaalien teollisesta käsittelystä ja varastoinnista 
29.1.1999/59 (Decree on the Industrial Handling and Storage of Dangerous 
Chemicals, 29th January 1999/59) (In Finnish and Swedish only) 

Kauppa- ja teollisuusministeriön päätös painelaiteturvallisuudesta 
8.10.1999/953. (The  decision  of  the  Ministry  of  Trade  and  Industry  
concerning the safety of pressure equipment) 8th October 1999/953) (In 
Finnish and Swedish only). 

97/23/EC Pressure Equipment Directive 

98/37/EC Machinery Directive 

TUKES-julkaisu 4/2000, Opas kattilalaitoksen vaaran arvioinnin 
laatimiseksi (TUKES publication 4/2000. Guide for boiler plant risk 
assessment) (In Finnish only). 

Kattilalaitosten turvallisuuskomitea (KLTK) Suojeluohje G7 Soodakattilat 
2000 (The  Safety  Committee  for  Boiler  Plants  (KLTK) Safety  Instruction  
G7 Boiler plants 2000). (In Finnish only). 

TUKES-opas 2007, Turva-automaatio prosessiteollisuudessa. (TUKES 
guide 2007. Safety automation in process industries. (In Finnish only). 

1.2 Concepts and definitions 
 

Diagnostics is an operation performed by a safety related system or by 
some external system or a group of operations by which it is possible to 
discover a failure suffered by some system related to safety. 

Diagnostic  coverage  (DC)  reveals,  in  percentage  terms,  the  portion  of  the  
dangerous  faults  in  the  system  detected  with  the  help  of  the  diagnostic  
operations. 

Self-diagnostics refers to operations used to discover failures. Utility 
programs in programmable safety devices are used to test the components 
of  a  programmable  control  unit  or  one  of  its  channels  (e.g.,  ROM) or  the  
operations of operable modules (e.g., I/O modules). 

http://80.248.162.160/sfs/servlets/ProductServlet?action=productInfo&productID=240357
http://sales.sfs.fi/servlets/ProductServlet?action=showproduct&productid=240357
http://sales.sfs.fi/servlets/ProductServlet?action=showproduct&productid=183748
http://sales.sfs.fi/servlets/ProductServlet?action=showproduct&productid=181126
http://www.edilex.fi/tukes/fi/lainsaadanto/19990059
http://www.edilex.fi/tukes/fi/lainsaadanto/19990953
http://www.edilex.fi/tukes/fi/lainsaadanto/19990953
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1997L0023:20031120:en:PDF
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:1998:207:0001:0046:EN:PDF
http://www.fkl.fi/materiaalipankki/ohjeet/Dokumentit/Kattilalaitosten_turvallisuusohjeet.pdf
http://www.fkl.fi/materiaalipankki/ohjeet/Dokumentit/Kattilalaitosten_turvallisuusohjeet.pdf
http://www.tukes.fi/Tiedostot/kemikaalit_kaasu/Turva-automaatio_prosessiteollisuudessa.pdf
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Residual  risk  is  the  risk  that  still  remains  after  some  risk  related  safety  
systems have been implemented, in accordance with the risk reduction 
principles, for the process under control. 

Acceptance is used to show, with the help of inspections and testing, that 
SIS, after its installation, complies with all the safety requirements set for it.  

Target is a device or operation that SIS guides to a safe state if necessary.  

Usability is the probability by which a planned functionality operates when 
required. 

Operating system is the basic software for SIS. 

The closed current principle means that a safety function remains in 
operation readiness with the help of constant auxiliary energy input and can 
function when the energy supply is interrupted. 

Source signifies a measurement or operation, which either alone or together 
with  another  source  can  trigger  a  safety  function,  i.e.,  to  lead  the  sources  
into a safe state. 

The period between scheduled tests is the time period after which the safety 
related system will be regularly tested to discover the hidden faults that may 
have accumulated in the system during that period. 

Basic process control system (BPCS) is an automation system which does 
not  include  safety  related  systems  and  is  meant  for  the  normal  regulation  
and control of a recovery boiler plant. 

Process safety time is the time period between an appearance of a 
dangerous fault in the control system and the moment when an accident will 
happen due to this dangerous fault if the safety function is not performed. 

Risk refers to the combination of the probability of a certain dangerous 
event and of its consequence. 

Risk analysis aims to systematically make use of available information to 
recognize  hazards  and  to  estimate  the  magnitude  of  risks  that  people  or  a  
population, property, or an environment is subjected to.  

Risk assessment is a process that combines risk analysis with the 
assessment of the risk’s significance.  

E/E/PE is based on electric (E) and/or electronic (E) and/or programmable 
electronics (PE) technologies. 

Protection means mechanical control by which the target to be controlled is 
lead to a safe state if the circumstances so demand. Protection functions 
regardless of possible interlocks or new controls. The functions of a safety 
related system are, typically, protections. 



SAFETY INSTRUMENTATION 16A0913- E0044 
 GUIDELINES FOR RECOVERY BOILERS Rev A 
  9 
 

Copyright © Finnish Recovery Boiler Committee (reg. assoc.) 
Copying without a permission of the committee is forbidden  

SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

SIS means Safety Instrumented System and consists of sensors, logic 
solvers,  final  control elements (relays,  valves,  motors etc.)  and the cabling 
between these. 

SIS logic part (SISl) is that part of SIS that is connected to sensors and 
actuators.SRS is an acronym for Safety Related System and it consists of 
mechanical safety systems (e.g., safety valves) and of Safety Instrumented 
System (SIS).  

Verification scrutinizes every work phase with practices of checking and 
acceptance that conform to a certified quality system. 

Safe failure results, in a case of a failure of some device or system, in a safe 
state, or the failure does not affect the operation of safety functions. 

Safety integrity describes the reliability of a safety function, i.e., that the 
safety function is realized when needed. Safety integrity combines the 
safety integrity of the equipment (equipment failure) as well as the systemic 
safety integrity (systematic errors in the system implementation). 

Safety integrity level (SIL) is a discrete level to define the requirements of 
safety integrity of the safety functions for E/E/PE systems that are safety 
related.   The safety integrity levels are graded from 1 to 4. Of these, 4 
is the highest safety integrity. 

Type acceptance is an inspection by a third party to ensure that a product, 
process or service that is appropriately identified complies with a certain 
standard or with detailed requirements. 

Work flow principle ensures that a safety function is activated when the 
device receives an input of auxiliary energy. 

Hazard  is  a  possible  source  of  damage  or  a  situation  enabling  damage  to  
occur. 

Dangerous occurrence can give rise to damage. 

Damage signifies a physical injury or health hazard or damage to property 
or environment. 

Redundancy means performing the same function with two or more parallel 
devices  or  systems.  In  spite  of  their  apparent  independence,  the  different  
channels used to effect redundancy may run the risk of a common failure. 

 

Fault or malfunction indicates an abnormal state, which might reduce the 
capability of a device or a system to perform a required safety function. 

Failure means that a device or a system is no longer capable of performing 
a required safety function. Failures are either of a random nature (in 
devices) or systematic (in devices or programs). 
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Fault  tolerance  is  the  capability  of  a  device  or  a  system  to  continue  
performing the required safety function regardless of a failure. Fault 
tolerance in the implementation of safety functions is normally attained by 
employing redundancy or fail-safe structures. 

Fault tolerance time is the period between the occurrence of a hazardous 
situation (caused by the process itself or by a device malfunction) and the 
point  in  time  when  the  process  behavior  changes  to  a  critical  mode,  the  
result  of  which  is  a  dangerous  event  if  there  are  no  safety  systems  
employed. 

Common failure is a failure which causes a simultaneous failure in two or 
more channels that are performing a safety function in a multichannel 
system. 
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2 PART 1 

2.1 GENERAL 
 
The safety instrumentation of a recovery boiler is that part of the 
automation system that reduces risks by protecting the boiler from getting 
into a dangerous condition, or in a dangerous condition guides the boiler 
into a safe condition. The acronym SIS (Safety Instrumented System) is 
used for safety instrumentation. SIS includes the equipment and 
installations (for example, logic, cabling, and field and electric equipment) 
needed for the implementation of safety functions. 

2.2 MANAGEMENT OF OPERATIONAL SAFETY 
 
The management of the plant's operational safety is a part of the 
implementation of SIS. An essential part of SIS is documentation, which 
ensures that the assessment and maintenance of the safety level of safety 
systems is possible. During the duration of the entire undertaking, it must 
be kept in mind regarding the documentation, that one should be able to 
trace the systematic verification and acceptance of the integrity levels.  
Drawing up of an appropriate safety plan for the project guarantees that all 
the necessary actions to ensure safety will be done. 

The lifecycle of SIS is divided into a definition phase, design and building 
phase, installation and verification phase, and operation and maintenance 
phase. The guideline based on IEC61508 presents, generally applied, the 
phases, responsibilities and documentation of the life cycle. 

Verification must be applied at each work stage during the project, and the 
overall acceptance should take place at the final installation location before 
start-up. 

2.3 RISK ASSESSMENT 
 
Recovery boilers must be subjected to risk assessment, which includes a 
hazard and risk analysis and an evaluation of the significance of the risk. In 
evaluating the significance of the risk, one should consider different danger 
situations and their consequences, and then decide about the degree of 
tolerability that is acceptable. Risk reduction which is deemed necessary 
may  consist  of  different  SRSs  and  of  external  means  to  reduce  risks  
(education, restricted movements, or other ways).  SRS includes, in addition 
to SISs for E/E/PE, also SRSs for other technology such as safety valves, 
rupture disks etc. 

It is useful to divide the hazard and risk analysis into two processes, so that 
the first process focuses on finding unrecognized hazards and the second on 
the  evaluation  of  the  risks  discovered.  By  first  concentrating  solely  on  
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detecting hazards will ensure that the end results in charting those hazards 
will be as good as possible. 

The safety integrity level (SIL) by safety functions is to be defined based on 
the hazard and risk analysis. The most widespread method in the definition 
of the safety integrity level is risk graph in accordance with EN 61508 and 
61511. The method is based on risk consideration, where the consequences 
of, exposure to, the possibility of the avoidance of a danger and its 
frequency of occurrence are observed when SIS is not being used. The risk 
graph and calibration suitable for recovery boilers are shown in Appendix 1 
of Part 2. Calibration is shown separately for damage to persons, 
environment, materials, or property. The appendix also shows a model of a 
hazard and risk analysis form, in which hazards, the reasons for those 
hazards, their consequences, as well as the current preparation and extent 
(the required safety integrity level, SIS) are presented. 

2.4 ORGANIZATION 
 
The parties to the different phases in SIS project and their responsibilities 
must be defined in the beginning of the project. SIS's safety plan must 
present the tasks of the various parties, supply limitations (equipment, 
documents) and participation in tests and commissioning. 

It is necessary to contact a permission authority or inspection office in good 
time and find out about the required assessment, inspection and permission 
procedures.  

2.4.1 Parties 

2.4.1.1 Operator 
 
The end user (operator) is responsible for providing the chemical and 
process information and requirements specification that are essential for 
SIS. If the delivery of SIS is separate from the complete boiler system, the 
operator must assume the responsibility for the functionality and acceptance 
of the whole. 

It is the operator's responsibility to ensure the maintenance, change 
management and periodic testing for the equipment in operation. 

2.4.1.2 SIS supplier  
 
The  supplier  of  SIS  must  supply  a  system  that  meets  the  requirements  
specifications of the operator and complies with those of the law. 
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2.4.1.3 Boiler supplier 
 
The boiler supplier is responsible for the equipment it delivers. If SIS is 
also included in the total delivery of the boiler, the supplier also takes the 
responsibility for its documentation, appropriateness, suitability and for the 
necessary inspections and acceptance procedures. 

2.4.1.4 Assessor of SIS 
 
An  inspection  office  or  a  party  that  has  no  self-interests  in  the  
manufacturing and is competent can act as an assessor of SIS depending on 
the skill and competency. The operator or the supplier of the boiler selects a 
suitable assessor, but it is recommendable that, for the selection, there is 
communication with the authorities responsible for assessing compliance to 
the requirements - generally this is the inspection office. 

The assessor inspects and verifies the application's operational safety and its 
compliance with the requirements. The assessor inspects the actions of each 
phase (definition, planning, implementation, operation and maintenance) of 
the  lifecycle  and  information  obtained  from  each  of  the  phases.   It  is  the  
task of the assessor to decide whether the aims of the applied standards and 
the requirements and procedures decreed have been complied with. 

2.4.1.5 Inspection office 
 
The tasks of the inspection office include the evaluation of the safety 
instrumented systems for pressure equipment, especially for integrated 
machinery and in periodic inspections. It is also the task of the inspection 
office to ensure the technical safety and reliability of the equipment being 
built and implemented and, after that, when it is being used. 

2.4.1.6 Authority 
 
Tukes (Safety Technology Authority) is the controlling authority in Finland 
for technical safety and reliability in its field. Its area of activity includes, 
among others, industrial handling of dangerous chemicals and pressure 
equipment and pressurized systems. 

Tukes grants permits for plants involved in extensive industrial handling 
and storing of dangerous chemicals. Modifications and extensions which 
can be considered equal with building a new plant need a Tukes's 
permission. 

In connection with the permit application or notification about a 
modification,  the  operator  must  present  the  plans  regarding  the  principles  
and  sufficiency  of  the  implementation  of  SIS  for  the  planned  purpose  and  
the inspection methods to be used during the system use. 
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2.4.2 Competency requirements 
 
All the persons who deal with the operations of the SIS as a whole or of the 
lifecycles of software safety, including managerial tasks, should have the 
appropriate education, technical know-how, experience and competence 
which are related to their specific tasks. 

The competence of the persons responsible for the planning, testing and 
commissioning of SIS must be indicated in the description of SIS.  In 
addition, the documentation must contain information about the persons 
responsible. That information must show their education, competence and 
previous experience in SIS projects.  

The following factors should be considered when considering the 
competence of these persons for their tasks. 
 Appropriate technical knowledge suited to their application area 
 Technical knowledge applicable to the technology in question (e.g., 

electrics, electronics, programmable electronics and software 
technology) 

 Knowledge about the safety technology applicable to the technology in 
question 

 Knowledge about legislation and safety regulations 
 The consequences if the systems related to E/E/PE safety do not function 
 The safety integrity levels of the systems related to the E/E/PE safety. 
 The novelty of planning methods, structure or application 
 Previous experience and its significance in relation to the particular tasks 

to be performed and the technology to be used 
 The importance of competency in the particular tasks to be performed 
  Courses taken that are related to the subject 
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2.5 DOCUMENTATION 
 
Documentation must be made such that the matters are presented either in 
the same documentation or with clear references to other documents. 

The table of contents could be made of, for example: 

Definition phase 
 Safety plan 
 Hazard and risk analyses 

 Hazop analysis 
 Integrity level definitions 

 SIS requirement definitions 
 Evaluation report for the definition phase 

 
Planning and implementation phase 
 Functional specifications 
 Safety locking diagrams 
 SIS implementation description 
 Field equipment guide and installation instructions 
 Verification of integrity levels 

 Integrity level calculations and failure rate data 
 I/O card and box layout for safety logic 
 Plan for installation and commissioning 
 SIS logic diagrams 
 SIS program diagrams 
 SIS displays 
 Loop design and wiring diagrams 
 Factory acceptance tests 

 FAT plan 
 FAT instruction 
 FAT test record 
 FAT test report 

 Assessment report for the planning and implementation phase 
 
Installation and acceptance phase 
 SAT plan 
 SAT instruction 
 SAT records 
 SAT acceptance report 
 Assessment report for the installation and acceptance phase 

 
Operation and maintenance phase 
 Plan for operation and maintenance 
 Plan for periodic testing 
 Instructions for periodic testing 
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 Records for periodic testing 
 Reports for periodic testing 
 Assessment report for the operation and maintenance phase 

2.5.1 Definition phase 
 
The documents of the definition phase are drawn up in collaboration with 
the  operator,  with  the  persons  responsible  for  the  electrical  design  and  
instrumentation design and with the main equipment supplier. 

2.5.1.1 Safety plan 
 
The  safety  plan  presents  an  implementation  plan  related  to  safety.  It  
describes the process of a SIS project by stages and the methods by which 
safety is ensured. The focus is on quality assurance and matters related to 
the assessment of the appropriateness of the implementation. 

The contents of the safety plan are, briefly: 

1.   Target 
A short description of the target (plant) 

2.   Regulations, recommendations and standards to be applied 
A list of laws, regulations, recommendations and standards to be followed 
in the definition, planning and implementation of the plants' SRSs. 

3.   Supply limitations 
A short clarification about the planning and implementation supply 
limitations regarding the client, equipment supplier and SIS supplier. 

4.   Organization and responsibilities 
The persons who are responsible for the definition, planning and 
implementation of SIS, tasks, responsibilities, supply limitations and 
competency (see 2.4.1). 

5.   Documentation 
A short description about the documentation to be produced during the 
definition, planning and implementation of SRS. 

6.   Modification procedures 
A description about how the management of possible changes is to be 
realized during the planning, testing, commissioning and maintenance 
phases. 

7.   Testing, inspection, survey, acceptance and auditing methods 
A short description about the testing, inspection, survey, acceptance and 
auditing procedures to be used during the project. 
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8.   Training plan 
A short description about the training on safety functions and about SIS 
training for the operational personnel. 

9.   Schedule 
The main issues, documents and different inspections for the definition, 
planning and implementation of SIS are defined in the schedule. 

2.5.1.2 Hazard and risk analysis 
 
Generally, it is the main equipment supplier who draws up the hazard and 
risk analysis, which is then examined together with the operator. The 
document should consider dangers associated with recovery boilers and 
assess the related risks and risk reduction methods. 

There are two stages for the hazard and risk analysis: 

Stage 1 (HAZOP or similar) 
In stage 1, a hazard assessment is made for a plant/equipment/device by 
using, for example anomaly examination (HAZOP Hazard and Operability 
Study) or a similar analysis method. 

In the assessment the actions to reduce risks are defined with SIS or by 
other risk reduction methods (e.g., rupture disks, safety valves). 

Stage 2 (SIL definition) 
In stage 2, an assessment is made, based on the report of stage 1, about the 
risks associated with hazards and about risk reduction methods. Safety 
integrity levels (SIL) for the safety functions to be implemented in SIS are 
also defined. Risk assessment focuses on personal risks, but also serious 
environmental harm, material damage and production losses may be 
assessed. 

Appendix 1 in Part 2 shows in more detail the implementation and 
documentation of the hazard and risk analysis for a recovery boiler. 

The necessary parts of hazard and risk analyses must be updated if in the 
planning and acceptance stages: 
 decisions are made, which can change the grounds of the decisions made 

in stages 1 and 2  
 new hazard situations come up 

 
 
 
 

2.5.1.3 SIS requirement specification (safety functions implemented by SIS) 
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The requirement specification for SIS are normally provided by the main 
equipment supplier. The requirements definition is based on the hazard and 
risk analysis, and it must contain the functional requirements of total safety 
for  the  SIS  equipment  and  for  SIS  safety  functions  (descriptions  of  safety  
functions) and their integrity level requirements. The level of safety must be 
defined for each recognized hazard. 

The requirement specification discusses the requirements expected from the 
operations and reliability of safety functions, verification of compliance 
with the requirements, as well as preparation for hazardous situations, their 
prevention, limitation of consequences etc.  

The  requirement  specification  must  be  completed  before  the  definition  of  
SIS’s logic part and its procurement. 

2.5.1.4 Safety interlock diagrams 
 
Interlock diagrams are designed by the main supplier. In the safety interlock 
diagrams all the safety functions presented in the requirements definition 
are shown unambiguously. Correct device positions are used and the 
interlock values for process variables are shown as accurate number values. 
The interlock diagrams should be completed before programming starts. 

2.5.1.5 Field equipment guide and installation instructions 
 
The field equipment guide and installation instructions show the field 
equipment solutions to be used in the project for the planning and design of 
instrumentation and electrification. The instructions must also give 
instructions about installations and markings. 

2.5.2 Planning and implementation phase 
 
The documentation for the planning and implementation phase presents the 
part of the SIS documentation that is created when a SIS is designed and 
completed in accordance with the definition phase. 

2.5.2.1 Description of SIS implementation 
 
The  description  of  SIS  implementation  shows  the  part  of  the  safety  
instrumented system and the part of the field equipment. The description of 
the logic solver is created by the supplier of the safety instrumented system. 
The description of the field equipment and installation is created by the 
designer of the electrical and instrumentation plan supplementing the part 
done by the supplier of the safety instrumented system, or a separate 
implementation description is drawn up by that designer. 
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A selection of the principles to be used in the implementation of SRS is 
made in the SIS's implementation plans. The description must indicate the 
equipment used and their behavior in possible equipment break-downs as 
well as the necessary program blockings to prevent outsiders from changing 
calibration or parameters. 

When selecting the implementation principles, attention should be paid to 
the SIS’s periodic tests and testing interval. One should note that it should 
be possible to organize a considerable portion of the periodic tests to be 
conducted during the normal operation of the plant and in connection with 
its shutdown as well as with its startup. 

2.5.2.2 Verification of integrity levels 
 
Verification of integrity levels is part of the implementation description. In 
verification, the attainability of safety integrity for safety functions must be 
shown, in accordance with the hazard and risk analysis and the requirement 
specification. Verification must be performed by examining separately the 
sufficiency of the device architecture and the probability of an equipment 
failure due to a fault. This should be based either on the reliability data 
(failure rate, failure rates due to dangerous faults, and diagnostics) related to 
the field equipment and logic solver or, if these values are missing, on other 
estimations and experience. The verification of integrity levels 
is explained in more detail in Appendix 2 of Section2. 

Integrity  level  calculations  are  the  task  for  the  supplier  of  the  safety  
instrumented system. These calculations are based on the reliability data 
(failure rates, failure rates due to dangerous faults, and diagnostics itself) 
obtained from the designer of the field sections (electrification and 
instrumentation). 

2.5.2.3 The safety instrumented system’s layout for cabinets, boards and I/O. 
 
The  safety  instrumented  system’s  layout  for  cabinets,  cards  and  I/O  is  
designed by the system's supplier. The layouts must also show any possible 
spare cards.  

2.5.2.4 The plan for installation and commissioning 
 
The plan for installation and deployment consists of several documents 
from different areas.  The complete document is produced by the end client, 
who collects documents from the different areas of interest to be used in the 
planning of deployment. The client also draws up a detailed schedule about 
the stages of deployment and the duties and responsibilities for each party. 

The plan for the installation and commissioning of the logic solver, 
electrification as well as of instrumentation is to be accomplished by the 
designers of the areas of interest in question. 
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2.5.2.5 SIS program diagrams 
 
The programming for the SIS's logic solver is the responsibility of the 
system’s supplier. The program must have such documentation that it can 
be understood without the presence of the program author. 

2.5.2.6 SIS displays 
 
SIS displays are shown either on SIS's own terminals or in the normal 
process control system. 

2.5.2.7 Loop and wiring diagrams 
 
The text ”RELATED TO INTERLOCKS” must be affixed to the loop and 
wiring diagrams of the field equipment that is to be connected to the safety 
instrumented system. The loop and wiring diagrams are made by the 
designer in that area. 

2.5.3 Testing documentation 
 
Testing (FAT factory acceptance testing, SAT site acceptance testing, and 
periodic testing) documentation includes a testing plan, testing instructions, 
testing records, and a testing report.  

2.5.3.1 Testing plan 
 
The testing plan includes the target of testing, testing organization, 
conditions for testing, documentation needed in testing, testing equipment, 
testing methods, testing acceptance criteria, instructions for creating a 
testing report, as well as the report distribution. 

2.5.3.2 Testing instructions 
 
Accurate testing instructions based on tests are made. The instructions 
explain the preparations for each testing stage, and instruct on how to 
simulate the sources and how to realize possible temporary connections 
between the channels. They also explain the interlocks (objects) for each 
testing stage. Different equipment combinations (1/2, 2/3) must be tested 
separately and presented in the testing instructions. 

The aim of the testing instructions is to guide the testing to such an 
accuracy that it is possible, afterwards, trace the testing process. 

2.5.3.3 Testing records 
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The testing records must be prepared beforehand in line with the testing 
instructions and in such a way that the operations realized and the interlocks 
occurring can be witnessed and the locking limits can be written down. 

2.5.3.4 Testing report 
 
The testing report is prepared at the end of testing.  The report states the 
testing target, date, and participants and includes a mention about the test 
acceptance and the signatures and their clarifications of all the participants. 
In addition, the modifications and additions made on the definition and 
testing material are recorded in the report. If the repair, modification and 
addition operations cannot be tested with the testing under way, it should be 
recorded when the deficiencies will be tested. 

The end client or the supplier of the safety instrumented system is 
responsible for creating the testing plan, instructions and the testing records. 

2.5.4 Operation and maintenance phase 

2.5.4.1 The plan for operation and maintenance 
 
A plan for the operation and maintenance of the safety instrumented system 
must  be  made.  This  plan  should  tell  about  the  target  of  the  plan  and  the  
persons responsible for it, and contain an explanation about SIS’s 
documentation, an introduction of the operating and maintenance personnel 
to SIS, the plant’s general safety instructions, guidance to periodic testing, 
and instructions for maintenance and modification procedures (permissions, 
acceptances, documentation etc.). The plan is drawn up by the end client 
together with the supplier of the safety instrumented system. 
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2.6 THE LOGIC SOLVER OF THE SAFETY INSTRUMENTED SYSTEM 
 
The logic solver (SISl) of the safety instrumented system must be 
independent of the basic process control system.  It can, nevertheless, 
be connected to the basic process control system through, for example, bus- 
connections or hardwiring. A separate SIS unit means a separate logic or a 
(integrated) logic that has been built with separate control system 
components and contains only the operations meant for safety protections. 
It should be kept in mind that the logic solvers and the components must be 
certified for the purpose intended. 

SISl is implemented in accordance with the defined highest integrated 
safety level based on the hazard and risk analysis. Even though the above 
mentioned logic solvers, as single-channeled, had been accepted at the 
safety integrity level 3 (SIL3), SISl when connected with a recovery boiler, 
for the sake of usability, must be built in such a way that the processors can 
be changed during the operation. Similarly, redundant I/O’s for the input 
and output cards must be located in such a way that the failure of an 
individual card cannot result in the deterioration of the usability or safety of 
the plant. 

The measurements of the circuits related to SIS are wired first to SIS1, from 
where the measurement data for indications, reporting, control and for 
similar needs is lead to the process control system either directly through a 
bus, through an I/I transformer or with additional outputs from SISl 

Connection of safety related regulation and control circuits to SIS is 
realized with a separate control from SISl, with which the final control 
element (valve, damper, fan, pump etc.) can be brought to a safe state at the 
so-called “hard wire” independently of the basic process control system. 
Regulation and control operations which do not have safety requirements 
are implemented in the basic process control system. 

Controlling motor valves and motors related to motor centers to a safe state 
is implemented with the help of safety relays which are located to the safety 
logic. 

When necessary, to attain the required integrity level, a separate additional 
control target is needed. This will further reduce the risk associated with the 
possible non-functioning of the control target in question. This means, in 
the case of the primary air fan for example, that in addition of the safety 
control for the fan’s motor, the safety logic also guides the air flow control 
dampers to a safe position. 
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2.6.1 The plan for a logic solver (hardware) 
 
The logic in its equipment container is installed in the SIS cabinet. Also the 
incoming and outgoing cables from the field are placed there. The required 
isolators and relays are also located in the same cabinet or in a distribution 
frame to be positioned on the side of the cabinet. Redundant input and 
output signals are located on different boards in such a way that as high as 
possible degree of usability is achieved (for example, measurements with 
the selection principle 2 out of 3). 

A separate marking is attached to the cabinets, frames, cards and channels 
that are connected with SIS, to indicate that the equipment belongs to the 
safety related circuits.  The cross-connection to the signals related to SIS is 
done by red wiring to distinguish it from the signals going to the basic 
process control system. 

The  markings  of  SIS  and  the  circuits  related  to  it  must  comply  with  the  
Report 9/2000, Rev A “Marking recommendation for safety related 
systems” issued by the Finnish Recovery Boiler Committee. Report is 
presented in Appendix 10. 

Voltage feed to the logic solver is arranged from a voltage source that is 
equipped with a screening transformer.  In addition to this, a standby 
voltage feed must be arranged for the logic solver (and through it to the 
field equipment) in case of interruptions and faults in the main voltage feed. 
The standby voltage feed must connect automatically and without an 
interruption once the main supply has ceased functioning. The standby 
supply is accomplished with UPS equipment and a set of direct current 
batteries. The standby voltage supply must be able to feed the system at 
least 45 minutes (normal rapid drain and safety time period). An alarm for 
the operator must be connected to the condition monitoring of both the 
main feed and the standby supply. 

2.6.2 The plan for the logic solver (software) 
 
The documentation must include own interlock diagrams for the SIS 
circuits’  operations  and  unambiguous  verbal  descriptions  as  well  as  the  
basic circuit arrangement which shows the whole circuit on a single 
document  from  the  source  to  the  object  (trip  limits,  operation,  I/Os,  
connections to other parts) (see Section 2, Appendices 3, 4 and 5). 

Separate displays about the SIS safety functions are created for the interface 
to the safety logic or that to the basic process control system (see Section 2, 
Appendix 6). These give information about measurement data, binary state 
data, and, in addition to controls, also about the state of the measuring 
instruments and about controlled objects under final state monitoring. 

Its own alarm pages, in which the SIS alarms can be put into their own 
category, must be made for SIS in the basic process control system. Apart  
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from the SIS functions, information is needed also about sensor and signal 
faults in the field equipment. A notification or an alarm text with a time 
stamp attached (for example in 100 ms intervals) must be generated when 
SIS  is  triggered.  The  system  must  be  able  to  tell  the  basic  reason  for  the  
triggering  of  SIS.  Similarly,  the  alarms  must  be  able  to  monitor  the  
deviations of redundant measurement signals (for example, if the deviation 
is more than 10%). 

SIS programs must be protected with a password or by other means in such 
a way that any modification of the programs by outsiders is prevented. 

2.7 FIELD EQUIPMENT 

2.7.1 General 
 
The  field  equipment,  in  the  case  of  a  recovery  boiler,  does  not  need  a  
separate  SIS  which  would  have  its  own  field  equipment  and  logic  solver;  
for this it is sufficient to use equipment that is normally used in the basic 
process control. Nevertheless, it should be noted that the signal data from 
measuring instruments, control switches, limit switches or other sources is 
first brought to SISl, from where the signal can be further taken to the basic 
process control system to be utilized there. 

Similarly, no separate valves are installed only for the SIS’s controls. The 
necessary closing and opening operations are realized using the process 
control valves. This, however, presupposes that the required integrity level 
is achieved. 

The higher the requirement for a safety function’s integrity level, the more 
independent and reliable should the equipment for SIS be. 

In addition, in the case of field equipment, it is necessary to pay attention to 
the redundancy and reliability requirements as demanded by the safety 
integrity levels (SIL) and usability. 

When specifying the field equipment one must also pay attention to the 
possibility of periodic testing during operation. 

The safety of SIS as a whole (sensors – logic solver – actuators) should be 
checked with the help of a computational analysis, to ensure that the 
integrity level defined with the help of the risk analysis is achieved with the 
selected structural solution for the safety instrumented system. To be able to 
conduct a computational analysis in order to ensure the adequacy of the 
operational  safety  for  the  entire  SIS,  one  should  demand,  for  all  the  field  
equipment selected, an approval for safety related systems and its 
probability of failure values in accordance with the EN-61508 standard. 
There is an example of the computational analysis in Appendix 2 of Section 
2. 
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2.7.2 Measuring devices 
 
The measuring devices should be analog 2-wire transmitters with high 
quality self-diagnostics. The transmitters should be, primarily, certified 
transmitters meant for safety use. When using normal transmitters, the 
measurements should be realized using the 2/3 comparison principle to 
achieve as high usability as possible. 

When using the safety transmitters with a higher quality self-diagnostics 
(the best solution), a higher integrity level and usability is achieved using 
two  transmitters  and  1/2D  principle.  There  are  two  separate  signals,  the  
measuring  signal  and  the  diagnostics  signal,  that  can  be  obtained  using  
safety transmitters.  The diagnostics signal gives information about the state 
of the transmitter. It is not necessary to guide the plant into a safe state due 
to the failure of one transmitter. The responsibility for that is transferred to 
the other transmitter alone, and the operator is alerted to the failure 
condition.  The failed transmitter must be replaced within a set time period. 

In addition to the protective interlocking caused by the process interlock 
limit, the failure of the transmitter, as well as that of the cable, must trigger 
a safety interlocking function. All pressure and level measurements related 
to the recovery boiler’s SIS are to be realized by pressure and pressure 
difference transmitters. The transmitters must block programming and be 
adjusted with approved calibrated devices. Redundant measurements must 
be calibrated in the same range. 

The compensation of the measurement signals in safety related circuits 
must be realized in connection with air volume measurements. However, 
this is not necessary in drum level measurements, where a raw signal 
should be used as the tripping signal primarily. The reason for this is that 
compensations increase SIS’s circuits, different calculation methods and 
algorithms  complicate  the  clarity  of  the  whole  and  the  significance  of  
compensations in measurements is not that great. Compensation 
calculations in SIS must be done in such a way that the compensation 
signals are included in SIS. If the same compensation signal is used for 
compensating several measurement signals, the safety of that solution must 
be justified. 

2.7.3 Push buttons and switches 
 
Main ESD, rapid drain and emergency-stop push buttons must be of the 
mushroom shape, red in color and equipped with a sufficient number of 
poles. The buttons must lock when pressed in. The interlock caused by the 
emergency-stop buttons is acknowledged with a separate acknowledgement 
button  located  in  the  control  room.   The  buttons  on  the  field  must  be  
marked in such a way that it is clear what effect the use of the button will 
have and that the button can be seen clearly from a distance of at least 10 
meters. 
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Limit switches must be of such type and connected in such a way that the 
so-called circuit opening connection principle is realized. The switches may 
be either inductive (2-wire) or mechanic with self-cleaning contacts. 

2.7.4 Valves 
 
The valves connected with the controls of SIS must be equipped with spring 
return actuated devices. The driving direction of the actuator must be 
selected in such a way that the spring force guides the valve to a safe state 
while the pressure air leaves the actuator. 

The guidance to a safe state is realized with a solenoid valve, which is 
installed linking it to the actuator. The solenoid valve when de-energized 
lets the pressure out of the actuator, and the spring forces the valve to a safe 
state. It should not be possible to manually control the solenoid valves. 

A solenoid valve is installed between the positioner of the control valves 
and the actuator. In an interlock situation, the solenoid valve uses a spring 
to force the control valve to a safe position in accordance with the interlock 
instructions. 

”Spring closes” actuators are used as fire valves and ESD valves while 
“spring opens” actuators are used as ventilation/pressurization valves. Fire 
valves and ESD valves must comply with the requirements of the medium. 

Feed water valves (stop valves), main steam valves, blow down valves, 
start-up valves, attemperation valves, rapid drain valves, drum level 
reducing valves, sootblowing valves and main inlet header rapid drain are 
traditionally electrically driven and equipped with a secured auxiliary 
supply. 

2.7.5 Pumps and fans 
 
The motor outputs used are standard outputs (no different colored internal 
wirings or different colored terminal blocks). 

The running state of pumps and fans are obtained, with the help of closing 
auxiliary contacts, from motor contactors at the motor centre or, 
alternatively, from the frequency converter using the contact data at SIL 1 
and in addition, for example, from the voltage or current monitoring or 
from some process measuring value starting from SIL2 integrity level. 

Any possible seizing-up of a main output contactor is taken care of by 
oversizing the contractor. The dimensions of the contractors comply with 
the IEC60947-2 coordination class 2, AC3, (Simocode trigger class 10), so 
that ICS (measured breaking capacity for an extreme short circuit) is 
sufficiently high. 
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2.7.6 Motor valves 
 
Auxiliary relays for SIS controls are added to the motor valves’ outputs. 
The relays used are auxiliary relays approved for safety and are, depending 
on the application, in parallel (start) or in series (stop). 

The temperature control and torque limits for motor valves are bypassed in 
connection with the protective interlocking of SIS. 

2.7.7 Safety switches 
 
Both the motors and the motor valves are equipped with normal safety 
switches. 

2.7.8 Voltage supply 
 
For field equipment that require a 230 V external supply, the voltage feed 
must be wired from a UPS secured network.The network must be designed 
in such a way that it can keep the system running for 45 minutes. 

The main supply for motor  valves and for other safety related actuators 
must be arranged from a secured centre (e.g., diesel or by other means). 

2.8 FIELD DESIGN 

2.8.1 Installation targets 
 
The installation targets must be designed and installed in such a way that 
tests can be performed without dismantling the installations. 

2.8.2 Measurement points 
 

In measurements related to SIS, the basic principle is that each 
measurement has its own process measurement connection. 

A separate pumping connection point must be included in the measurement 
points of the measurement transmitters for commissioning tests and for 
periodic testing. Pumping can be arranged, for example, through a 5/2 
installation valve. 
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2.8.3 Root valves and installation valves 
 
Both the root valves and the installation valves must be lockable, or the 
handles and hand wheels must be removed so that outsiders cannot change 
the valve positions. Clear indicators about the open/closed position must be 
installed in the valves once the handles and hand wheels have been 
removed. 

2.8.4 Cabling 
 
Measurements and controls connected with SIS can be realized using 
individual or multicore cabling. For analog signals protected cables are 
used. 

SIS’s redundant measurement signals are transferred to the SIS’s logic 
solver through different cables and preferably through different routes. If 
multicore cables are used in the installations, separate multicore cables that 
are exclusively reserved for SIS are used for signals connected with SIS. 

There is not enough experience yet about field bus solutions to be able to 
recommend them for the transfer of measurement and control data in SIS. 

2.8.5 Markings 
 
Field equipment, root and installation valves, process measurement points 
and cabling must be distinguished by a different marking (red) from the rest 
of the field equipment (See Appendix 10). 
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2.9 SAFETY LOCKING FOR THE RECOVERY BOILER 
 
It should be kept in mind that safety functions must always be based on the 
hazard and risk analysis made for the recovery boiler.  Also, when assessing 
the  significance  of  the  risks,  the  integrity  level  must  be  defined.  This  has  
not been discussed in connection with the lockings presented below. 

To achieve a adequate safety level, the work group ended up with the 
following model lockings. 

2.9.1 Boiler protection 
 

Purpose: 
Boiler protection means all the necessary actions, from the viewpoint of 
safety, to prevent damage to the boiler. Boiler protection consists of several 
process values and device states for the boiler. These are defined values and 
states. When the boiler protection conditions have been complied with, the 
boiler can be start-up and firing can continue. 

Sources: 
Main ESD button 
 The main ESD button pressed in the control room 

Steam drum level 
 The drum level is below the lower limit (dry boiling guard) 

3 pressure measurements 
 with 2/3 selection 

 The drum level is above the upper limit (wet boiling guard) 
3 pressure measurements 
 with 2/3 selection 

Primary air 
 The amount of primary air below the lower limit 

2/3 selection, for example, of the following conditions: 
 the fan is not running 
 The amount of primary air below the lower limit 
 the pressure of the air ring below the lower limit 

Secondary air 
 The amount of secondary air below the lower limit 

2/3 selection, for example, of the following conditions: 
 the fan is not running 
 the amount of secondary air below the lower limit 
 the pressure of the air ring below the lower limit 

Furnace pressure 
 The pressure of the furnace above the upper limit 

3 pressure measurements 
 with 2/3 selection 
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Flue gas outlet 
 The Flue gas outlet closed (at least one gas outlet must be open) 
 The Flue outlet open signal is compiled from the fan’s running data and 

from open limit switch signal of the input and output dampers. 
 the fan is not running 

Using the 2/3 selection about the fan’s rotating speed data, electric 
drives on - data, and the vacuum pressure measurement after the 
electrostatic precipitator 
 the rotating speed of the fan below the lower limit 
 the fan is not running 
 the vacuum pressure of the channel above the lower limit 

 the income channel damper away from the open limit 
3 limit switches 
 2/3 selection 

 the output channel damper away from the open limit 
3 limit switches 
 2/3 selection 

Control air (when required) 
 the pressure of the control air below the lower limit 

3 pressure measurements 
 2/3 selection 

The O2 content of the flue gas (when required) 
 The content of O2 in the flue gas is below the minimum limit 

3 oxygen measurements 
 2/3 selection 

 
Objects: 

Liquor burning 
 liquor burning permit removed 

 liquor feeding pumps stop 
 liquor feeder valves close 

Burning of auxiliary fuel 
 burning permits for auxiliary fuel systems are removed 

 the burners’ quick-closing valves close 
 starting permits for auxiliary fuel systems are removed 

 the ignition gas valve closes 
Burning of diluted non condensable gases (DNCG) 
 the feeding permit for DNCG is removed 

 the feeder valves for DNCG close down 
 DNCG are lead to a stack or to a spare burning place 

Concentrated non condensable gases (CNCG) 
 the feeding permit for CNCG is removed 

 the feeder valves for CNCG close down 
 CNCG are lead to a chimney or to a spare burning place 
 the feeder valves for the auxiliary fuel of CNCG close down 

Blow gas from the dissolver (when required) 
 The dissolver’s blow gas valves to the boiler close down 
 The dissolvers blow gas valves to the chimney / roof open 
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The boiler’s lower airs 
 The boiler’s lower airs stop 

 fans stop 
 dampers close  

The boiler’s upper airs 
 The upper airs of the boiler are left running 

Furnace ventilated 
 The furnace ventilated signal removed 

2.9.2 Ventilation conditions for the burner 
 

Purpose 
Burner ventilation is an operation in which the burner is ventilated in order 
to ignite the auxiliary fuel. At the start of the ventilation the boiler 
protection must be in condition so that the first  burner can be started after 
the ventilation. Ventilation conditions are made up of many of the burner’s 
process values and device states which must be at certain values and states. 

Sources 
Main ESD button 
 Main ESD button not pressed in the control room 

Primary air 
 The amount of primary air above the lower limit 

2/3 selection, for example, of the following conditions: 
 the fan is running 
 the amount of primary air over the minimum 
 the pressure of the air ring above the lower limit 

Secondary air 
 The amount of secondary air above the lower limit 

2/3 selection, for example, of the following conditions: 
 the fan is running 
 the amount of secondary air above the minimum 
 the pressure of the air ring above the lower limit 

Furnace pressure 
 The pressure of the furnace below the upper limit 

3 pressure measurements 
 with 2/3 selection 

Flue gas outlet 
 The Flue-gas-outlet-closed (at least one gas outlet must be open) 
 The Flue outlet open signal is compiled from the fan’s running data and 

the input and output data related to open dampers. 
 the fan is running 

Using the 2/3 selection about the fan’s rotating speed data, electric 
drives on - data, and the vacuum pressure measurement after the 
electrostatic precipitator 
 the rotating speed of the fan above the lower limit 
 the fan is running 
 the vacuum pressure of the channel below the lower limit 
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 the input channel damper on the open limit 
3 limit switches 
 2/3 selection 

 the output channel damper on the open limit 
3 limit switches 
 2/3 selection 

Control air 
 the pressure of the control air above the lower limit 

3 pressure measurements 
 2/3 selection 

The emergency-stop for auxiliary fuel 
 The emergency-stop button for auxiliary fuel not pressed 

The emergency-stop for liquor burning 
 The emergency-stop button for the liquor burner not pressed 

The liquor lines to the boiler 
 All liquor lines to the boiler closed 

Isolation of diluted non condensable gases in the furnace 
 The isolation valves for DNCG closed 

Isolation of concentrated non condensable gases in the furnace 
 The isolation valves for CNCG closed and ventilation valve opens 

Fuel lines for auxiliary fuel burners 
 The quick closing valves for the auxiliary fuel burner closed 

The furnace ventilated 
 Permitted time after the ventilation of the furnace exceeded 

 
Objects 

Furnace ventilation 
 The ventilation permit for the furnace still valid 

 
Implementation 

The tripping condition “do not ventilate the boiler” is implemented in SIS. 
Monitoring related to the ventilation and ignition readiness is implemented 
in SIS. 

The monitoring of the boiler ventilation is implemented in SIS. The safety 
logic controls that, after the ventilation order, the quantity of air has reached 
the required level and that the ventilation takes the time required. The time 
and the quantity of air needed for ventilation must be confirmed with the 
supplier of the boiler to ensure that the required quantity of air goes through 
the boiler. 
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2.9.3 Furnace ventilated 
 
Purpose: 

After the boiler has been ventilated for the required time, ’furnace 
ventilated’ precondition signal arrives, which means that the permit for the 
firing of the first burner has been obtained. The ventilated signal is not 
needed when the liquor fire data is in effect in the furnace or when one of 
the burners is in operation. 

Sources 
Boiler protection 
 Boiler protection in good condition 

The emergency-stop for auxiliary fuel 
 The emergency-stop button for auxiliary fuel not pressed 

Ventilated time 
 Furnace ventilated time below permitted 

Liquor lines to the boiler 
 All firing liquor lines to the boiler closed 

Auxiliary fuel burners in operation 
 No auxiliary fuel burner in operation 

Burner ignition attempts 
 Fewer than 2 attempts to ignite a burner with oil or fewer than 1 by gas 

 
Targets 

Furnace ventilation 
 Furnace ventilated signal still valid 

 
Implementation: 

 
The tripping conditions (do not ignite the boiler) are implemented in SIS. 
Monitoring of operations related to ventilation and ignition preparedness is 
implemented in SIS1. These monitoring processes include: 

 Fire in the boiler signal creation 
 Counting of ignition attempts 

 
The counting of ignition attempts is implemented in SIS. A single ignition 
consists of a ignition order and the opening of the quick closing valve of the 
burner in question (the closing-limit signal – off).Two ignition attempts 
with  oil  are  permitted,  after  which  the  ventilation  of  the  boiler  have  to  be  
repeated before any further ignition attempts. 

2.9.4 Boiler burning permit for startup burners (furnace ready) 
 

Purpose 
The boiler burning permit for the startup burners ensures that the boiler 
condition is such that the startup burner can be set to work. 
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Sources 
Ventilation of the furnace 
 Furnace ventilated 

OR 
Liquor firing 
 Liquor firing in operation 
 Liquor flow to the boiler above the lower limit, and 
 The amount of steam from the boiler above the lower limit 

OR 
Auxiliary fuel burners 
 At least one auxiliary fuel burner in operation 

 
Objects 

Furnace burning permit for the startup burners in effect 

2.9.5 Burning permit for the startup burner 
 

Purpose 
The burning permit for the startup burner ensures that both the furnace and 
the burner are in a state in which the burner can be started and that the 
process and state information related to both the auxiliary fuel to be burned 
and to other intermediate agents needed is correct. 

Sources 
Boiler protection 
 Boiler protection in good condition 

The emergency-stop for auxiliary fuel 
 The emergency-stop button for auxiliary fuel not pressed 

Combustion air 
 The pressure of the combustion air above the lower limit 

The pressure of auxiliary fuel 
 The pressure of auxiliary fuel above the lower limit and below the upper 

limit 
The temperature of auxiliary fuel 
 The temperature of auxiliary fuel above the lower limit 

Burners’ control air pressure 
 The burners’ control air pressure above the lower limit 

The pressure of the dispersing agent intermediary 
 The pressure of the selected dispersing agent intermediary above the 

lower limit (oil firing) 
Boiler burning permit for the start-up burners 
 Boiler burning permit for the start-up burners in effect 

Burner in place 
 Burner in the burning place signal in effect 

Air damper open 
 Air damper in open limit 

Flame control 
 Flame exists (after a certain time from the ignition) 
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Objects 

Burning permit for the startup burner 
 Burning permit for the startup burners in effect 

2.9.6 Boiler burning permit for load burners (furnace ready) (when required) 
 

Purpose 
The boiler burning permit for load burners ensures that the boiler conditions 
are such that the load burner can be started up. 

Sources 
Liquor firing 
 Liquor firing in operation 

 Liquor flow to the boiler above the lower limit, and 
 The amount of steam from the boiler above the lower limit 

OR 
Startup burners 
 At least the required number of auxiliary fuel start-up burners in 

operation 
 

Objects 
Furnace burning permit for load burners in effect 

2.9.7 Burning permit for the load burner 
 

Purpose 
The burning permit for load burners ensures that the furnace and the burner 
are in a state in which the burner can be started and that the process and 
state information related to both the auxiliary fuel to be burned and to other 
intermediate agents needed is correct. 

Sources 
Boiler protection 
 Boiler protection in good condition 

The emergency-stop for auxiliary fuel 
 The emergency-stop button for auxiliary fuel not pressed 

Furnace burning permit for load burners in effect (when required) 
 Liquor burning in operation - on 

OR 
 A sufficient number of start-up burners on 

Combustion air 
 The pressure of the combustion air above the lower limit 

The pressure of auxiliary fuel 
 The pressure of auxiliary fuel above the lower limit and below the upper 

limit 
The temperature of auxiliary fuel 
 The temperature of auxiliary fuel above the lower limit 
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Burners’ control air pressure (when required) 
 The burners’ control air pressure above the lower limit 

The pressure of the dispersing agent intermediary 
 The pressure of the selected dispersing agent intermediary above the  

lower limit (oil firing) 
Load burner in place 
 Load burner in burning place signal in effect 

Combustion air flow (when required) 
 The flow of the combustion air above the lower limit 

The proportion of combustion air and fuel (when required) 
 The proportion of combustion air and fuel correct 

The pressure of auxiliary fuel at the burner 
 The pressure of auxiliary fuel at the burner above the lower limit 

Flame control 
 Flame exists (after a certain time from the ignition) 

 
Objects 

Burning permit for the load burner 
 Burning permit for the load burner in effect 

2.9.8 The emergency-stop for auxiliary fuel 
 

Purpose 
The purpose of the emergency-stop buttons for the auxiliary fuel burners is 
to stop the auxiliary fuel burners and shut the feeding line valves as well as 
open the ventilation/pressurization valves in case of a possible disturbance 
such as fire. 

Sources 
Main ESD button 
 Main ESD button pressed 

Emergency-stop buttons 
 Emergency-stop button pressed in the control room 
 Emergency-stop buttons pressed in the field along the passages 
 Emergency-stop buttons pressed in the burner control cabinets 

 
Objects 

Fire stop valves for the burner’s auxiliary fuel 
 Fire stop valves for the auxiliary fuel close 

Auxiliary fuel burners 
 Quick-closing valves for the auxiliary fuel burners close 

 startup burners 
 load burners 

Ignition gas feed for the burners 
 The burners’ quick-closing valves for the ignition gas close 

Startup permit for the burners 
 The burners’ ignition gas valves close 

 
 



SAFETY INSTRUMENTATION 16A0913- E0044 
 GUIDELINES FOR RECOVERY BOILERS Rev A 
  37 
 

Copyright © Finnish Recovery Boiler Committee (reg. assoc.) 
Copying without a permission of the committee is forbidden  

SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

Burner ventilation 
 The ventilation of the burner is interrupted and the “furnace ventilated” 

signal disappears 
 

Implementation: 
 
Emergency-stop buttons must be equipped with opening contacts (circuit-
opening connection principle). 

Pressing the emergency-stop buttons in the control room or along the 
passages closes all fire stop valves and the burners’ quick-closing valves 
either  directly  through  the  effect  of  the  outputs  of  the  safety  logic  or  
through the outputs of the basic process control system which are wired 
through relays controlled by the safety logic. 

Pressing the emergency-stop buttons in the burner control cabinets closes 
the feeder valve and, when required, opens the ventilation valve at the 
burner concerned as well as closes the quick-closing fuel valves at the 
burner. 

2.9.9 Feeding permit for diluted non condensable gases (DNCG) 
 

Purpose 
The feeding permit for DNCG ensures that the boiler is in a state in which 
DNCG can be safely fed into boiler and that the gases burn properly. 

Sources 
Boiler protection 
 Boiler protection in good condition 

The amount of steam in the flow (if required) 
 The amount of steam in the boiler is above the minimum limit 

The level of the odorous gas condensate pocket (when required) 
 The level of the odorous gas condensate pocket is below the maximum 

limit 
Odorous gas content (when needed) 
 Content is below the minimum limit 

 
Objects 

Feeding permit for DNCG 
 The feeding permit for DNCG is in effect 

 DNCG to burn valve not locked 
 The collection valves not locked 

2.9.10 Burning permit for concentrated non condensable gases (CNCG) 
 

Purpose 
The feeding permit for CNCG ensures that the boiler is in a state in which 
CNCG gases can be safely fed into boiler and that the gases burn properly. 
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Sources 
Boiler protection 
 Boiler protection in good condition 

Liquor fire signal to the CNCG feed 
 Liquor firing in operation 

 Liquor flow to the boiler above the lower limit, and 
 The amount of steam from the boiler above the lower limit 

Auxiliary firing in operation, oil/gas or methanol (when required) 
 Auxiliary firing in operation 

The pressure of the combustion air in the burner 
 The pressure of the combustion air above the lower limit 

The pressure of the burner’s CNCG line 
 The pressure of the stink gas line above the minimum and below the 

maximum 
Condensate tank level 
 Condensate tank level below the upper limit 

The surface of the water lock tank 
 The surface of the water lock tank above the lower limit and below the 

upper limit 
Drop separator surface 
 The drop separator level below the upper limit 

Explosion plates in the stink gas line 
 Explosion plates unbroken 

 
Objects 

Burning permit for CNCG 
 Burning permit for concentrated stink gases in effect 

 CNCG to burn valves and ventilation valve not locked 

2.9.11 Start permit for liquor recycling 
 

Purpose 
In connection with liquor firing, it is important that the liquor to be burnt 
does not enter the boiler in concentrations that are too low and that the state 
of the boiler is such that the liquor fed to the boiler burns and thus does not 
cause any melt water explosion hazard. 

Sources 
Liquor feeding valves 
 All feeding valves for liquor nozzles closed 

Liquor nozzles / Safety gates 
 All liquor nozzles away from the boiler 
 All safety gates closed 

Main ESD 
 Main ESD button not pressed 

Emergency-stop for liquor burning 
 The emergency-stop button for liquor burning not pressed 
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Objects 
Start permit for liquor recycling 
 Start permit for liquor recycling in effect 

 liquor pumps not locked 
 Liquor On/Off valves not locked 

2.9.12 Liquor burning permit 
 

Purpose 
The liquor burning permit ensures that the boiler is in a state where liquor 
can be safely fed in and that the liquor burns properly.  The aim is to 
prevent the entrance of wash water to the furnace at any stage. 

Sources 
Boiler protection 
 Boiler protection in good condition 

Emergency-stop for liquor burning 
 The emergency-stop button for liquor firing not pressed 

Liquor solids % 
 Liquor solids % and/or its density above the lower limit 

 with 2/3 selection 
Steam drum pressure (when required) 
 Steam drum pressure above the lower limit of the liquor firing limit 

 2/3 selection 
Auxiliary fuel burners in operation 
 Adequate number of auxiliary fuel burners in operation 

OR 
Liquor fire signal still valid 
 Liquor flow above the lower limit 
 The amount of steam above the lower limit 

Wash up for the liquor lines 
 Wash up for the liquor lines not selected 
 Wash pipe piece not in place 
 Hand valve closed 

 
Objects 

Liquor firing permit 
 Liquor firing permit in effect 
 Liquor pumps not locked 
 Liquor On/Off valves/control valves not locked 

2.9.13 Emergency-stop for liquor burning 
 

Purpose 
The purpose of the emergency-stop buttons for liquor burning is to stop 
liquor burning in case of a possible disturbance, e.g., a broken pipe or fire. 
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Sources 
Main ESD button 
 Main ESD button pressed 

Emergency-stop buttons 
 Emergency-stop button pressed in the control room 
 A wall-specific emergency-stop button in the field at the liquor feeding 

levels pressed 
 

Objects 
Liquor feeding valves for the boiler 
 Liquor feeding valves close 

Liquor feeding and recycling pumps 
 Liquor feeding and recycling pumps stop 

Liquor recycling valves 
 Liquor recycling valves close 

 
Implementation 

Emergency-stop buttons must be equipped with opening contacts (circuit-
opening connection principle). 

Pressing an Emergency-stop button in the control room closes all liquor 
feeding and recycling valves either directly through the effect of the outputs 
of the safety logic or through the outputs of the basic process control 
system which are wired through relays controlled by the safety logic. A 
wall-specific Emergency-stop button only closes the liquor feeding valve of 
the wall in question. 

2.9.14 Start permit for liquor ring wash up 
 

Purpose 
Wash up means, in the first place, washing the liquor feeding lines into a 
collection tank and, in the second, washing up the nozzle lines and nozzles. 
The aim is to prevent the entrance of wash water to the furnace at any stage. 

Sources 
Liquor feeding valves 
 All feeding valves for liquor nozzles closed 

Liquor nozzles / Safety gates 
 All liquor nozzles away from the boiler 
 All safety gates closed 

 
Objects 

Wash up start permit 
 Wash up start permit in effect 

 Liquor pumps not locked 
 Water valves not locked 
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2.9.15 Start permit for boiler floor wash up 
 

Purpose 
The  purpose  of  the  start  permit  for  boiler  floor  wash  up  is  to  prevent  the  
entry of wash water to a boiler that is too hot. 

Sources 
Boiler-specific definitions 

Objects 
Start permit for floor wash up 
 Wash up start permit in effect 

 Water supply pump not locked 
 Water valves not locked 

2.9.16 Stopping of air fans 
 

Purpose: 
Stopping the air fans when the flue gas outlets are closing prevents the 
entry of flue gases to the boiler room and high excess pressure in the boiler. 

Sources: 
 The flue gas outlet closed (at least one flue outlet must be open) 
 The flue open signal is compiled from the fan’s operation data and the 

input and output channel data related to open dampers. 
 the fan is not running 

Using the 2/3 selection regarding the fan’s rotating speed data, 
electric drives on data, and the vacuum pressure measurement after 
the electrostatic precipitator 
 the rotating speed of the fan below the lower limit 
 the fan is not running 
 the vacuum pressure of the channel above the lower limit 

 the income channel damper away from the open limit 
3 limit switches 
 2/3 selection 

 the output channel damper away from the open limit 
3 limit switches 
 2/3 selection 

 
Objects 

The boiler’s lower airs 
 The boiler’s lower air stops 

 fans stop 
 dampers close 

The boiler’s upper airs 
 The boiler’s upper airs stop  

 fans stop 
 dampers close 
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2.9.17 Quick stop 
 
Purpose: 

The purpose of the quick stop is to immediately stop the burning of liquor 
and the stack by switching off the fuel feed and air supply to the lower part 
of the furnace. The quick stop is initiated from the control room using the 
main ESD button. 

Source: 
Main ESD button in the control room 
 The main ESD button has been pressed 

 
Objects 

Alarms 
 Voice alarms and alarms lights are activated 

The feed of liquor 
 The liquor pumps stop 
 The fire On/Off valves of the liquor feed close 
 The feed valves of the liquor close 

The auxiliary fuel burners 
 The quick-closing valves of the auxiliary fuel burners close 

The auxiliary fuel feed 
 The fire shut-off valves of the auxiliary fuel feed close 

The feed of ignition gas to the burners 
 The quick-closing valves of the ignition gas feed to the burners close 

The diluted non condensable gases (DNCG) 
 The feed valves of DNCG close 
 The DNCG are lead to the chimney or to the spare burning place 

The concentrated non condensable gases (CNCG) 
 The feed valves of CNCG close 
 The gasses are lead to the chimney or to the spare burning place 

The gasses of the dissolver (when required) 
 The gas valves of the dissolver to the boiler close 
 The gas valves leading from the dissolver to the chimney / roof open 

The air feeds 
 The primary air feed to the furnace is prevented 

 the primary air fan stops 
 the primary air damper closes 

 The secondary air feed to the furnace is switched to the quick stop 
position 

 the damper of the secondary air feed is switched to the quick stop 
position 

 The tertiary air feed to the furnace is switched to the quick stop position 
 the closing plate of the tertiary air feed is switched to the quick stop 

position 
The electrostatic precipitators 
 The electrostatic precipitators are switched off 
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Sooting 
 Sooting is stopped and the soot fans driven from the furnace 
 The sooting steam valves close 

Ash and salt conveyors 
 Ash and salt transporters stop 

Wait / consideration time for rapid drain is started 
 The wait / consideration time (3 min) for rapid drain is started 

 
It will be jointly decided during the boiler risk assessment whether or not 
boiler bottling will also be automatically performed during a quick stop, in 
which case: 

Water and steam valves 
 Feed water pumps stop 
 Feed water valves close  
 The automatic start of the feed water turbine pump is prevented 
 Attemperation water valves close 
 Main steam valves close 
 Startup closing valve opens 
 Startup control valve opens 20% 

 
Implementation: 

The main ESD button must be equipped with opening contacts (circuit-
opening connection principle). 

The quick-closing valves of the auxiliary fuel lines are closed and if needed, 
the ventilation valves are opened using the safety instrumented system by 
switching  the  control  signals  of  the  logic  part  to  de-energized.  The  quick  
closing valves and the ventilation valves switch to the safety state through 
spring actuators. 

Burner control itself is not necessarily a part of the SIS, but the burn control 
logic is given permission to burn from the SIS.  

The switching of the fire valves, feed valves, air dampers, motor valves, 
pumps, air fans etc. to a safe state is implemented either through direct 
switches in the logic part or through separate relays that are controlled from 
the safety logic (SISl) 
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2.9.18 Rapid drain 
 
Purpose: 

The purpose  of  the  rapid  drain  is  to  prevent  water  from getting  in  contact  
with the melt. Once quick stop has been triggered, a rapid drain can be 
started at discretion using a switch in the control room. 

Source: 
The rapid drain button  
 The rapid drain button has been pressed 

 
Objects: 

 Feed water pumps stop 
 Feed water valves close  
 The automatic start of the feed water turbine pump is prevented 
 The steam cooling water line valves close 
 Main steam valves close 
 The startup close valve closes 
 The startup control valve closes 

 
After a set time (3 min) from the quick stop 
 The rapid drain valves open 

 
Implementation: 

The rapid drain button must be equipped with closing contacts (circuit-
closing connection principle). 

The safety logic controls separate closing relays that force the valves into 
the safe position. During safety control the moment limits and the 
temperature switch of the motor valves must be bypassed.  

Releasing the rapid drain button stops the drain, causing the rapid drain 
valves to close. 

All fast purge valves are tested line by line at regular intervals during use 
by closing the hand valve located after the rapid drain valves. Testing is 
done valve by valve on the monitor of the control room or locally. Testing 
can proceed once testing has been chosen on the monitor and the hand 
valve is closed.  

The testing of the rapid drain valves can also be done in the basic 
automation system. After testing the hand valves must be in the opened 
position. Testing will be logged. Any faults or inadequacies will be 
corrected immediately.  

There must be an alarm or for instance a red signal light on the emergency 
stop panel for a closed hand valve.  
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2.10 TESTING 
 
The SIS acceptance phase includes factory testing (FAT) and deployment 
testing  (SAT),  which  are  primarily  used  to  verify  that  all  safety  functions  
work  as  they  should.  Unlike  other  parts  of  the  normal  control  system,  the  
SIS  is  subject  to  periodic  testing  at  regular  intervals  in  addition  to  the  
aforemention testing. The length of the intervals depends on the acceptance 
requirements  of  the  various  parts  of  the  system.  Any  periodic  testing  that  
requires stoppage should, where possible, be aligned with other inspections 
(pressure equipment, chemicals, etc.) or other known times of stoppage. 

As much of the periodic testing as possible should be executed during 
normal use and/or the boiler's startup and shutdown phases. This should be 
taken into account when planning periodic testing. 

Field instruments normally require more frequent testing than is expected of 
the safety logics (Hima, Siemens, Honeywell, etc.). The selected devices 
and installations of field instruments should thus factor for both ease of 
testing and the possibility for runtime testing. 

A dual-channel SIS installation should always include the possibility of 
testing  the  channels  separately.  Each  separate  channel  must  be  able  to  
complete the necessary safety controls in their entirety. 

Any simulators used for testing must have up-to-date calibration logs that 
meet official national standards. 

For each of the aforementioned tests, it is important to establish a test plan 
and test instructions, and to enter executed tests into both a log and a 
detailed test report that is signed by all participants. 

2.10.1 Factory acceptance testing 
 
In factory acceptance testing (FAT) the emphasis is on program testing. 
Field equipment can be simulated by different means, for example, by 
wiring the sources to switch and light boards to speed up the testing. 

The important thing is that all the sources and source combinations (2/3 
measurement selections and other logical combinations) are examined and 
that the computational mA values for interlocking limits are carefully 
scrutinized. 

2.10.2 Commissioning testing and periodic testing 
 
When testing the commissioning of the whole (SAT) and in periodic 
testing, it is recommended that the source signal simulations for field 
equipment are performed in a manner that is as real as possible. This means 
that pressure signals and pressure difference signals are simulated by 
pumping, temperature signals by warming, press buttons and limit switches 
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by real devices, and that running data is obtained from real data (the 
prevention of accidental start in case of a rotating apparatus must be taken 
into account).The real objects are also observed and identified in the field, 
valves by their movements, stopped motors by the contactors, by relay 
movements etc. 

The tests of each testing phase are divided into two stages: safety logic tests 
and field circuit tests. 

2.10.3 Testing of safety logic 
 
In the preparatory stages of each testing, it should be ensured that the 
reason why the safety object goes into a safe state is due specifically to the 
operation  of  a  safety  interlock  and  not,  for  example,  of  a  normal  process  
interlock. 

For FAT testing, the system supplier draws up a safety logic related testing 
plan which covers all the system's fault and error situations that can be 
tested, taking into account also the redundancy in the different parts of the 
system. Moreover, the supplier draws up a checkup list about the system 
assembly, configuration and programming in accordance with the 
requirements of the manufacturer’s operation instructions. The functionality 
of different diagnostic alarms must be verified to make it possible to derive 
a full benefit from the system’s high diagnostics level. 

In safety logics that are equipped with doubled processors, the stopping of 
one of the pair must be tested. 

Fault testing of safety logic should include disconnections of cards, 
isolation of different connections and interruptions of voltage supply. These 
procedures are also applied in factory acceptance testing (FAT) so that the 
faults hidden by redundancies can also be revealed. When testing the whole 
(SAT) and in periodic tests during operation, however, the operating system 
inspection is not complete. Only some of the cards, connections and voltage 
interruptions are inspected according to the plan. 

2.10.4 Testing of field circuits 
 
In field testing for individual measurement transmitters, in addition to the 
testing of normal safety limits, also possible signal fault and transmitter 
failures must be taken into account. Depending on how a signal fault or 
transmitter failure is arranged in the transmitters, the safety logic must be 
constructed in such a way that the faults are discovered and the safety 
functions are implemented. 

When testing the field circuits, one should be careful to ensure to that the 
real interlocking value for a safety limit and the objects observed safe states 
are recorded. 
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In 2/3 of the optional measurements the testings should be arranged so that 
the measurements would be dealt with individually and in 1/3 the safety 
alarms and fault alarms would be identified and trippings in pairs would be 
identified.  

When drawing up tripping limits based on analog measurements, it should 
be remembered that a deviation caused by a possible hysteresis should be 
taken into account downward and that the tripping limit is not to be 
exceeded at any stage.This applies in cases where the tripping source is the 
process measurement’s upper limit. 

The starting point for the testings is always that, for example, in the case of 
boiler protection, it is simulated initially as being in a good condition. The 
tripping of the boiler protection will be caused by the signal pairs under 
testing either by using mA simulators (FAT testing) or by pumping in the 
field (commissioning and periodic tests). In the same way, the transmitters’ 
signal and transmitter faults must be inspected in pairs, taking into account 
all the possibilities. 
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3 PART 2 

3.1 GENERAL 
 

This part presents model documents connected with the SIS lifecycle. There 
may be plant-specific digressions from the model documents. For example, 
there are two different ways to present logic diagrams and, in addition or as 
an alternative to these, there are also verbal descriptions with which these 
diagrams can be supplemented. 

3.1.1 General risk graph 
 
Appendix 1 shows, with the help of a risk graph, the safety integrity level 
definition for a recovery boiler. The definition is based on the risk 
graph diagram which complies with the SFS-IEC 61508 standard. The 
calibration of the diagram was adjusted to make it suitable for the definition 
of the integrity levels for personal, environmental, property and shut down 
damage in connection with the recovery boiler. The appendix also has a 
model of the hazard and risk analysis form and shows how to fill it out. 

3.1.2 Verification of the integrity level for safety instrumented systems 
 
Appendix 2 presents the methods for verifying the integrity level (the 
required risk reduction) achieved by safety instrumented system. 

The appendix employs mathematics based on failure probabilities. The 
values of different safety protection factors are added up, and the 
conclusion is that the overall probability of failure on demand (PFD) of the 
protective equipment comes up to the required integrity level. 

The appendix also has formulae from Appendix B of the IEC 61508-6 
standard.  When applying the formulae, attention should be paid to the 
assumptions and limitations discussed in the standard. The formulae 
presented are not suitable for calculations of diverse channels. 

3.1.3 Interlock diagrams 
In interlock diagrams, a format similar to that in Appendix 3 can be used.  
Either the safety interlocks and basic control process lockings are presented 
in the same diagram, in which case the SIS interlocks are shown with two 
parallel lines, one continuous and the other one broken, or they are shown 
in their own diagram. 

Appendix 4 shows SIS basic circuit models designed with the 1/2 principle. 
These illustrate the functional structure of the entire SIS circuit from the 
sources to the logic solver and further on to the objects. The diagrams detail 
the sources, I/Os, auxiliary relays, dependencies to the basic process control 
system and the objects to control. 
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An example of a verbalized SIS circuit operation is shown in Appendix 5. 

3.1.4 Display images 
 
Appendix 6 consists of examples of display images related to the recovery 
boiler’s safety interlock operations. 

3.1.5 Circuit design and wiring diagrams 
 
Model diagrams of the loop and wiring diagrams are shown in Appendix 7. 

3.1.6 Testing documents 
 
Appendix 8 shows the SIS model documents for factory acceptance testing 
(FAT) and periodic testing.   Periodic testing documents can be adapted for 
the use as commissioning testing documents. 

3.1.7 Operation and maintenance guidelines 
 
Appendix 9 shows the principle model for an operation and maintenance 
plan. It gives details about the persons responsible for SIS, maintenance of 
the documentation, training, requirement definitions, and about exceptional 
situations. 

The appendix also contains a model guide for SIS modification procedures 
in case a need arises for them. Such a guide should give the instructions 
about who has the authority to order application, wiring, device, and testing 
modifications as well as about the reporting of the modifications. In cases 
where  the  modifications  change  requirements  definitions  or  are  otherwise  
considerable, the whole safety lifecycle must be looked over thoroughly, 
starting from the hazard and risk analysis. 
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SUMMARY 
The members of the Finnish Recovery Boiler Committee have inquired for 
a clear set of guidelines about the implementation of safety instrumentation 
for recovery boilers. This is due to a concern about safety and the variety of 
implementations between different manufacturing plants. 

The enforcement of the SFS-IEC 61508 reference standard as the Finnish 
national standard has forced the manufacturing plants in all their processes 
related to functional safety to refer to that standard and use its methods. 
This, in turn, has created confusion about implementations and handling of 
functional safety. 

The guideline aims to inform on hardware solutions, both about the 
selection as well as installation, and thus give the practitioner as clear a 
picture as possible about the implementation.  The document cannot take a 
position on whether the selected hardware solutions, as far as the 
measurements and controls are concerned, comply with the integrity level 
required in each particular case. This matter will be brought to the fore in 
the future development of the document, once failure probability values that 
are more reliable have been obtained from the equipment manufacturers in 
the  future.  This  will  allow  quantitative  (computational)  examination  of  
integrity levels for different equipment solutions. 

The  aim  of  this  document  is  to  present  a  clear  example  with  the  help  of  
guidelines and principle model documents, to clarify and standardize the 
practice in the future. The interlocks that the work group listed as 
candidates to be included in SIS are example interlocks from implemented 
boiler  projects.   The  definition  of  final  safety  interlocks  should  always  be  
based on a hazard and risk analysis, which should take into account, in a 
case-specific manner, the equipment and process solutions as well as 
environmental factors such as location, movement and unfamiliar 
equipment at the plant. 

The carrying thought behind the model documents is that the practitioner 
should have as good a starting point as possible to implement the required 
documents. The objective is that the example documents and instructions, 
by their clarity and consistency, would enable efficiency of operation and 
maintenance in the activities during operation and in periodic testings. 

The recovery boiler is subject to many different guidelines and instructions. 
The implementation and operation of safety instrumentation has required its 
own guideline to increase its clarity and unity to a decent level. Even at its 
first stage, the guideline has received an enthusiastic and encouraging 
welcome from different quarters, among them many competent authorities. 
The feedback obtained has been very useful in the subsequent scrutiny of 
the guideline. The work group would like to get feedback in the future also 
from the practitioners to update and further develop the guideline. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 1 
 

RISK GRAPH  
 

Definition of the safety integrity level for a recovery boiler with the help of a risk graph 
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1 GENERAL 

1.1 Hazard and risk analysis 

The purpose of the hazard and risk analysis is to chart and define the hazards related to 
the operation of a recovery boiler and to define the magnitude of the risks caused by 
them. The general objective is that the analysis deals separately with personal, 
environmental, material and shut down hazards. 

The authors of the analysis, however, make their decision case by case about whether to 
deal with the material and shut down hazards in addition to personal and environmental 
hazards, which according to the general standards and regulations must be dealt with. See 
EN61508 and EN61511. 

A common way to proceed in the Hazard and risk analysis is to start by charting the 
hazards. An example of this is the Potential Problem Analysis (POA). The charting of 
hazards continues with the help of hazard recognition methods, the best-known of which 
is the HAZOP method. HAZOP is based on the examination of the reasons and 
consequences of the deviations in processes. After the hazards have been recognized, 
they are categorized, and non-tolerable hazards are then brought to a tolerable level. 

Dangers, reasons for those dangers, their consequences, as well as the current preparation 
and the extent of the risk are presented in an analysis form of which there is a model as 
an appendix.  The management of the hazards must be recorded in the form and in 
relation to the subprocesses of the boiler. This ensures readability and also that any 
possible later examination, modifications and additions can be done easily. 

The magnitude of the risk (the required risk reduction) related to the risks that can be 
protected against with safety instrumentation, are defined with the help of the risk graph, 
which is presented in the following pages. The parameters of the risk graph used in the 
definition are shown separately for different hazards (personal, environment, material 
and shut down hazards. 

1.2 The factors of the hazard and risk analysis 

The persons who participate in the authoring of the hazard and risk analysis, must know, 
among other things, the operation of the boiler (operations supervisor), measurements, 
different subprocesses, chemicals to be employed, and the boiler’s electrics, 
instrumentation, control and mechanics. 

The leader of the analysis must be cognizant with the analysis method and also 
adequately know the process to be dealt with. 

1.3 Documentation 

One must ensure that all the documents that are necessary for dealing with the matter are 
up-to-date and available, in order that the identification of hazards became as successful 
as possible (the plant’s layout drawings, PI charts, process descriptions, etc.). 
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1.4 Hazard management 

When dealing with hazard items in the hazard analysis, at least the following matters 
listed below must be considered. The list can be used as a checklist, though only possible 
real hazards need to be recorded. 

Process hazards / Process deviations: 
 water access to the furnace 
 high / low temperature 
 high / low pressure 
 high / low level 
 flow deviations (no flow, large flow, backflow) 
 fire 
 explosion 
 leak 
 failure (for example, DCS, critical measurement, valve) 
 mechanical damage 
 interruption in the auxiliary energy supply 
 human errors 
 startup / shutdown 
 shut down / maintenance 
 others 
 
Hazard factors related to the working environment of the equipment and machines 
 moving machine parts 
 crushing 
 entanglement 
 trapping 
 hazards due to high pressure gas or liquid spray 
 electrical hazards 
 hazards due to temperature (e.g. hot surfaces, for example) 
 noise 
 radiation 
 touching or breathing of harmful substances 
 biological or microbiological hazards 
 disregard to ergonomic principles 
 unexpected startup 
 human errors 
 falling or thrown parts 
 slipping, stumbling or falling of person 
 hazards associated with lifting 
 others 

1.5 Classification of damage 

The authors of the analysis (the owner of the plant) can decide case by case whether to 
classify the material and shut down hazards as risks related to safety or whether they 
should be dealt with as so-called device protections, in which case the markings would 
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follow the normal practice and the protection circuits would also no come under the 
periodic testing programs the way safety instrumentation does. 

2 RISK GRAPH 

 

 
Figure 1. Risk graph 
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2.1 Integrity levels and the calibration of the parameters in risk graphs 

2.1.1 Risk graph parameters 

2.1.1.1 Consequence parameter, C 

Personal safety 

Consequence parameter C is divided in four levels: C1, C2, C3 and C4. In risk 
assessment, the result parameter is defined according to the table below: 

Consequence 
parameter 

Calibration For example 

C1 Minor injury done Small wound, bruise or mild burn. 
No sickness leave 

C2 Disablement or sickness, no permanent 
effect on working capacity 

Results in, for example, a medical 
examination and sickness leave 

C3 Death or serious injuries Disablement 

C4 Death of several people  

 
Environmental safety 
 

Consequence 
parameter 

Calibration For example 

C1 No damage, hazard or harm to residents 
nearby 
No negative publicity 

- Slight smell inconvenience 
- Mild and concentrated stink gas 
conduction to the chimney for a short 
duration only 
- Small amount of alkaline liquor to 
the channel 

C2 Slight environmental contamination 
that can be fixed. Slight contaminant 
emission to the environment 

- Smell inconvenience 
- Concentrated stink gas conduction to 
the chimney for a longer duration 
- Alkaline liquor to the channel 
- Emission which requires an emission 
notification to be made 

C3 Considerable contaminant emission 
extending outside the plant area and 
exceeding the permitted limit for the 
environment 

- A large scale alkaline liquor or other 
emission which causes the destruction 
of the bacterial strain in the biological 
purifying plant 

C4 Catastrophic emission outside the plant 
area 

Serious contamination of the ground, 
ground water or waterway 
- Serious destruction of plant or animal 
life nearby 

 
 
 
Material safety 
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When estimating the parameter for material damages, equipment damage and repair 
work, costs are taken into account. 

Consequence 
parameter 

Calibration For example 

C1 <50 000 Eur Replacement of the fan motor 

C2 0,05 - 1 M Eur - Tube leak, 
- Breakdown of a combustible air fan 

C3 1 - 5 M Eur Stink gas thud 

C4 >5 M Eur Smelt water explosion 

 
Shut down safety 

When assessing the result parameter of shut down damages, other plants shut down 
damages must be considered also. 

Consequence 
parameter 

Calibration For example 

C1 <8h Interruption in liquor firing 

C2 8h – 1 wk - Tube leak, 
- Breakdown of a combustible air fan 

C3 1 wk – 2 mth Stink gas thud 

C4 >2 mth Smelt water explosion 

2.1.1.2 Frequence and exposure time risk parameter F 

Personal safety 
 

Stay parameter Calibration For example 
F1 The hazard centered on a limited area, 

and movement around the area is 
irregular 

Electrostatic precipitator area, cylinder 
level 

F2 The hazard centers on the entire boiler 
room or levels where movement is 
commonplace 

Liquor feeding level, burner level and 
lowest level 

 
Environmental, material and shut down safety 

Environmental, material and shut down risks are not time dependent, for which reason 
the parameter that is always used is F2. 

2.1.1.3 Possibility to avoid hazard parameter P 

The hazard avoidance parameter, P, describes the possibility to avoid an event in a 
situation where there is no electric safety function or when it is not operational. 
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Timewise, the area of influence of parameter P is between the safety function and the 
hazardous event. 

To discover a non-functionality of the protection, there must be an alarm that is not 
dependent on safety instrumentation, and the non-functionality of the protection must be 
detectable from process variables and/or state information. 

Personal safety 
 

Possibility 
to avoid a hazard 

Calibration For example 

P1 - Possible in certain circumstances 
- The operator has a sufficient time to 
act 
- The persons in the area have the 
possibility to move to a safe area 
 

- The hazard can be spotted and 
avoided in time 
- Discovered with measurements and 
alarms 
- Shutting up of different combustibles, 
fast stop 

P2 Otherwise, select P2  

 
Environmental, material and shut down safety 

The procedures employed, in case of parameter P for hazard avoidance probability, are 
the same for environmental, material and shut down safety risks. 

Possibility 
to avoid a hazard 

Calibration For example 

P1 - Possible in certain circumstances 
- The operator has a sufficient time to 
act 
 

- The hazard can be spotted and 
avoided in time 
- Discovered with measurements and 
alarms 
- Emission of green liquor or other 
combustibles 
to the channel 
- Closure, fast stop 

P2 Otherwise, select P2  

2.1.1.4 Probability of the unwanted occurrence W 

Probability of the unwanted occurrence parameter, W, describes the appearance 
probability of a hazard when protection by safety instrumentation is not taken into 
account. When estimating the probability of an event, the effect of other means to reduce 
risks is also considered. 

Other risk reduction means include, for example: 
 - planning, design 
 - normal basic process control interlocks, controls, etc. 
 - safety valves 
 - rupture disks 
 - explosion relief panels 
 - gas and fire detectors 
 - training, instructions, etc. 
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Personal, environmental, material and shut down safety 

The procedures employed, in case of parameter P for hazard existence probability, are the 
same for personal, environmental, material and shut down safety risks. 

Probability of the 
unwanted 
occurrence 
parameter 

Calibration For example 

W1 Very small 
(occurrence interval more than 33 
years) 

Occurrence of damage not probable in 
this plant under the present practice 

W2 Small 
(occurrence interval 3 – 33 years) 

Damage has occurred in a comparable 
plant elsewhere and there is a reason 
to believe that it can happen in this 
plant within the next 3 – 33 years 

W3 Probable 
(occurrence interval 4mth – 3 years) 

It is probable that damage will occur 
in this plant during the next 3 years 

 

With the help of the occurrence intervals above, a generally tolerable individual risk level 
can be achieved. 

2.2 Hazard and risk analysis form 

The front page of the form is to be filled out with the details of the plant and the project, 
the system being analyzed, the drawings used (e.g., PI diagrams), the participants in the 
analysis, the date, place and possible observations, which later on must be attended to, 
for example, if the analysis proves inadequate for some reason. 

Real hazard situations should be entered in the Hazard section. This applies, for 
example, to excessive pressure in the boiler. All possible hazards due to hazard situations 
that can cause at least personal or environmental hazards are recorded. The work group 
decides whether to record also possible material and shut down hazards. 

All possible reasons that can cause the hazard to be dealt with or start a possible chain of 
events that leads to the hazard in question should be entered in the Hazard causes 
section. 

In the Consequences section, first the cause-specific general consequences are entered 
and, under that, the damage-specific consequences for personal, environmental, material 
and shut down damages. Their possible magnitude is also estimated here. 

The Current Protection (without SRS) section is used to record all possible 
preparation, whether mechanical or electrical, handled by instruction or by education, 
that can affect the possible occurrence of damage. 

The Risk (without SRS) section records the parameter path (e.g., C3-F2-P1-W2) 
obtained from the risk graph’s estimation of the magnitude of the risk reduction 
requirement and the risk reduction requirement itself (-, a, SIL1 – SIL4 or b). See Figure 
1 of the risk graph. 

The SRS/Actions/Comments section is used to enter the work group’s proposals about 
possible safety operations in SRS and other possibly needed additional clarifications. 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hazard and risk analysis form 
 

Annex 1 
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 HAZARD HAZARD CAUSES CONSEQUENCES 

-Personal damage 
-Environmental damage 
-Material damage 
-Shut down damage 

CURRENT 
PROTECTION 
(without SIS) 

RISK 
(without SIS) 

SIS/ACTIONS 
COMMENTS 

1. BOILER WATER SYSTEM 

1.1 Steam drum level too 
low 

- a big leak in the 
furnace 

- boiling dry 
- pipe damage 
- melt water explosion 

- level measurement (2/3) 
- local water glasses 2 pcs 
+ camera 
- instructions for 
operation and 
maintenance 

Person: 
C4-F2-P2-W1 
SIL3 
Environment: 
-C2-F2-P2-W1 
SIL1 
Material: 
-C4-F2-P2-W1 
SIL3 
Shut down: 
-C4-F2-P2-W1 
SIL3 

Periodic test inspections 
and strength 
measurements for boiler 
pipes.Tripping from a 
low level 2/3 react (LI-
7312, -13, -22) 

1.2 Steam drum level too 
low 

- a leak in the boiler - boiling dry 
- pipe damage 
-��� melt water 
explosion hazard 

- periodic test inspections 
and strength 
measurements for boiler 
pipes 
- level measurements 
(2/3) 
- ���local water glasses 
2 pcs + camera 
- difference measurement 
for the water feed and 
amount of steam causing 
an alarm�� 
- instructions for 
operation and 
maintenance 
- periodic test inspections 
and strength 
measurements for boiler 
pipes 
 
 

Person: 
C4-F2-P1-W1 
SIL2 
Environment: 
-C2-F2-P1-W1 
a 
Material: 
C1-F2-P2-W2 
- Shut down: 
-C2-F2-P1-W2 
SIL1 

SIL2 implemented 
 
Tripping from a low level 
2/3 react (LI-7312, -13, -
22) 
- closing of the auxiliary 
fuel burners 
- ventilation discarded 
- liquor firing stopped 
- feeding of DNCG 
stopped 
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 HAZARD HAZARD CAUSES CONSEQUENCES 

-Personal damage 
-Environmental damage 
-Material damage 
-Shut down damage 

CURRENT 
PROTECTION 
(without SIS) 

RISK 
(without SIS) 

SIS/ACTIONS 
COMMENTS 

1.3 Steam drum level  
too low 

- feed water flow 
prevented 

- boiling dry 
- pipe damage 
- melt water explosion 
hazard 

�����- level 
measurements (2/3) 
- �local water glasses 2 
pcs + camera 
- �instructions for 
operation and 
maintenance 
- feed water flow 
measurement 

Person: 
C4-F2-P1-W1 
SIL2 
Environment: 
- C2-F2-P1-W1 
a 
Material: 
C1-F2-P2-W1 
- Shut down: 
C2-F2-P1-W2 
SIL1 

SIL2 implemented 
 
Tripping from a low level 
2/3 react (LI-7312, -13, -
22) 
 
- closing of the auxiliary 
fuel burners 
- ventilation discarded 
- liquor firing stopped 
- feeding of DNCG 
stopped 

1.4 Steam drum level 
too low 

- a sudden increase in 
pressure 

- the surface of the cylinder 
falls momentarily 

- level measurements 
(2/3) 
- local water glasses 2 pcs 
+ camera 
- instructions for 
operation and 
maintenance 

Person: 
C1 
- Environment: 
-C1 
- Material: C1 
-Shut down: C 

No safety requirement 
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VERIFICATION OF INTEGRITY LEVELS FOR SAFETY INSTRUMENTATION 
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1 GENERAL  

When verifying the integrity level for a protection built within SIS, one must consider 
separately the adequacy of the device architecture as well as the mathematical probability 
of failure due to hardware failure. The examination of both the device architecture as 
well as that of the probability of failure must be conducted for each of the protection’s 
structural part (subsystems) separately. The interlocks that are built for the safety 
instrumentation consist mainly of the source part or normally transmitters, of safety 
logic, and of the object part or normally valves and motors (see Figure 1). 

2 HARDWARE STRUCTURES 

In safety instrumented systems, the functional protections are built of different device 
structures, so that a single field device, for example, at the source side is replaced by 
several field devices. This provides additional security for safety operations and in 
certain structures also more usability for the plant. The most common device structures 
are: 

1/1 structure (1oo1, 1 –out-of-1) 
 one component (e.g., measurement), SIS is activated by the component demand or 

failure 
1/2 structure (1oo2, 1 –out-of-2) 

 two components connected parallel, SIS is activated by a separate demand or 
failure from each component 

2/2 structure (2oo2, 2 –out-of-2) 
 two components connected parallel, SIS is activated by a simultaneously occurring 

demand or failure from both of the components  Thus, a failure of only one of the 
components does not activate SIS. 

2/3 structure (2oo3, 2 –out-of-3) 
 three components are connected parallel, SIS is activated by a simultaneously 

occurring demand or failure of two of the components. Thus, a failure of only one 
of the components does not activate SIS. 

3 FAILURES 

3.1 Dangerous and safe failures 

Components’ failure modes can be divided into safe and dangerous failures. The 
classification of the failure modes is based on the examination of the system state after 
the failure. 

Dangerous failure refers to a situation, where a safety related system is prevented from 
responding to a potentially dangerous situation. Dangerous failures may be caused by, for 
example, an incorrect system definition, systematic or random equipment failures, a 
programming or human error or changes that have taken place in the system’s operating 
environment. 
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A failure in a safety related system can lead to an accident if SIS does not correctly 
function in that exigency. The mathematical failure probability examination due to 
hardware failures is based on dangerous failures in practice.  

In the case of a safe failure, the system incorrectly interprets the process to be in a 
dangerous state and thus often performs a shutdown for the failed system. 

3.2 Undetected and detected failures 

To anticipate failures, it is of the utmost importance that the system or the operator 
notices a possible failure situation. Based on this, failures can be further classified into 
undetected and detected failures. 

A detected failure is a failure which can be discovered with the internal system 
diagnostics or in connection with normal operations, for example, from the control room. 
An undetected failure refers to a situation in which the system experiences a failure but 
the failure remains unnoticed. Undetected failures are normally found in periodic testing. 

4 EXAMINATION OF HARDWARE ARCHITECTURE 

In the examination of hardware architecture, hardware fault tolerance and safe failure 
fraction are brought under inspection. The examination of hardware architecture brings 
added demands to the complexity of the hardware in some cases where a higher SIL 
could theoretically be achieved if the mathematical examination approach only were used 
in the examination. 

Table 1 shows the permissible hardware safety integrity according to the fault tolerance 
of the hardware and safe failure fraction of a device for so-called simple devices. Simple 
devices are assumed to be devices whose 
 all failure modes are known 
 behavior in a fault situation can be completely defined 
 failure rate track record for detected and undetected dangerous failures is sufficiently 

well known to be regarded as reliable failure information based on practice. 
 

Table 1. Permissible hardware safety integrity for so-called simple devices 

Safe failure fraction 
 

Hardware fault tolerance N 
 
0 1 2 

< 60 % SIL1 SIL2 SIL3 
60 % - 90 % SIL2 SIL3 SIL4 
90 % - 99 % SIL3 SIL4 SIL4 
> 99 % SIL3 SIL4 SIL4 
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Table 2 shows the permissible hardware safety integrity according to the fault tolerance 
of the hardware and safe failure fraction of a device for other than so-called simple 
devices. 

Table 2. Permissible hardware safety integrity for other than so-called simple devices 

Safe failure fraction 
 

Hardware fault tolerance N 
 
0 1 2 

< 60 % not permissible SIL1 SIL2 
60 % - 90 % SIL1 SIL2 SIL3 
90 % - 99 % SIL2 SIL3 SIL4 
> 99 % SIL3 SIL4 SIL4 

 

In the tables, fault tolerance N means that N+1 faults can result in losing the safety 
function. In different hardware architecture examinations it is important to consider, e.g., 
the safe failure fraction for process measurement transmitters. Once that is, for example, 
between 60-90 %, SIL1 can be achieved with a single transmitter. Employing two 
transmitters of the same transmitter type, SIL2 can be achieved. Here we need to assume 
that the quality requirements for the hardware, software and the project to be 
implemented are of SIL2 level. 

If the components have not been given their safe failure fraction (SFF), these can be 
calculated with the equation: 

SFF = (λS  + λDD  ) / (λS  + λD ) 
where 
λS  = combined safe failures probability 
λDD  = the probability of dangerous failures detected by diagnostics 
λS = combined dangerous failures probability 

5 FAILURE PROBABILITY EXAMINATION 

In the integrity level verification, each part of the protection is examined separately or, in 
normal situations, the source (e.g., a transmitter), the logic, and the target (e.g., valve). 
See Figure 1. In failure probability examination the average probability of failure on 
demand (PFDAVG) is calculated, once the exigent condition appears, for the protection 
built in SIS as a whole by adding up the failure probabilities for the different part factors 
(source, logic, target) as follows: 
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Figure 1. Example basic structure for safety instrumented system 

 
PFDAVG = PFDSENSOR + PFDLOG + PFDACTUATOR 
where: 

 PFDAVG is the average failure probability for the SIS safety function when an 
exigent situation occurs 

 PFDSENSOR is the failure probability of a sensor (e,g., transmitter) or an input 
connection unit when an exigent situation occurs 

 PFDLOG is the failure probability of the logic solver when an exigent situation 
occurs 

 PFDACTUATOR is the failure probability of an output connection unit or actuator 
(e.g., valve) when an exigent situation occurs. 

5.1 Integrity levels and the probability of dangerous failure 

Table 3 shows the correspondence between the integrity levels (SIL) and the average 
probability of dangerous failure on demand (PFD) as well as the achieved risk reduction. 
The data on the table is based on PFD values for a small number of demands, which 
means that the safety function demand is less than once a year or at most twice during the 
interval between periodic testing. 

For example, in SIL2 the average probability for the total number of failures should be 
between 10-2 - 10-3. The risk reduction will then be of 100 – 1000 magnitude. 

Table 3. Correspondence between the SIL and the PFD 

Integrity level (SIL) Average probability failure 
on demand (PFD) 

Risk reduction 

4 ≥10-5     <10-4 >10000 ≤ 100000 
3 ≥10-4     <10-3 >1000 ≤ 10000 
2 ≥10-3     <10-2 >100 ≤ 1000 
1 ≥10-2     <10-1 >10 ≤ 100 
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5.2 PFD formulae for hardware structures 

The formulae are from Appendix B of the IEC 61508-6 standard. 

Note: When applying the formulae, attention must be paid to the assumptions and 
limitations expressed in the standard. The formulae presented are not suitable for 
calculations of diverse channels. 

Table 4 explains the parameters for the formulae employed: 

Table 4. Abbreviations for the PFD formula 

MTTR (h) Mean time to repair (hours) 
TI (h) Periodic testing interval (hours) 
PFDG The average probability of failure on demand for a device 
PFDSYS The average probability of failure on demand for safety functions 
λD (1/h) The probability of dangerous failure (per hour) 
λDD The probability of detected dangerous failures (per hour) 
λDU The probability of undetected dangerous failures (per hour) 
βD The fraction of the detected dangerous failures that have a common 

origin 
β The fraction of the undetected dangerous failures that have a common 

origin 
tCE Device’s mean equivalent down time (h) 
tGE System’s mean equivalent down time (h) 

Structure 1oo1 
 
λD = λDU  + λDD 
 
PFDSENSOR =( λDU + λDD) tCE 
 
where 
tCE = (λDU / λD) ((T1 / 2) + MTTR) + (λDD / λD) MTTR, thus 
 
PFDSENSOR = λDU  (T1 / 2 + MTTR) + λDD MTTR 

Structure 1oo2 
 
λD = λDU + λDD 
 
PFDSENSOR =2( (1- βD )λDD + (1- β )λDU)2  tCE tGE + βD λDDMTTR + βλDU(T1 / 2 + MTTR) 
 
where 
tCE = as in structure 1oo1 
 
tGE = (λDU / λD) ((T1  / 3) + MTTR) + (λDD / λD) MTTR 
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Structure 2oo2 
 
λD = λDU  + λDD 
 
PFDSENSOR =2( λDU  + λDD  ) tCE 
 
where 
tCE = as in structure 1oo1 

Structure 2oo3 
 
λD = λDU  + λDD 
 
PFDSENSOR =6( (1- βD )λDD + (1- β )λDU)2 tCE tGE + βD λDDMTTR + βλDU(T1 / 2 + MTTR) 
 
where 
tCE = as in structure 1oo1 
 
tGE = as in structure 1oo2 
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5.3 PFD calculation examples for different device structures 

Table 5 shows some obtained PFD values for different device structures using the 
formulae presented above. The calculation example uses a pressure transmitter whose: 

 λD = 3,3E-07 1/h 
 λDD  = 1,2E-07 1/h, of which 
 λDU  = 2,1E-07 1/h 
 β = 2% 
 βD = 1% 
 
In the calculation, the value of MTTR is 8 h and the periodic testing interval (TI) 3 years. 
 

Table 5. PFD calculation example 

 
 



 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 3 

INTERLOCK DIAGRAMS  

Examples of implemented interlock diagrams 
 



 

 

 



 

 

 



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 4 

BASIC DIAGRAMS 

Examples of a logic solver (1/2 principle) 

 

 
 



 

 

 



 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 5 

PRINCIPLE FUNCTIONAL DESCRIPTION 

Example of a loop wise functional description 
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93HS0001 FIRE VALVE FOR NATURAL GAS: 

Use: 

It functions as a fire valve for natural gas 

Operation: 
 
The valve is opened and closed by the operator. 
The circuit is connected to safety interlocks. Pressing the Main ESD button or the 
emergency-stop button closes the valve through SRS. 

Alarms: Interlocks:  

Safety interlocks: 

Interlocks close the valve 93HV0001 when: 

Main ESD button 93XZ0001 is pressed in the control room. Emergency-stop button 
93XZ0002 is pressed in the control room. 

Emergency-stop button 93XZ0003 is pressed at the burner level. 

Emergency-stop button 93XZ0004 is pressed at the melt channel level. 

Emergency-stop button 93XZ0005 is pressed by the auxiliary burners on the roof. 

Data to other circuits: 
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EXAMPLES OF MONITORING DISPLAYS 
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 PRINCIPLE MODELS OF LOOP AND WIRING DIAGRAMS 
 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX 8 

PRINCIPLE MODELS OF TESTING DOCUMENTS 
 

Testing instruction, FAT testing, 8A 
Testing record, FAT testing, 8B 
Testing report, FAT testing, 8C 

Testing instruction, periodic testing, 8D 
Testing record, periodic testing, 8E 
Testing report, periodic testing, 8F 
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Recovery Boiler Ltd 

SRS PROJECT    EXAMPLE 

RECOVERY BOILER 

A TESTING OF THE FIELD CIRCUITS 

1 FAST STOP 

1.1 Preparations 
1.1.1 Ensure that the process is simulated in such a way that it can be tested. 
1.1.2 Using the simulating connectors, put the Main ESD button to an OK state in both A and 

B channels. 
1.1.3 Prevent programmable interlocks and mark the changes in the logbook. 
1.1.4 Control valves 93HV0001, 93HV0002, 93HV0003, 93HV0004, 93FV0005, 93FV0006, 

93HV007 and 93HV0008 to an open state and valves 93HV0009, and 93HV0010 to a 
closed state and start pumps 930001 and 930002 and pumps 930003 and 930004. 

1.2 Main ESD 93XZ0001.Z1 (Channel A) 
1.2.1 Simulate the Main ESD button 93XZ0001 by opening the switch in channel A and record 

the acknowledgement for channel A. 
1.2.2 Verify that the interlocks function with light and sound alarms (card output switches off), 

with the boiler protection (tripped, LED turns off), valves 93HV0001, 93HV0002, 
93HV0003, 93HV0004, 93FV0005, 93FV0006, 93HV0007 and 93HV0008 (close) and 
93HV0009 and 93HV0010 (open) and pumps 930001 and 930002 (stop) and pumps 
930003 and 930004 (stop).Also verify that the startup, load and odorous gas burners are 
turned off (auxiliary relays disengage). 

1.2.3 Acknowledge, on the testing record, that the objects interlocks function on channel A. 
1.2.4 Turn the simulation switch to an OK state on channel A. 

1.3 Main ESD 93XZ0001.Z2 (Channel B) 
1.3.1 Do the preparations as in 1.1. 
1.3.2 Simulate the Main ESD button 93XZ0001 by opening the switch in channel B and record 

the acknowledgement for channel B. 
1.3.3 Verify that the interlocks function with light and sound alarms (card output switches off), 

with the boiler protection (tripped, LED turns off), valves 93HV0001, 93HV0002, 
93HV0003, 93HV0004, 93FV0005, 93FV0006, 93HV0007 and 93HV0008 (close) and 
93HV0009 and 93HV0010 (open) and pumps 930001 and 930002 (stop) and pumps 
930003 and 930004 (stop). 

1.3.4 Also verify that the startup, load and stink gas burners are turned off (auxiliary relay 
disengages). 

1.3.5 Acknowledge, on the testing record, that the objects interlocks function on channel B. 
1.3.6 Turn the simulation switch to an OK state on channel B. 
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1.4 Finalization 
 
1.4.1 If you do not test other interlock circuits at the same time, reset the circuits’ 

programmable interlocks and acknowledge the repairs done on the logbook. 

2 BOILER PROTECTION (PRESENTED ONLY PARTIALLY) 

2.1 Preparations 
 
2.1.1 Ensure that the process is simulated in such a way that it can be tested. 
2.1.2 Prevent programmable interlocks and control valves 93HV0007, 93HV0008 to an open 

state and start pumps 930003 and 930004. 

2.2 Boiler pressure below 25mbar (Channel A) Transmitters 93PT0001 and 93PT0002 
 
2.2.1 On channel B, simulate the limit value data of pressure transmitters 93PT0001, 0002 and 

0003 to a good state and in such a way that channel B does not receive the limit exceeded 
information. 

2.2.2 Bring the boiler protection to an OK state as follows: 
 Flue open  

 simulate valves 93GZ0001.01 and 02 in an open position and fan 930005 to an 
operating state (one flue open) 

 Primary air fan 
 simulate the primary air fan into an operating state 

 Secondary air fan 
 simulate the secondary air fan into an operating state 

 Steam drum surface ok  
 use potentiometers to simulate, from the terminal blocks to two steam drum level 

measuring loops, those values that are between the wet and dry boiling limits. 
 Instrument – air measuring circuit ok  

 use potentiometers to simulate, from the terminal blocks to two instrument-air 
measuring loops, those values that are over the tripping limit. 

2.2.3 Increase “pressure” 93PT0001 with a simulator, at the same time observing, on the 
display, the slow increase of the pressure over the tripping limit (above 12 mA). 

2.2.4 Verify the alarm “Safety limit exceeded on the loop and no boiler protection tripped”. 
2.2.5 Decrease the “pressure” back below the tripping limit. 
2.2.6 Increase “pressure” 93PT0002 with a simulator, at the same time observing, on the 

display, the slow increase of the pressure over the tripping limit (above 12mA). 
2.2.7 Verify the alarm “Safety limit exceeded on the loop” and “No boiler protection tripped”. 
2.2.8 Increase also “pressure” 93PT0001 with a simulator, at the same time observing, on the 

display, the slow increase of the pressure over the tripping limit (above 12mA). 
2.2.9 Verify that interlocks function with the boiler protection (trips), and that the startup, load 

and odorous gas burners stop (auxiliary relays disengage), with valves 93HV0003 and 
93HV0004 (close) as well as with pumps 930003 and 930004 (stop).  

2.2.10 Acknowledge, on the testing record, that the objects interlocks function on channel A. 
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2.2.11 Decrease, with simulators, the “pressures” from both measurements below the tripping 
limits. 

2.3 Broken signal operations 
 
2.3.1 Break the measurement signal loop at transmitter 93PT0001 by disconnecting the 

simulator cable. 
2.3.2 Verify the alarm “Signal fault on the loop and no safety interlocks”. 
2.3.3 Reconnect the signal cable. 
2.3.4 Break the measurement signal loop at transmitter 93PT0002 by disconnecting the 

simulator cable. 
2.3.5 Verify the alarm “Signal fault on the loop and no safety interlocks”. 
2.3.6 Break the measurement signal loop also at transmitter 93PT0001. 
2.3.7 Verify that interlocks function with the boiler protection (trips), and that the startup, load 

and odorous gas burners stop (auxiliary relays disengage), with valves 93HV0003 and 
93HV0004 (close) as well as with pumps 930003 and 930004 (stop).  

2.3.8 Acknowledge, on the testing record, that the objects interlocks function on channel A. 
2.3.9 Reconnect the simulators to the loops. 

2.4 Boiler pressure below 25mbar (Channel B) Transmitters 93PT0001 and 93PT0002 
 
2.4.1 On channel A, simulate the limit value data of pressure transmitters 93PT0001, 0002 and 

0003 to a good state and in such a way that channel A does not receive the limit exceeded 
information.  

2.4.2 Bring the boiler protection to an OK state as follows: 
 Flue open 

 simulate valves 93GZ0001.01 and 02 in an open position and fan 930005 to an 
operating state (one flue open) 

 Primary air fan 
 simulate the primary air fan into an operating state 

 Secondary air fan 
 simulate the secondary air fan into an operating state 

 Steam drum surface ok 
 use potentiometers to simulate, from the terminal blocks to two steam drum level 

measuring loops, those values that are between the wet and dry boiling limits. 
 Instrument – air measuring loop ok 

 use potentiometers to simulate, from the terminal blocks to two instrument-air 
measuring loops, those values that are over the tripping limit. 

2.4.3 Increase “pressure” 93PT0001 with a simulator, at the same time observing, on the 
display, the slow increase of the pressure over the tripping limit (above 12 mA). 

2.4.4 Verify the alarm “Safety limit exceeded on the loop and no boiler protection tripped”. 
2.4.5 Decrease the “pressure” back below the tripping limit. 
2.4.6 Increase “pressure” 93PT0002 with a simulator, at the same time observing, on the 

display, the slow increase of the pressure over the tripping limit (above 12mA). 
2.4.7 Verify the alarm “Safety limit exceeded on the loop and no boiler protection tripped”. 
2.4.8 Increase also “pressure” 93PT0001 with a simulator, at the same time observing, on the 

display, the slow increase of the pressure over the tripping limit (above 12mA). 
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2.4.9 Verify that interlocks function with the boiler protection (trips), and that the startup, load 
and stink gas burners stop (auxiliary relays disengage), with valves 93HV0003 and 
93HV0004 (close) as well as with pumps 930003 and 930004 (stop).  

2.4.10 Acknowledge, on the testing record, that the objects interlocks function on channel B. 
2.4.11 Decrease, with simulators, the “pressures” from both measurements below the tripping 

limits. 

2.5 Broken signal operations 
 
2.5.1 Break the measurement signal loop at transmitter 93PT0001 by disconnecting the 

simulator cable. 
2.5.2 Verify the alarm “Signal fault on the loop and no safety interlocks”. 
2.5.3 Reconnect the signal cable. 
2.5.4 Break the measurement signal loop at transmitter 93PT0002 by disconnecting the 

simulator cable. 
2.5.5 Verify the alarm “Signal fault on the loop and no safety interlocks”. 
2.5.6 Break the measurement signal loop also at transmitter 93PT0001. 
2.5.7 Verify that interlocks function with the boiler protection (trips), and that the startup, load 

and stink gas burners stop (auxiliary relays disengage), with valves 93HV0003 and 
93HV0004 (close) as well as with pumps 930003 and 930004 (stop).  

2.5.8 Acknowledge, on the testing record, that the objects interlocks function on channel B. 
2.5.9 Reconnect the simulators to the loops. 

Repeat the same testing also for measurements 93PT0002 and 93PT0003 as well as 93PT0001 
and 93PT0003. 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
1. FAST STOP         
         
93XZ0001.Z1 Button, control room    Light alarm    
 Pressed Pressed A  -starts functioning Relay checked MTe  
     Sound alarm    
   A  -starts functioning Relay checked MTe  
     Boiler protection    
   A  -activates LED off MTe  
         
     FUEL VALVES    
    93HV0001 Fire valve for natural gas    
   A  -closes Relay disengaged MTe  
    93HV0002 Fire valve for oil    
   A  -closes Relay disengaged MTe  
    93HV0003 Methanol gate    
   A  -closes Relay disengaged MTe  
    93HV0004 NCG gate    
   A  -closes Relay disengaged MTe  
    93HV0005 Primary air slide    
   A  -closes Relay disengaged MTe  
    93HV0006 Primary air slide    
   A  -closes Relay disengaged MTe  
    93HV0007 Stop valve for firing liquor 1    
   A  -closes Relay disengaged MTe  
    93HV0008 Stop valve for firing liquor 1    
   A  -closes Relay disengaged MTe  
         
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
    93HV0009 Main steam valve    
   A  -closes Relay disengaged MTe  
    93HV0010 Main steam valve bypass    
   A  -closes Relay disengaged MTe  
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
    93HV0009 Ventilation of natural gas    
   A  -opens Relay disengaged MTe  
    93HV0010 NCG to stack    
   A  -opens Relay disengaged MTe  
         
     BURNERS    
     Startup burners    
   A  -stop Relay disengaged MTe  
     Load burners    
   A  -stop Relay disengaged MTe  
     NCG burners    
   A  -stop Relay disengaged MTe  
         
     FANS    
    930001 Primary fan    
   A  -stops Relay disengaged MTe  
    930002 DNCG fan    
   A  -stops Relay disengaged MTe  
         
     PUMPS    
    930003 firing liquor pump 1    
   A  -stops Relay disengaged MTe  
    930004 firing liquor pump 2    
   A  -stops Relay disengaged MTe  
         
         
         
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
93XZ0001.Z2 Button, control room    Light alarm    
 Pressed Pressed B  -starts functioning Relay checked MTe  
     Sound alarm    
   B  -starts functioning Relay checked MTe  
     Boiler protection    
   B  -activates LED off MTe  
         
     FUEL VALVES    
    93HV0001 Fire valve for natural gas    
   B  -closes Relay disengaged MTe  
    93HV0002 Fire valve for oil    
   B  -closes Relay disengaged MTe  
    93HV0003 Methanol gate    
   B  -closes Relay disengaged MTe  
    93HV0004 NCG gate    
   B  -closes Relay disengaged MTe  
    93HV0005 Primary air slide    
   B  -closes Relay disengaged MTe  
    93HV0006 Primary air slide    
   B  -closes Relay disengaged MTe  
    93HV0007 Stop valve for firing liquor 1    
   B  -closes Relay disengaged MTe  
    93HV0008 Stop valve for firing liquor 1    
   B  -closes Relay disengaged MTe  
    93HV0009 Main steam valve    
   B  -closes Relay disengaged MTe  
    93HV0010 Main steam valve bypass    
   B  -closes Relay disengaged MTe  
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
    93HV0009 Ventilation of natural gas    
   B  -opens Relay disengaged MTe  
    93HV0010 NCG to stack    
   B  -opens Relay disengaged MTe  
         
     BURNERS    
     Startup burners    
   B  -stop Relay disengaged MTe  
     Load burners    
   B  -stop Relay disengaged MTe  
     NCG burners    
   B  -stop Relay disengaged MTe  
         
     FANS    
    930001 Primary fan    
   B  -stops Relay disengaged MTe  
    930002 DNCG fan    
   B  -stops Relay disengaged MTe  
         
     PUMPS    
    930003 firing liquor pump 1    
   B  -stops Relay disengaged MTe  
    930004 firing liquor pump 2    
   B  -stops Relay disengaged MTe  
         
         
         
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
1. BOILER PRESSURE         
         
FURNACE PRESSURE         
         
93PI0001 Furnace pressure        
 -pressure above 25.0 mbar 12,0 mA A  1/3 alarm activated   25 mbar = 12.0 mA 
93PI0001 Furnace pressure    BOILER PROTECTION    
 -pressure above 25.0 mbar 12,1 mA A  -activates Activated MTe  
93PI003 Simulated to a OK-state OK       
     BURNERS    
     Startup burners    
   A  -stop Relay disengaged MTe  
     Load burners    
   A  -stop Relay disengaged MTe  
     NCG burners    
   A  -stop Relay disengaged MTe  
         
     LIQUOR FEEDING VALVE    
    93HV0007 Fast stop valve for feeding liquor    
   A  -closes Relay disengaged MTe  
    93HV0008 Fast stop valve for feeding liquor     
   A  -closes Relay disengaged MTe  
     PUMPS    
    930003 firing liquor pump 1    
   A  -stops Relay disengaged MTe  
    930004 firing liquor pump 2    
   A  -stops Relay disengaged MTe  
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
93PI0001 Furnace pressure        
 -signal broken Broken A  1/3 alarm activated    
93PI0001 Furnace pressure    BOILER PROTECTION    
 -signal broken Broken A  -activates Activated MTe  
93PI003 Simulated to a OK-state OK       
     BURNERS    
     Startup burners    
   A  -stop Relay disengaged MTe  
     Load burners    
   A  -stop Relay disengaged MTe  
     NCG burners    
   A  -stop Relay disengaged MTe  
         
     LIQUOR FEEDING VALVE    
    93HV0007 Fast stop valve for feeding liquor    
   A  -closes Relay disengaged MTe  
    93HV0008 Fast stop valve for feeding liquor     
   A  -closes Relay disengaged MTe  
     PUMPS    
    930003 firing liquor pump 1    
   A  -stops Relay disengaged MTe  
    930004 firing liquor pump 2    
   A  -stops Relay disengaged MTe  
         
         
         
         
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
93PI0001 Furnace pressure        
 -pressure above 25.0 mbar 12,03 mA B  1/3 alarm activated   25 mbar = 12.0 mA 
93PI0001 Furnace pressure    BOILER PROTECTION    
 -pressure above 25.0 mbar 12,05 mA B  -activates Activated MTe  
93PI003 Simulated to a OK-state OK       
     BURNERS    
     Startup burners    
   B  -stop Relay disengaged MTe  
     Load burners    
   B  -stop Relay disengaged MTe  
     NCG burners    
   B  -stop Relay disengaged MTe  
         
     LIQUOR FEEDING VALVE    
    93HV0007 Fast stop valve for feeding liquor    
   B  -closes Relay disengaged MTe  
    93HV0008 Fast stop valve for feeding liquor     
   B  -closes Relay disengaged MTe  
     PUMPS    
    930003 firing liquor pump 1    
   B  -stops Relay disengaged MTe  
    930004 firing liquor pump 2    
   B  -stops Relay disengaged MTe  
         
         
         
         
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
93PI0001 Furnace pressure        
 -signal broken Broken B  1/3 alarm activated    
93PI0001 Furnace pressure    BOILER PROTECTION    
 -signal broken Broken B  -activates Activated MTe  
93PI003 Simulated to a OK-state OK       
     BURNERS    
     Startup burners    
   B  -stop Relay disengaged MTe  
     Load burners    
   B  -stop Relay disengaged MTe  
     NCG burners    
   B  -stop Relay disengaged MTe  
         
     LIQUOR FEEDING VALVE    
    93HV0007 Fast stop valve for feeding liquor    
   B  -closes Relay disengaged MTe  
    93HV0008 Fast stop valve for feeding liquor     
   B  -closes Relay disengaged MTe  
     PUMPS    
    930003 firing liquor pump 1    
   B  -stops Relay disengaged MTe  
    930004 firing liquor pump 2    
   B  -stops Relay disengaged MTe  
         
         
         
         
Tester in charge: 
 
Signature Name clarification 
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Recovery Boiler Ltd 

SIS PROJECT    MODEL 

FACTORY ACCEPTANCE TEST REPORT ON SAFETY INTERLOCKS (SIS) OF A 
RECOVERY BOILER 

1  TARGET 
A safety instrumented system for a recovery boiler (SIS) 

2 TIME AND PLACE 
01-02.01.2005 Recovery Boiler Ltd 

3 PARTICIPANTS 
 
N. N.   Plant operator 
N. N.   Person responsible for the plant’s SIS 
N. N.   Automation installer  
N. N.   Main designer 
Inspection office/ Y. Y.  Inspector 

4 TESTING METHODS 
The testing was conducted in accordance with the testing plan and testing instructions. 

5 TESTING ACCEPTANCE 
On the basis of the testing, we state that the interlocks that form a part of the safety 
related system for the section function correctly and safely. Therefore, the testing can be 
accepted. 

The testing summary in Annex 1 presents some alarm deficiencies as well as some parts 
that were left untested. 
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Recovery Boiler Ltd   Recovery Boiler Ltd 
 
 

 
Plant operator   Person in charge of SIS 
 
 
 
 

Recovery Boiler Ltd   Recovery Boiler Ltd 
 
 
 
Inspector    Main designer 
 
 
 
 
 
 
 

APPENDICES 
 

1. Testing summary 
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Recovery Boiler Ltd 

SIS PROJECT    ANNEX 1 

MODEL SUMMARY OF THE FACTORY ACCEPTANCE TEST (FAT) FOR A RECOVERY 
BOILER’S SAFETY INTERLOCKS (SIS) 

1 TESTING ARRANGEMENTS 

1.1 Safety system 
The system as a whole was installed and connected. 

Hardware: 
 the system was energized and switched on. 

 
Software: 
  the programs had been loaded on the system, and, for individual loops, the normal 

process control procedures at the process stations had been tested beforehand. 
 

Documentation: 
 the following documentation was used in testing: SIS connection diagrams, SIS 

operation descriptions, SIS display images, loop diagrams and wiring diagrams as 
well as I/O and hardware layout drawings, testing instructions and testing records. 

 
Testing equipment: 
 Measurement channels had been wired to a separate potentiometer board, with which 

the simulation of individual measurements was easy to implement.   During 
measurement simulations, the measuring loops were connected to mA measuring 
instruments, which allowed the measurement of accurate mA signals. The 
measurements were performed by a Beamex MIC 10 calibrator. The calibration 
certificates for the measuring instruments are in Appendix 6. 

2 TESTING 
In the testing, the process interlocks at the process station for all targets (valves and 
motors) were removed, to ensure that SIS operations were the reason for the valves and 
motors to get to a safe state. 

The testing was performed in a straightforward manner, by following the testing 
instructions, which had been made beforehand and where the testing was divided into 
possible interlock failures and field equipment and process faults. 

The field equipment and process faults were tested in full. (the emergency-stop switch as 
well as each process measurement value of the boiler protection were simulated and 
tested for each channel). 
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In addition to the functioning of the interlocks, alarm signals and interlock indications on 
SIS  displays  were  examined.   Appended  there  is  also  a  copy  of  the  page  of  the  alarm  
printer and a display page both related to tripping situations. 

3 COMMENTS ON TESTING 

3.1 Testing of the safety system 
The testing was performed according to the plan. The programs and the system 
functioned well. Some observations related to the testing: 

 A signal fault did not trigger measurement 93PI0001 to send a loop-specific alarm. It 
was a programming fault, which was then repaired, and a retesting took place. 

 
 System alarms were generally missing. These alarms had not yet been created for the 

system. The alarms are tested during the commissioning testing. 

4 DOCUMENTATION 
The testing plan can be found in the testing folder’s interleaf Section 1. Functioning of 
the sources as well as that of interlocks is marked in the testing record (interleaf 4). The 
same interleaf divider holds the printouts of the alarm pages for the interlock functions. 
The final safety interlock connection diagrams for the recovery boiler, SIS display 
images, program diagrams related to interlocks as well as the hardware layout images are 
in the same folder. 
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Recovery Boiler Ltd 

SRS PROJECT    EXAMPLE 

RECOVERY BOILER 

A TESTING OF THE FIELD LOOPS 

1 Fast stop 

1.1 Preparations 
 

1.1.1 Ensure that the process is in such a state that it can be tested. 
1.1.2 Shut hand valves 1000 (natural gas), 1001 (oil), 1002 (methanol), 1010, 1011, 1012 and 

1013 (liquor for firing). 
1.1.3 Remove the main fuses from fans 930001 (Primary fan), 930002 (Fan for DNCG) as well 

as from pumps 930003 (Firing liquor pump1), and 930004 (Firing liquor pump 2). 
1.1.4 Change the connection to main ESD button 93XZ0001-Z2 (channel B) with terminal 

blocks 93CR11.12 AX1:1-3, so that 1 and 2 connect together. 
1.1.5 Prevent programmable interlocks and mark the changes in the logbook. 
1.1.6 Control valves 93HV0001, 93HV0002, 93HV0003, 93HV0004, 93FV0005, 93FV0006, 

93HV007 and 93HV0008 to an open state and valves 93HV0009, and 93HV0010 to a 
closed state and start fans 930001 and 930002 and pumps 930003 and 930004. 

1.2 Main ESD button 93XZ0001.Z1 (Channel A) 
 
1.2.1 In the control room, press main ESD button 93XZ0001 in and acknowledge for channel 

A in the records. 
1.2.2 Verify that interlocking takes place for light and sound alarms (activate), boiler burner 

(trips, LED goes off), valves 93HV0001, 93HV0002, 93HV0003, 93HV0004, 
93FV0005,   93FV0006,   93HV0007 and 93HV0008 (close) and 93HV0009 and 
93HV0010 (open) and fans 930001 and 930002 (stop) and pumps 930003 and 930004 
(stop). 

Also verify that the startup, load and odorous gas burners become turned off when cutting the 230V 
control voltage by relays in the burner control cabinet 93CR05.10. 

1.2.3 Acknowledge, on the testing record, that the objects interlocks function on channel A. 
1.2.4 Lift the main ESD button back to the upper position. 
1.2.5 Change the connection to main ESD button 93XZ0001.Z2 (channel B) back as it was. 
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1.3 Main ESD button 93XZ0001.Z2 (Channel B) 
 
1.3.1 Change the connection to main ESD button 93XZ0001.Z1 (channel A) with terminal 

blocks 93CR11.08 AX1:1-3, so that 3 and 4 are brought together. 
1.3.2 Do the other preparations as in 1.1. 
1.3.3 In the control room, press main ESD button 93XZ0001 in and acknowledge for channel 

B in the records. 
1.3.4 Verify that interlocking takes place for light and sound alarms (activate), boiler burner 

(trips, LED goes off), valves 93HV0001, 93HV0002, 93HV0003, 93HV0004, 
93FV0005, 93FV0006, 93HV0007 and 93HV0008 (close) and 93HV0009 and 
93HV0010 (open) and fans 930001 and 930002 (stop) and pumps 930003 and 930004 
(stop).Also verify that the startup, load and odorous gas burners become turned off when 
cutting the 230V control voltage by relays in the burner control cabinet 93CR05.10.
  

1.3.5 Acknowledge, on the testing record, that the objects interlocks function on channel B. 
1.3.6 Lift the main ESD button back to the upper position. 
1.3.7 Change the connection to main ESD button 93XZ0001.Z2 (channel A) back as it was 

1.4 Finalization 
 
1.4.1 If you do not test other interlock loops at the same time, reset the loops’ programmable 

interlocks and acknowledge the repairs done on the logbook. 

2 BOILER PROTECTION (PRESENTED ONLY PARTIALLY) 

2.1 Preparations 
 
2.1.1 Ensure that the process is in such a state that it can be tested. 
2.1.2 Shut hand valves 1010, 1011, 1012 and 1013 (liquor for firing). 
2.1.3 Remove the main fuses from fans 930001 (Primary air fan), 930008 (Secondary air fan), 

930005 (Flue gas fan 1), 930006 (Flue gas fan 2) and 930007 (Flue gas fan 3) as well as 
pumps 930003 (Firing liquor pump 1) and 930004 (Firing liquor pump 2). 

2.1.4 Prevent programmable interlocks and control valves 93HV0007, 93HV0008 to an open 
state and smoke dampers 93GZ0001.01, 93GZ0001.02, 93GZ0002.01, 93GZ0002.02, 
93GZ0003.01 and 93GZ0003.02 to a closed state and stop fans 930005, 930006 and 
930007 

2.2  Boiler pressure below 25mbar (Channel A)  
Transmitters 93PT0001 and 93PT0002 

 
2.2.1 On channel B, simulate the limit value data of pressure transmitters 93PT0001, 0002 and 

0003 to a good state in such a way that the B channel does not receive the limit exceeded 
information. 

2.2.2 Bring the boiler protection to an OK state as follows: 
 Flue open 
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 open dampers 93GZ0001.01 and 02 and start fan 930005 (one flue open) 
 Primary air fan 

 start the primary air fan 
 Secondary air fan 

 start the secondary air fan 
 Steam drum surface ok 

 simulate, from the terminal blocks to two steam drum surface measuring loops, 
values that are between the wet and dry boiling limits. 

 Instrument-air pressure  
 ensure that the pressure in the network is above 3,5 bar. If not, simulate, from the 

terminal blocks to two instrument-air measuring loops, values that are over 3,5 bar. 
2.2.3 Lift the pressure by pumping with transmitter 93PT0001. At the same time observe, on 

the display terminal, the slow increase in the pressure above the tripping limit (above 25 
mbar). 

2.2.4 Verify the alarm “Safety limit exceeded on the loop and no boiler protection tripped”. 
2.2.5 Decrease the pressure back below 25 mbars. 
2.2.6 Lift the pressure by pumping from transmitter 93PT0002. At the same time observe, on 

the display terminal, the slow increase in the pressure above the tripping limit (above 25 
mbar). 

2.2.7 Verify the alarm “Safety limit exceeded on the loop and no boiler protection tripped”. 
2.2.8 Increase also pressure from transmitter 93PT0001, at the same time observing, on the 

display terminal, the slow increase of the pressure over the tripping limit (above 
25mbar). 

2.2.9 Verify that interlocks function with the boiler protection (trips), with valves 93HV0003 
and 93HV0004 (close) as well as with pumps 930003 and 930004 (stop) and that the 
startup, load and stink gas burners stop (the relays in the burner control cabinet 
disengage). 

2.2.10 Acknowledge, on the testing record, that the objects interlocks function on channel A. 
2.2.11 Decrease the pressures from both measurements below the tripping limits. 

2.3 Broken signal operations 
 
2.3.1 Break the measurement signal loop at transmitter 93PT0001 by disconnecting the signal 

cable. 
2.3.2 Verify the alarm “Signal fault on the loop and no safety interlocks”. 
2.3.3 Reconnect the signal cable. 
2.3.4 Break the measurement signal loop at transmitter 93PT0002 by disconnecting the signal 

cable. 
2.3.5 Verify the alarm “Signal fault on the loop and no safety interlocks”. 
2.3.6 Break the measurement signal loop also at transmitter 93PT0001. 
2.3.7 Verify that interlocks function with the boiler protection (trips), with valves 93HV0003 

and 93HV0004 (close) as well as with pumps 930003 and 930004 (stop) and that the 
startup, load and stink gas burners stop (the relays in the burner control cabinet 
disengage). 

2.3.8 Acknowledge, on the testing record, that the objects interlocks function on channel A. 
2.3.9 Reconnect the signal cables with the transmitters. 
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2.4 Boiler pressure below 25mbar (Channel B)  
Transmitters 93PT0001 and 93PT0002 

2.4.1 On channel A, simulate the limit value data of pressure transmitters 93PT0001, 0002 and 
0003 to a good state in such a way that the A channel does not receive the limit exceeded 
information. 

2.4.2 Bring the boiler protection to an OK state as follows: 
 Flue open 

 open dampers 93GZ0001.01 and 02 and start fan 930005 (one flue open) 
 Primary air fan 

 start the primary air fan 
 Secondary air fan 

 start the secondary air fan 
 Steam drum surface ok 

 simulate, from terminal blocks to two steam drum surface measuring loops, values 
that are between the wet and dry boiling limits. 

 Instrument-air pressure 
 ensure that the pressure in the network is above 3,5 bars. If not, simulate, from the 

terminal blocks to two instrument-air measuring loops, values that are over 3,5 bar. 
2.4.3 Lift the pressure by pumping from transmitter 93PT0001. At the same time observe, on 

the display terminal, the slow increase in the pressure above the tripping limit (above 25 
mbar). 

2.4.4 Verify the alarm “Safety limit exceeded on the loop and no boiler protection tripped”. 
2.4.5 Decrease the pressure back below 25 mbars. 
2.4.6 Lift the pressure by pumping from transmitter 93PT0002. At the same time observe, on 

the display terminal, the slow increase in the pressure above the tripping limit (above 25 
mbar). 

2.4.7 Verify the alarm “Safety limit exceeded on the loop and no boiler protection tripped”. 
2.4.8 Increase also pressure from transmitter 93PT0001, at the same time observing, on the 

display terminal, the slow increase of the pressure over the tripping limit (above 
25mbar). 

2.4.9 Verify that interlocks function with the boiler protection (trips), with valves 93HV0003 
and 93HV0004 (close) as well as with pumps 930003 and 930004 (stop) and that the 
startup, load and stink gas burners stop (the relays in the burner control cabinet 
disengage). 

2.4.10 Acknowledge, on the testing record, that the objects interlocks function on channel B. 
2.4.11 Decrease the pressures from both measurements below the tripping limits. 

2.5 Broken signal operations 
 

2.5.1 Break the measurement signal loop at transmitter 93PT0001 by disconnecting the signal 
cable. 

2.5.2 Verify the alarm “Signal fault on the loop and no safety interlocks”. 
2.5.3 Reconnect the signal cable. 
2.5.4 Break the measurement signal loop at transmitter 93PT0002 by disconnecting the signal 

cable. 
2.5.5 Verify the alarm “Signal fault on the loop and no safety interlocks”. 
2.5.6 Break the measurement signal loop also at transmitter 93PT0001. 
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2.5.7 Verify that interlocks function with the boiler protection (trips), with valves 93HV0003 
and 93HV0004 (close) as well as with pumps 930003 and 930004 (stop) and that the 
startup, load and stink gas burners stop (the relays in the burner control cabinet 
disengage). 

2.5.8 Acknowledge, on the testing record, that the objects interlocks function on channel B. 
2.5.9 Reconnect the signal cables with the transmitters. 

Repeat the same testing also for measurements 93PT0002 and 93PT0003 as well as 93PT0001 
and 93PT0003. 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
1. FAST STOP         
         
93XZ0001.Z1 Button, control room    Light alarm    
 Pressed Pressed A  -starts functioning Functioned MTa  
     Sound alarm    
   A  -starts functioning Functioned MTa  
     Boiler protection    
   A  -activates Activated MTa  
         
     FUEL VALVES    
    93HV0001 Fire valve for natural gas    
   A  -closes Closed MTa  
    93HV0002 Fire valve for oil    
   A  -closes Closed MTa  
    93HV0003 Methanol gate    
   A  -closes Closed MTa  
    93HV0004 NCG gate    
   A  -closes  MTa Not tested 
    93HV0005 Primary air slide    
   A  -closes Closed MTa  
    93HV0006 Primary air slide    
   A  -closes Closed MTa  
    93HV0007 Stop valve for firing liquor 1    
   A  -closes Closed MTa  
    93HV0008 Stop valve for firing liquor 1    
   A  -closes Closed MTa  
Tester in charge: 
 
Signature Name clarification 



Recovery Boiler Ltd  APPENDIX 8 E  16A0913-E0044 
SRS project EXAMPLE  REV A 
15.1.2007 ANNUAL TESTING RECORD  Page 2/9 

 

 
         
SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
    93HV0009 Ventilation of natural gas    
   A  -opens Opened MTa  
    93HV0010 NCG to stack    
   A  -opens Opened MTa  
         
     BURNERS    
     Startup burners    
   A  -stop Stopped MTa  
     Load burners    
   A  -stop Stopped MTa  
     NCG burners    
   A  -stop Stopped MTa  
         
     FANS    
    930001 Primary fan    
   A  -stops Stopped MTa  
    930002 DNCG fan    
   A  -stops Stopped MTa  
         
     PUMPS    
    930003 firing liquor pump 1    
   A  -stops Stopped MTa  
    930004 firing liquor pump 2    
   A  -stops Stopped MTa  
         
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
93XZ0001.Z2 Button, control room    Light alarm    
 Pressed Pressed B  -starts functioning Functioned MTa  
     Sound alarm    
   B  -starts functioning Functioned MTa  
     Boiler protection    
   B  -activates Activated MTa  
         
     FUEL VALVES    
    93HV0001 Fire valve for natural gas    
   B  -closes Closed MTa  
    93HV0002 Fire valve for oil    
   B  -closes Closed MTa  
    93HV0003 Methanol gate    
   B  -closes Closed MTa  
    93HV0004 NCG gate    
   B  -closes  MTa Not tested 
    93HV0005 Primary air slide    
   B  -closes Closed MTa  
    93HV0006 Primary air slide    
   B  -closes Closed MTa  
    93HV0007 Stop valve for firing liquor 1    
   B  -closes Closed MTa  
    93HV0008 Stop valve for firing liquor 1    
   B  -closes Closed MTa  
    93HV0009 Ventilation of natural gas    
   B  -opens Opened MTa  
         
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
    93HV0010 NCG to stack    
   B  -opens Opened MTa  
         
     BURNERS    
     Startup burners    
   B  -stop Stopped MTa  
     Load burners    
   B  -stop Stopped MTa  
     NCG burners    
   B  -stop Stopped MTa  
         
     FANS    
    930001 Primary fan    
   B  -stops Stopped MTa  
    930002 DNCG fan    
   B  -stops Stopped MTa  
         
     PUMPS    
    930003 firing liquor pump 1    
   B  -stops Stopped MTa  
    930004 firing liquor pump 2    
   B  -stops Stopped MTa  
         
         
         
         
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
1. BOILER PRESSURE         
         
FURNACE PRESSURE         
93PI0001 Furnace pressure        
 -pressure above 25.0 mbar 25,1 mbar A  1/3 alarm activated    
93PI0001 Furnace pressure    BOILER PROTECTION    
 -pressure above 25.0 mbar 25,0 mbar A  -activated Activated MTa  
93PI003 Simulated to a OK-state OK       
     BURNERS    
     Startup burners    
   A  -stop Stopped MTa  
     Load burners    
   A  -stop Stopped MTa  
     NCG burners    
   A  -stop Stopped MTa  
         
     LIQUOR FEEDING VALVE    
    93HV0007 Fast stop valve for feeding liquor    
   A  -closes Closed MTa  
    93HV0008 Fast stop valve for feeding liquor     
   A  -closes Closed MTa  
     PUMPS    
    930003 firing liquor pump 1    
   A  -stops Stopped MTa  
    930004 firing liquor pump 2    
   A  -stops Stopped MTa  
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
93PI0001 Furnace pressure        
 -signal broken Broken A  1/3 alarm activated    
93PI0001 Furnace pressure    BOILER PROTECTION    
 -signal broken Broken A  -activates Activated MTa  
93PI003 Simulated to a OK-state OK       
     BURNERS    
     Startup burners    
   A  -stop Stopped MTa  
     Load burners    
   A  -stop Stopped MTa  
     NCG burners    
   A  -stop Stopped MTa  
         
     LIQUOR FEEDING VALVE    
    93HV0007 Fast stop valve for feeding liquor    
   A  -closes Closed MTa  
    93HV0008 Fast stop valve for feeding liquor     
   A  -closes Closed MTa  
     PUMPS    
    930003 firing liquor pump 1    
   A  -stops Stopped MTa  
    930004 firing liquor pump 2    
   A  -stops Stopped MTa  
         
         
         
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
93PI0001 Furnace pressure        
 -pressure above 25.0 mbar 25,05 mbar B  1/3 alarm activated    
93PI0001 Furnace pressure    BOILER PROTECTION    
 -pressure above 25.0 mbar 25,04 mbar B  -activates Activated MTa  
93PI003 Simulated to a OK-state OK       
     BURNERS    
     Startup burners    
   B  -stop Stopped MTa  
     Load burners    
   B  -stop Stopped MTa  
     NCG burners    
   B  -stop Stopped MTa  
         
     LIQUOR FEEDING VALVE    
    93HV0007 Fast stop valve for feeding liquor    
   B  -closes Closed MTa  
    93HV0008 Fast stop valve for feeding liquor     
   B  -closes Closed MTa  
     PUMPS    
    930003 firing liquor pump 1    
   B  -stops Stopped MTa  
    930004 firing liquor pump 2    
   B  -stops Stopped MTa  
         
         
         
Tester in charge: 
 
Signature Name clarification 
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SOURCE NAME VERIFIED CHANNEL TARGET NAME VERIFIED ACK COMMENTS 
         
93PI0001 Furnace pressure        
 -signal broken Broken B  1/3 alarm activated    
93PI0001 Furnace pressure    BOILER PROTECTION    
 -signal broken Broken B  -activates Activated MTa  
93PI003 Simulated to a OK-state OK       
     BURNERS    
     Startup burners    
   B  -stop Stopped MTa  
     Load burners    
   B  -stop Stopped MTa  
     NCG burners    
   B  -stop Stopped MTa  
         
     LIQUOR FEEDING VALVE    
    93HV0007 Fast stop valve for feeding liquor    
   B  -closes Closed MTa  
    93HV0008 Fast stop valve for feeding liquor     
   B  -closes Closed MTa  
     PUMPS    
    930003 firing liquor pump 1    
   B  -stops Stopped MTa  
    930004 firing liquor pump 2    
   B  -stops Stopped MTa  
         
Tester in charge: 
 
Signature Name clarification 
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Recovery Boiler Ltd  

SIS PROJECT    MODEL 

MODEL PERIODIC TESTING REPORT ON THE SAFETY INTERLOCKS (SIS) OF A 
RECOVERY BOILER 

1 TARGET 
A safety instrumented system for a recovery boiler (SIS) 

2 TIME AND PLACE 
01-02.01.2005  Recovery Boiler Ltd 

3 PARTICIPANTS 
 

N. N.   Plant operator 
N. N.   Person responsible for the plant’s SIS 
N. N.   Automation installer 
N. N.   Electric installer 
Inspection office/Y. Y.  Inspector (part time) 

4 TESTING METHODS 
The testing was conducted in accordance with the testing plan and testing instructions. 

5 TESTING ACCEPTANCE 
On the basis of the testing, we state that the interlocks that form a part of the safety 
instrumented system for the section function correctly and safely. Therefore, the testing 
can be accepted. 

The testing summary in Annex 1 presents some alarm deficiencies as well as some parts 
that were left untested. 
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Recovery Boiler Ltd   Recovery Boiler Ltd 

 
 

 
Plant operator   Person in charge of SIS 
 
 
 
 
Recovery Boiler Ltd   Recovery Boiler Ltd 

 
 
 
Automation installer   Electric installer 
 
 
 
 
Recovery Boiler Ltd 

 
 
 
Inspector 
 
 

APPENDICES 
 

1. Testing summary 
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Recovery Boiler Ltd 

SIS PROJECT    ANNEX 1 

PERIODIC TESTING REPORT ON THE SAFETY INTERLOCKS (SIS) OF THE 
RECOVERY BOILER  

SUMMARIZING MODEL 

1 TESTING ARRANGEMENTS 

1.1 Safety system 
The system as a whole was in operation. 

Before the testing was started, the central unit cards in the safety system’s logic part were 
replaced with new ones. In this way, also new cards can be tested during periodic testing. 

Documentation 
 the following documentation was used in testing: SIS connection diagrams, SIS 

operation descriptions, SIS display images, loop diagrams and wiring diagrams as 
well as I/O and hardware layout drawings, testing instructions and testing records. 

2 TESTING 
The test objects in the field testing regarded as belonging to so-called SIS were  

 -Fast stop 
 -Rapid drain 
 -Boiler protection (from several field variables) 
 -Emergency-stop (the control room of the recovery boiler, in field 3 pcs) 

All the trippings were arranged in such a manner that the tripping in question affects at a 
time only the SIS’s channel (A or B) to be tested. The testing instructions explain how to 
block each tripping signal away from the channel that is not to be tested. 

Analog measurements (sources in the boiler protection part) were simulated in 
accordance with real process conditions: a calibration pump was used to pump the 
necessary pressure to the pressure and surface transmitters for creating the SIS tripping 
limit  there.  The  required  activity  from  the  2/3  operations  was  generated  by  always  
pumping  two  transmitters  to  the  same  state.   In  this  way  the  whole  loop  from  the  
transmitter to the safety system could be tested.  The calibration certificates for the 
equipment used in the testing are in the testing folder at tab 9 interleaf. 

The valves were in the test in normal operation mode and their movements to a safe state 
were verified on a monitor and on the field. 
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The  safety  switches  of  the  motors  were  turned  to  0  position  and  the  main  fuses  were  
removed. That the motors were stopped by interlocks was verified by contractors. 

In the testing, the process interlocks at the process station for all targets (valves and 
motors) were removed, to ensure that SIS operations were the reason for the valves and 
motors to get to a safe state. 

The testing was performed in a straightforward manner, by following the testing 
instructions, which had been made beforehand and where the testing was divided into 
possible interlock failures and field equipment and process faults. 

The field equipment and process faults were tested in full. 

(the emergency-stop switch as well as each process measurement value of the boiler 
protection were simulated and tested for each channel). 

The fault testing for safety interlocks was not done in full, because that had already been 
performed to completion with the factory acceptance test (FAT). Only some sporadic 
tests were undertaken. The following fault cases were tested: 

 -I/O card no. 5 was removed from frame 0 
 -I/O card no. 7 was removed from frame 1 
 -the supply of electricity was cut for frame 0 
 -expansion bus no. 5 was removed from frame 1  
 -frame 1 was removed from the field connection 
 -process station 60 was stopped 

In addition to the functioning of the interlocks, alarm signals and interlock indications on 
SIS  displays  were  examined.   Appended  there  is  also  a  copy  of  the  page  of  the  alarm  
printer and a display page both related to tripping situations. 

3 COMMENTS ON TESTING 

3.1 Testing of the safety system 
The testing was performed according to the plan. The programs and the system 
functioned well. Some observations related to the testing: 

 For some reason, part of the markings of the field equipment and cabling had come 
loose. The markings were attached by the client during testing. 

 
 On pressing the 93XZ0015 Emergency-switch (B channel), valve 93HV0007 

started closing slowly, resulting in a wrong-limit alarm.It was noticed that the air 
pipes by the valve were bent in some places and slowed down the movement of 
pressure air in the piping system. The pipes were straightened and the valve’s 
closing time became normal.  The client will replace the air tubes during the next 
stoppage. 
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 PRINCIPLE GUIDE FOR OPERATION AND MAINTENANCE 
 

Plan for operation and maintenance, 9A 
Guide for modification procedures, 9B 

 
 



 SAFETY INSTRUMENTATION 16A0913-E0044 
 GUIDELINES FOR RECOVERY BOILERS REV A 
 APPENDIX 9A   1 
 
PLAN FOR OPERATION AND MAINTENANCE 
 

Copyright © Finnish Recovery Boiler Committee (reg. assoc.) 
Copying without a permission of the committee is forbidden 

SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

Recovery Boiler Ltd 

SIS PROJECT    MODEL 

PLAN FOR OPERATION AND MAINTENANCE 

HISTORY 
The first version was written on 15th January 2003. 

1 PLAN TARGET 
This recommendation applies to the operation and maintenance of a Safety Related 
System (SRS) for recovery boilers of Recovery Boilers Ltd. 

2 PERSONS IN CHARGE 
The person responsible for the safety of the recovery boiler is the operations supervisor. 

The responsibility for the maintenance of automation and SIS belongs to the plant’s 
automation maintenance where the person in charge for SIS is the automation master for 
the recovery boiler. 

3 DOCUMENTATION 
The entire documentation related to SIS has been collected in section-specific folders, 
which can be found with the day master, in the archive, in the automation configuration 
space for the liquor line or with the SIS person in charge. 

The operation and maintenance instructions are kept in the SIS documentation folder.  
The plant’s SIS person in charge has the master documentation (clause 2). That person is 
also responsible for updating the folder and for its distribution to the parties involved. 

4 TRAINING 

4.1 Training plan 
The head operator of the plant and its SIS person in charge draw up a plan of continuous 
training for the operation and maintenance personnel. The plan pays attention to: 

 the training of the technical personnel on fault diagnostics and repair as well as on 
testing of the system 

 the training of the operation personnel 
 the introduction of SIS to those unfamiliar with it 
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 a separate  retraining of the personnel when the need arises, for example, during the 
periodic testing or other changes 

4.2 Training register 
A register is being maintained on training and competency. All the training events are 
entered to the training register that is maintained by the personnel administration. These 
events include participation in training events organized by an equipment supplier or a 
client. 

5 REQUIREMENTS DEFINITIONS 

5.1 Routine activities 
The daily duties of the maintenance personnel in relation to the operation and 
maintenance of SIS are the following: 

 Tidiness of the areas 
 Prevention of entry from outsiders to the areas concerned (own key for the areas of 

electrical and automation equipment and processes) 
 Keeping the SIS cabinet doors closed 
 Updating of the SIS document folders 
 Monitoring of air quality in SIS areas (temperature, pressure difference, moisture) 
 Keeping the alarm lists under observation and responding to repeated alarms 
 Observing the state of installations during factory visits and initiating preventive 

actions against hazard conditions possibly caused by temporary placing of foreign 
objects at the plant. 

5.2 Operation instructions 
The operation and maintenance instructions for different processing situations are 
presented in process-specific operation instructions, which include the operations before 
startup, during startup, running, and shutdown and the actions during a stoppage. 

The operation instructions also show the SIS related loops that are in the section and their 
operation. 

The instructions also discuss possible faults/failures and how to remove them, thus trying 
to prevent a hazardous state or decrease the consequences of the hazard. 

5.3 Periodic testing and records 
Due to the nature of processes and the structure of SIS, in which all SIS's field and 
system devices form part of the process control equipment, all field and system devices 
are under constant operation and being supervised. For example, if one of the 
connections for duplicated limit information breaks, the limit signal disappears and 
causes thus the tripping of interlocks and the process shutdown.  In measurements based 
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on the 2/3 principle, one can be temporarily removed for calibration or maintenance, but 
the remaining transmitters then operate as if part of an 1/2 arrangement. 

The portion of undetected faults based on the above is small in normal process run 
situations.  It  is  regarded  as  reasonable  to  schedule  periodic  testing  in  18  -  24  -  26  
intervals depending on the hardware structure. 

The periodic testing plan, the testing instructions and records for periodic testing are in 
the SIS periodic testing folder. The records drawn up during testing must also be 
included in that folder. 

The periodic testing plan discusses the wherewithal (organization, documentation, testing 
equipment) for testing, how the tests are run, error correction, test acceptance, report 
formulation etc. 

The testing instructions present, for each loop, the preparations for testing, necessary 
changes in connections to enable loop-specific testing, tripping instructions for the 
sources and instructions for record keeping. 

5.4 Maintenance and modification 
All maintenance operations for field and system equipment (calibration checkup, 
transmitter change, card replacement etc.) are regarded as maintenance. These do not 
require SIS compliant acceptance if the devices and limits remain unmodified.   
Comparable new devices of different types require the SIS compliant acceptance. 

Modification operations, on the other hand, include all changes in loops within the 
domain of SIS (loop additions, changes in cabling, cross-connections and applications). 
These must always be dealt with in accordance with the acceptance plan and inspection 
records must be kept of them. 

It is the operation supervisor who has the power to give a permit for modifications. The 
supervisor also can decide which modifications are small, in which case they can be done 
independently, and which modifications require the use of the authorized assessment 
method. 

The person responsible for the implementation of the modifications regarding SIS and for 
the competency of the persons involved in those modifications is the person in charge for 
SIS mentioned in Item 2. That person can decide whether to do the modification with the 
plant’s  own  resources  or  whether  to  ask  help  from  the  personnel  of  the  equipment  
supplier or from other competent outside sources (In accordance with the Guide for 
modification procedures). 

Tuning modifications for transmitters equipped with a so-called safety plate (a normal 
marking with a red background) must be done with consideration, and the modification 
must be entered in the SIS documentation. 

Transmitters connected to SIS - if lockable either by their transmitter box or installation 
valve - must be kept locked. 
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The Guide for modification procedures can be found in the SIS documentation folder in 
its operation and maintenance instructions section. The instructions explain the 
procedures to be followed for modifications: 

 Maintenance of the requirement specifications 
 Contacts to authorities and/or assessors 
 Maintenance of SIS safety definitions 
 Maintenance of implementation plans 
 Implementation design and documentation 
 Verifications of the modification 
 Modification reports 

5.5 Operation and maintenance log book 
No separate SIS log book is kept. All SIS events – trippings, failures, faults, testing, 
modifications, etc. - are entered in a shift’s event log book. 

Shift managers and operators enter SIS related events due to faults, failures or trippings 
into the shift’s event log immediately after the fault, failure or tripping took place. 

The operations supervisor must keep track of the events in the log book.  If it is found 
that some fault or hazard situation repeats, measures must be taken to eliminate the 
problem.  These measures can include personnel training, a change in the requirements 
definitions, a modification in the SIS safety definitions or implementation, replacement 
or addition of field equipment, etc. 

If there is a need for a modification, the operations supervisor creates a change 
management form, of which a copy is delivered to the person in charge of SIS. 

In all these cases the modification procedures of Item 5.4 should be complied with. 

5.6 Maintenance instructions 
The SIS logic solver does not normally require other maintenance apart from the periodic 
testing. Possible maintenance instructions are defined in the equipment supplier’s 
instructions. 

The maintenance instructions for field equipment that are related to SIS are kept in the 
documentation folders. Calibration and condition inspections take place during periodic 
testing. 
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6 EXCEPTIONAL SITUATIONS 
In case of a failure in SIS (for example, a faulty card) processes cannot be run.  No 
separate contingency bypasses have been built for testing or maintenance in case of a SIS 
failure. An exception to this, however, are the 2/3 measurement principles for analog 
measurements, where one transmitter can be removed, for example, for maintenance. 
When there is a SIS failure, the SIS related parts of the process are interrupted. 

The maintenance personnel repair the faults that appear, in accordance with the operation 
and maintenance instructions. If necessary, a representative of the equipment 
manufacturer is invited there. 

Following a failure, testing or maintenance, the process startup is performed in 
accordance with the operation instructions as in the case of a normal startup. 
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Recovery Boiler Ltd  

SIS PROJECT    MODEL 
GUIDE FOR SIS MODIFICATION PROCEDURES 

HISTORY 
The first version was written on 15th January 2003. 

1 OBJECT OF THE INSTRUCTIONS 
This recommendation applies to Safety Related Systems (SRS) for recovery boilers by 
Recovery Boilers Ltd. 

2 GENERAL 
All maintenance operations for field and system equipment (calibration checkup, 
transmitter change, card replacement etc.) are regarded as maintenance. These do not 
require SIS compliant testing if the devices and limits remain unchanged. Comparable 
new devices of different types require the SIS compliant testing. 

Modification operations, on the other hand, include all changes in loops within the 
domain of SIS (loop additions, changes in cabling, cross-connections, internal wiring and 
programs). These must always be dealt with in accordance with the testing plan and 
entered into testing records. 

3 MAINTENANCE OF REQUIREMENT SPECIFICATIONS 
The person responsible for the SIS requirement specifications, for their changes and for 
the maintenance, while the boiler mentioned above is in operation, is the person in charge 
for SIS. That person can give a permit for modifications and decide which modifications 
are small, in which case they can be done independently, and which modifications 
require the use of the authorized assessment method. For example, changes in tripping 
limits and in the user interface can be interpreted as small modifications. Modifications 
that are more significant include, for example, removals and additions of safety inputs. 

4 MAINTENANCE OF IMPLEMENTATION PLANS 
Before a modification is realized, it is designed and planned in the modification plans 
that are in the SIS modification folder.  The person responsible for all the operation time 
maintenance of the SIS’s implementation plans is the person in charge of SIS. 

The modification should not noticeably change the overall reliability of SIS. Moreover, 
the modifications must be planned in accordance with the SIL principles such as: 
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 2 channel structure, 1/2 or 2/3 tripping 
 closed-circuit current principle 
 single fault in SIS must not prevent the protection from operating when required 
 protection must function regardless process stations 

When planning a modification, attention must be paid on that the alarms and protection 
controls should enable the tracking and clarification of tripping signals and facilitate also 
fault detection. 

5 IMPLEMENTATION CHANGES AND DOCUMENTATION 
Only a person who is sufficiently knowledgeable in the relevant systems area is allowed 
to make changes in SIS software and wiring. The person in charge for SIS assumes the 
responsibility for the competence of the persons involved. It is recommended that the 
responsibility for the maintenance of the system’s software is limited to 2-3 persons, each 
of whom takes the responsibility for the maintenance of program or other documentation. 

Software modifications are kept in the folder for the management of the recovery boiler’s 
configuration state modifications. The operations supervisor is provided with a copy of 
the modifications. 

5.1 Application modifications 
A password and a username are needed for signing in to the planning system. 

The modifications in line with the implementation plans are prepared on the desktop to 
the modules from the file system. 

The modified and checked up module is left on the desktop to wait for a suitable 
stoppage. In case it takes a longer time for a stoppage, a backup copy of the desktop 
should be made. 

It must always be confirmed that a command gets through. The front indicator lights of a 
card confirm its startup. 

Do not update the cards when the process is active, because updating momentarily resets 
the outputs and thus stops the related parts of the process. 

5.2 Wiring modifications 
The modifications in line with the implementation plans are drawn up for the diagrams of 
internal wiring loops on the field and in SIS. 

Wiring modifications/additions are realized according to the stoppage work list. To avoid 
short circuiting problems, connected channels are disconnected for the time the work 
takes. 

Do not perform wiring modifications while the process is active, because possible 
connection problems during the modification work, when new connections are added, 
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can cause the tripping of SIS for the process in question or the relevant parts of the 
process can get into an abnormal state 

5.3 Field equipment modifications 
Replacing a field device with a same type of a device is not a modification if the new 
device has the same calibration as the old one.  On the other hand, to replace a field 
device  with  one  of  a  different  type,  to  add  a  new  one  or  to  change  one’s  location  is  
modification work, which must be planned and have approved by the person in charge of 
SIS or by the plant’s operations supervisor or, if needed, by a competent authority. 

Before a replacement with or addition of a new type of a device, it is necessary to ensure 
that the device’s authorizations designate it as suitable for safety loops.  

When installing field devices, one must follow the installation methods and markings 
corresponding to the implementation plans presented in the SIS description. 

6 MODIFICATION TESTING 
Modifications/additions are tested in accordance with a testing plan drawn up, 
modification by modification, by the person in charge for SIS and approved by the 
plant’s operations supervisor. To ensure testing that is independent of the 
implementation, in addition to the implementation planner, at least one person with a 
sufficient competence, e.g., the person in charge for SIS, must accompany the testing 
procedures.  

The plan should present the personnel participating in the testing; how to test the 
functions of a module loaded after a change in the software or  wiring modifications or 
changes in field devices; the acceptance criteria for the tests; and how to document the 
testing. 

After the tests have been completed, the person in charge for SIS updates the related 
documents in different places in the SIS folder.  When necessary, the modifications must 
be updated also to periodic testing documents and to operations and maintenance 
instructions. 

7 REPORTING ON MODIFICATIONS 
The tested modification/addition is reported to the person in charge of SIS, who gathers 
together  all  the  documentation  related  to  the  modification  and  reports  further  on  to  the  
operation supervisor of the plant. The supervisor approves the modification as having 
been  performed  and  tested,  enters  its  details  in  the  SIS  operation  and  maintenance  log  
book (if exists), and updates and distributes the bulletin in accordance with the 
instructions. 

If necessary, the plant’s operations supervisor reports to the authorities about the 
modification. 
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1 GENERAL 

The members of the Finnish Recovery Boiler Committee have felt the need to 
standardize the marking of the loops and devices in relation to safety instrumented 
systems (SIS) for recovery boilers. This recommendation aims to standardize the 
markings of SIS loops used in manufacturing and in planning and design. 

2 MARKING RECOMMENDATION FOR LOOPS OF SAFETY INSTRUMENTED 
SYSTEMS (SIS) 

2.1 PI diagram 

Those loops which have protection (safety) interlocks (e.g., a valve or something 
comparable that has been defined as needing interlocks or a measurement that gives 
locking limit information) are supplied with an additional letter, Z. 

E.g: PIZ, HSZ, PICZ, etc.  

 
 
 
 

2.2 Interlock, control and loop diagram 

In interlock and control diagrams signals are marked by drawing a dashed line by the side 
of a normal line. 

For example: 

 
 
 

In cross-connection documents these wiring signals are marked with letter Z across the 
line. 

For example:   Z   

The figures carry a legend: z line = red cross-connection wire 

2.3 Wiring 

The cross-connection wiring for devices with safety interlocks is made with an orange 
red wire. 

HZPIZ
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2.4 Device plates and markings 

The plates of the interlocked devices in field containers are of orange red color. Those 
field boxes which contain only loops with interlocks are also equipped with an orange 
red box plate. 

Field devices connected with safety interlocks are equipped with normal field equipment 
plates which are fixed on base plates that are bigger in size and colored orange red. An 
orange frame is thus shown around the normal plate, which has a text ‘Safety 
Interlocking’. 

Example: Under the device plate (yellow) of the firing liquor input valve there is an 
orange red safety interlocking plate installed. 

 
 

FIRING LIQUOR 
  INPUT VALVE 

SAFETY INTERLOCKING 

1234 – PCZ -5678AB 
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SKYREC

1
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Things to be done

• Final report still to come:
– furnace material tests, VTT

• Monitoring last project: 
– Probe Study of Corrosion in the Economizers of a Kraft 

Recovery Boiler, ÅA
• Updating final report
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3

Probe Study of Corrosion in the Econom
izers, ÅA

• Two probes in Rauma mill
– Around 700 hours for the first probe before shutdown 5th

October  Probes temperature is 90 C.
– Second probe will there during shutdown and pulled out 

one week after shutdown 
• Before start-up chemical purification of the boiler 

tubes -> oil burning for 2-3 days ->Acid dew point 
measurement during that time 
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SKYREC: Aktiivihiililaatujen vertailu ja 
aktiivihiilen toimintamekanismin selvittäminen

ionivaihdetuissa vesissä, JPanalysis/OY
• Eri kaupallisten aktiivihiilien välillä ei juurikaan saatu 

eroja TOC-, johtokyky- ja LC-OCD-analyyseillä. 
– voidaan käyttää puolet halvempaa happopesemätöntä aktiivihiiltä 

happopestyn aktiivihiilen sijaan
– Tehtyjen hapetuskokeiden tulosten perusteella otsonilla, 

vetyperoksidilla tai otsonilla ja vetyperoksidilla yhdessä 
aktiivihiilisuodatuksen kanssa ei saatu tehostettua orgaanisen 
aineksen poistoa TSP-vedestä verrattuna pelkkään 
aktiivihiilisuodatukseen.

– Tehtyjen kokeiden tulosten perusteella impregnoidut aktiivihiilet 
(hopea/rauta) eivät toimineet impregnoimattomia aktiivihiiliä 
paremmin orgaanisen aineksen poistossa TSP-vedestä

– Työ valmis -> jatkotyö tilattu 
4
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Työryhmien toiminta

5
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KTR: Aktiivihiilen mitoituksen varmistus ja 
optimointi sekä TOC-reduktion varmistaminen, 

JPanalysis/OY

• Tarkoitus varmistaa suodattimen mitoitus 
koeajoilla eri virtaamilla

• Selvitetään  aktiivihiilisuodattimen  kustannukset  
ja  toimittajat

• Lisäksi     vertaillaan     kahden     TOC-laitteiston
antamia     tuloksia. 

• Työ viivästynyt TOC-laitteen hajoamisen takia -> 
työt päästy vasta aloittamaan

6
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KTR: Savukaasuräjähdys 
soodakattilassa, OY

• Tutkia   turvallisen savukaasukoostumuksen  raja-arvoja  
(syttymisrajat,  minimihappipitoisuus)   ja   niihin  
vaikuttavia   tekijöitä   (mm.   lämpötila,   inerttikaasut,   
paine).   

• Selvityksessä   pyrittiin löytämään turvallinen yläraja 
happipitoisuudelle, jonka alapuolella savukaasuräjähdystä 
ei   voisi   tapahtua

• Loppuraportti saatu -> luotettavia vastauksia kysymyksiin 
ei saatu, tutkimustietoa vähän saatavilla

• Hyvä tutkimus aiheeseen -> laaja lähdeluettelo

7

SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

KTR: Savukaasuräjähdys 
soodakattilassa, OY

• Soodakattilassa vapautuu palavia kaasuja pyrolyysin ja 
koksin palamisen aikana, tärkeimmät  näistä  kaasuista  
ovat  vety  ja  hiilimonoksidi

• Kaasu-ilmaseos palaa ainoastaan jos kaasun konsentraatio 
seoksessa on alemman ja   ylemmän   syttymisrajan   
välillä.   Syttymisrajat   määritetään   kokeellisesti   ja   ne 
vaihtelevat huomattavasti eri kaasujen ja kaasuseosten 
välillä.

• Vaikka  eri  tekijöiden  vaikutuksista  vedyn,  
hiilimonoksidin  ja  niiden  seosten syttyvyyteen löytyy 
kirjallisuudesta melko runsaasti tietoa, niin varsinkin 
korkeammissa lämpötiloissa  (>  300  °C)  saatua  
tutkimustietoa  on  saatavilla  vain  niukasti. 8
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KTR: Soodakattilanmateriaalit ja 
tarkastukset (Suojaussuosituksen 

päivitys)
• VTT päivittänyt osan 2 (Soodakattilan pinnoitteet)
• Pinnoitettavia kohteita ovat yleensä

– ”mustan” ja kompound-putken raja, jossa pinnoitteella 
estetään galvaanista korroosiota

– tulistinputkien mutkat, joissa pyritään estämään 
hapettumisen ja korroosion kautta tapahtuvaa 
ohenemista

– paikalliset kompound-putkien säröytymien korjaus
• Tartunta tärkeää
• Korjaaminen hankalaa/mahdotonta

9
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YTR: TEKES-hanke, Polttoperäisten päästöjen ja 
nanohiukkasten haitallisuuden määrittäminen uudella 

tutkimusmenetelmällä, Itä-Suomen yliopisto
• Projektissa tutkitaan soodakattilan, meesauunin, hakevoimalaitoksen, 

pienpolton (tulisija ja arinakattila) päästöjä ja jälkikäsittelytekniikoiden 
vaikutusta dieselajoneuvon päästöihin sekä päästöjen fysikaalis-
kemiallisia ja toksikologisia ominaisuuksia. Lisäksi tutkitaan teollisten 
nanohiukkasten vastaavia ominaisuuksia.

• Johtoryhmän seuraava kokous lokakuussa ke 3.10.2012

• SKY ehdottanut testattavaksi kolmea soodakattilaa/meesauunia, mutta 
on keskusteluissa päädyttiin siihen että testataan ensin yksi kattila 
(Kymi) ja muiden kattiloiden mittausta pohditaan sitten kun tulokset 
ensimmäisestä mittauksesta on saatu.

• Soodakattilan/meesauunin mittaukset suunniteltu vuodelle 2012?
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YTR/ATR: Hajukaasujen polttosuosituksen päivitys

• Päivitystyöryhmä kokoontui edellisen kerran 16.3.2012 
Kuusankoskella

• Teksti käyty läpi ja kommentoitu, vielä yksi kokous jossa 
katsotaan kokonaisuus

• Suurimmat muutokset:
– Väkevien polton voi aloittaa aikaisemmin tiettyjen ehtojen 

täytyttyä
– Väkevien poltossa tukiliekin voi sammuttaa tiettyjen ehtojen 

täytyttyä

• Suosituksen laajentaminen keräilyyn?
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YTR: BAT/BREF-dokumenttiluonnoksen 
kommentointi / NOx-asiat

• BAT-dokumenttiehdotus lukuarvoineen julkaistiin 
toukokuussa 2012 -> yhdistyksen kommentit 
lähetty Metsäteollisuus ry:n kautta

• Dokumentti TWG:n (Technical Working Group) 
ja BAT foorumin käsittelyyn, josta kokemuksien 
mukaan menee ainakin vuosi ennen kuin 
lopullinen raportti on valmis.
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LTR: Syöttövesipumppujen säätö, LUT

• Työssä tehdään esiselvitys kolmen SKY:n valitseman 
soodakattilan syöttövesipumppauksen mahdollisuuksista 
säästää sähköä toteuttamalla pumppauksen säätö uudella 
tavalla. Samalla mietitään miten suurella syöttövesisäiliöllä 
kukin soodakattila pärjäisi. Lisäksi mietitään monellako 
syöttövesipumpulla pitäisi soodakattilaprojekti toteuttaa

• Tutkittavat kattilat: Veracel (data saatu), Fray Bentos (data 
puuttuu), Joutseno (data puuttuu)

SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

OTR: Painelaitepäivä 19.9.2012 
Sokos Hotel Vantaa

• Osallistujia ~40 henkilöä, joten tilaisuus ei ole 
ollut yhtä suuri menestys Päästömittauspäivä

• Ajankohta ei paras mahdollinen?
• Ohjelma: 

http://www.soodakattilayhdistys.fi/painelaitepaiva
.html
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OTR: Soodakattilapäivä 25.10.2012
Scandic City Tampere

• Ilmoittautuneita 50 henkilöä
• Hotelli kiintiö päättyy 24.9
• Energiamessut 23-25.10
• Ohjelma: 

http://www.soodakattilayhdistys.fi/toiminta5.html
• Eläkkeelle jäämässä:

– Tapio Huuska, Metsä Fibre
– Thomas Åström, Pohjola

17

SUOMEN SOODAKATTILAYHDISTYS
FINNISH RECOVERY BOILER COMMITTEE

SKY 50v ja ICRC 2014
9.6-13.6.2014

• Perustettu oma toimikunta 50v-seminaaria varten
– rekisteröitymisten vastaanotto sekä laskutus ulkoistettu 

Confedent International kongressitoimistolle.
• Sihteeristö on myös luonut jo alustavat nettisivut

– http://www.soodakattilayhdistys.fi/secure/ICRC/ICRC_
index.html

• Yhdistys on tehnyt anomuksen 
kaupunginhallitukselle Tampereen kaupungin 
vastaanoton järjestämiseksi Raatihuoneella 
konferenssin vieraille maanantai-illaksi 9.6.2014.
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Vuosikokous 2013

• Helsingissä 18.4.2013
• Saman konseptin mukaan viime kerralla (itse 

kokous iltapäivällä ja iltaohjelma sen jälkeen)
• Sihteeri kartoittaa mahdollisia kokouspaikkoja 

(musiikkiteattereita).
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Projektiehdotukset

• KTR: Sularännit, käyttöongelmat ja soodasulan juoksevuus
• KTR: Sulavirran vaihtelu ajan funktiona, LUT
• OTR: Energiapäivä
• Suolallisen musta /polttolipeän kuivaaine määritys ja tuloksen ilmaisu

• Käynnissä olevien projektien lisäksi ylimääräisille projekteille rahaa 
40 000 eur
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Projektiehdotuksia

• KTR: Sularännit, käyttöongelmat ja soodasulan 
juoksevuus
– Tavoitteena on selvittää ongelmien riippuvuus keiton 

alkalista ja sulfiditeetista. Kokemuksen mukaan alle 
35%-36% ja yli 45% sulfiditeetti aiheuttaa 
käyttöongelmia.

• Esa Vakkilainen on ehdottanut projektia, jossa 
analysoitaisiin esimerkiksi kolmen kattilan 
sulavirrat. Sulavirran vaihtelusta ajan funktiona 
yksittäisen kourun läpi ja koko kattilasta ei ole 
tehty raporttia. 
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Energiapäivä, LUT

• Esa Vakkilainen ehdotti että ensi keväänä järjestettäisiin energiapäivä 
esimerkiksi Lappeenrannan Teknillisessä Yliopistossa. Järjestelytapa 
ja kustannukset voisivat olla samanlaiset kuin päästömittauspäivässä 
Aalto yliopistolla. 

• Energiapäivän aiheita voisivat olla:
– LUT tutkimus optimaalisista paineista  
– Tehtaiden energia-analyysit (Energiansäästö) Pöyry
– Tehtaiden energiankäyttö ja niiden raportointi (uusi IPPC BAT BREF) 
– Uusien energiatehokkaampien tehtaiden käytännöt
– Lisäsähkö soodakattiloilla
– LUT tutkimus soodakattilan paineista ja lämpötiloista sekä 

välitulistuksesta
– Haihdutusasiaa 
– Sekundäärilämpöasiaa
– Soodakattilan hyötysuhde
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