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phnb: 
KEywoRDs: Acciakntx, unu&szi, muludtion, b a r d ,  method, 
puper indwtp problem solving, pulp z'ndwq sujg upgrdding. 

afety analysis is the systematic ex- S amination of the structure and 
functions of a system. Its aim is to 
identify all factors having the potential 
to contribute to accidents, to evaluate 
the risk induced by them, and to find 
ways to minimize these risks. The ob- 
jective is to eliminate accident hazards 
before any accidents have occurred. 

This article describes experiences 
obtained from safety analyses carried 
out in the Finnish pulp and paper in- 
dustry and presents a new method 
developed for minimizing accidental 
releases in pulp plants. 

The application of safety analysis is 
based mainly on the motivation of and 
benefits perceived by the industrial 
enterprises themselves. Some experi- 
ences of the benefits obtained in pro- 
cess industries have been reported. 
When designing new process systems, 
for example, use of safety analysis has 
decreased the fatal accident rate by 
about 75% (1) and reduced the costs of 
changes and disturbances in a plant 
startup by 10% (2). 

In operating plants, safety analysis 
has been used to support safety pro- 

grams. In an iron factory, a 50% re- 
duction in human injuries was attained 
after a safety analysis had been con- 
ducted (3). As a secondary benefit, a 
considerable increase in safety aware- 
ness was achieved. Quantification of 
hazards supports decision-making and 
shows the effect of design changes. 
For example, remedies developed dur- 
ing safety analysis have reduced the 
risk by a factor of from 3 to 10 (4) and 
increased plant reliability by a factor 
of 2.7 (5). 

In a paper plant, the improvements 
developed after individual machines had 
been studied reduced the number of 
days absent from work by 67%, in some 
cases by as much as 90%. In addition, 
63% of the improvements made the per- 
formance of tasks easier and 21% de- 
creased production stoppages. 

Safety analysis of a black liquor 
recovery boiler plant 

In North America, 113 recovery boiler 
explosions, including 80 smeltrwater 
explosions, have been recorded be- 
tween 1958 and 1979. Grace and Tay- 
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in the pulp 

lor (6) have verified that the first year 
of operation is the most critical where 
smelt-water explosions are con- 
cerned. According to the statistics, 
during the fist year of operation such 
accidents are three times as common 
as on the average. This seems to indi- 
cate that operational experience de- 
creases hazards. 

Gases formed as a by-product of 
the process also pose a significant risk. 
An accident of this kind happened in a 
plant in Finland. During a maintenance 
shutdown, the explosive gas-air mix- 
ture leaked into an electro-flter and 
exploded. No injuries occurred, but 
the accident caused serious material 
damage and disturbances in produc- 
tion, as well as harm to the environ- 
ment that lasted for several months. 

Aim of the analysis project 
md methods used 
A recovery boiler plant was subjected 
to a safety analysis carried out in co- 
operation between a Finnish paper 
company and the Safety Engineering 
Laboratory of VTT (Technical Re- 
search Centre of Finland). The aim of 
the safety analysis was to identify and 
evaluate the hazards associated with 
the plant, and the factors contributing 
to those hazards, to enhance the safety 
and reliability of plant operations. 

The first phase of the study, risk 
mapping, sought to obtain a general 
view of the risks and to identify the 
most important accident potentials. It 
was performed by using a method 
called potential problem analysis 
(PPA) (7). 

In the second phase, the study 
shifted from the general approach to a 
detailed analysis of the most critical 
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process systems. This was done by ap- 
plying the HAZOP (hazard and oper- 
ability study) method (8). The accident 
hazards affecting the workers operat- 
ing the equipment were then studied 
by means of work safety analysis 
(WSA) (9). The most important mainte- 
nance tasks were studied using action 
error analysis (AEA). The aim was to 
identify potential human errors and to 
analyze their effects. Finally, problems 
relating to the organization of mainte- 
nance were analyzed with the MORT 
method (management oversight and 
risk tree) (IO). 

All five methods were employed by 
work teams consisting of representa- 
tives from the recovery boiler plant 
and VTT. The teams were formed to 
include as much knowledge and expe- 
rience as possible. The aim was to im- 
prove the personnel’s overall safety 
awareness. The size and composition 
of each team varied, according to the 
method employed (Table I). 

Identifying the hazards 
and their contributors 
In risk mapping, a total of 152 ideas for 
hazardous situations were identified 
at two meetings. In all, 13 hazards were 
then analyLed in more detail. This re- 
sulted in the identification of 78 con- 
tributors and 25 remedial measures. 
The major hazards which previously 
had not been perceived clearly enough 
and which had the potential to cause a 
smeltwater explosion were: 

Water entering the boiler (e.g., leak- 
age or overfilling of the feedwater 
tanks above the boiler, or a failure 
of the inlet heat exchanger) 
Diluted liquor entering the boiler 
due to a failure in the density gauge. 

With respect to the process system, 
41 hazards having over 200 contribu- 
tors were identified by HAZOP. The 
majority (51%) of the contributors per- 
tained to process disturbances or 
equipment failures. Human errors or 
deficiencies in procedures also played 
an important role (40%). Over 60 fac- 
tors contributing to the inadvertent 
dilution of t,he liquor were identified. 
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1. Participants in the safety analysis of the black liquor recovery boiler plant 

I I Padicipant PPA HAZOP WSA AEA MORT 

Production manager 
Production engineer 
Maintenance engineer 

Machine 
Electrical 

Senior foreman 
Foreman 

Production 
Maintenance 

Mechanic 
Electrician 
Operators (three) 
Safety technician 
Safety representative 
Researcher 

Engineer 
Psychologist 

* 

* 
t * 

* 

* 

* 

* 

* 
* 
* 

* * 

* 
* * 

I 

However, most of the hazards identi- 
fied by HAZOP had only minor poten- 
tial consequences (Fig. 1). 

With respect to the operating tasks 
carried out by the boiler operator, the 
stoker, and the evaporation plant op- 
erator, a total of 79 hazards with over 
100 contributors were identified. The 
most significant problems pertained 
to the maintenance tasks, which in- 
volved lifting and removing machine 
parts and the isolation of different work 
objects to eliminate the risk of inad- 
vertent starts (i.e., handling the cor- 
rect valves, blinding the correct 
pipelines, disconnecting the correct 
hoses and pipes and reconnecting them 
correctly after the work). 

Examples of the identified mainte- 
nance problems include: 

Improper storing of flammable ma- 
terials, particularly during mainte- 
nance shutdowns 
Inadequate preventive maintenance 
of auxiliaxy devices 
Inadequate training of personnel 
concerning the maintenance of new 
equipment 
Deficiencies in task boundaries and 
responsibilities 
Improper use of safety switches. 

Suggested improvements 
Over 260 improvements were proposed 
at different phases of the safety analy- 

sis (Figs. 2 and 3). One third of them 
came up during the HAZOP study, 
another third during the maintenance 
survey, and the rest during risk map- 
ping and work safety analysis. More 
than half of the proposed improve- 
ments were technical in nature. 

The majority of the improvements 
affecting the pipelines and valves con- 
cerned the evaporation plant and the 
black liquor feeding system. A number 
of unnecessary pipeconnections andvalves 
were found; these could be removed or 
blinded. Changes of these kinds are typical 
of aplantwhere s e v d m a c a t i o m  have 
been made over the years. 

Effects of the proposed changes 
Half of the proposed measures im- 
proved the reliability of the plant op- 
eration by eliminating the identified 
disturbance potentials or by reducing 
their probability. Thirteen of the li- 
quor dilution disturbance potentials 
could be eliminated completely, and 
the probability of disturbance could be 
reduced in 26 cases. The probability of 
serious operational disturbances, in 
particular, could be reduced in nearly 
every identified case. 

The plant personnel estimated that 
more than 80% of the changes could be 
made immediately. The rest could be 
realized in the near future in connec- 
tion with other maintenance tasks or 
later on when major changes would be 



made. It also was estimated that over 
70% of the measures could be realized 
at only marginal costs. 

As to the human tasks, the accident 
risk could be reduced to 25% of the 
original estimation. In addition to the 
improved safety level, about 60% of 
the changes also facilitated the execu- 
tion of the work tasks. 

Evaluation of the execution 
and results of s a f q  analysis 
HAZOP is the most important and 
valid method of analysis for improving 
the operational safety of process sys- 
tems. However, the study showed the 
importance of supplementing a 
plantwide analysis based on M O P  
by using other methods which focus on 
specific process parts and human ac- 
tivities (e.g., maintenance). For ex- 
ample, Suokas (1 1) shows that HAZOP 
can detect only about 35% of all hazard 
contributors in a process system. 

The analysis uncovered new, for- 
merly unidentified hazards, the elimi- 
nation of which would lead to safer and 
more disturbance-free operation of the 
plant. Workers also received valuable 
information about the operations car- 
ried out in the plant. This will lead to 
better informed and more safety-con- 
scious workers. This was surprising 
because the company had a long expe- 
rience with recovery boiler plants, and 
this plant is one of the safest in Fin- 
land; in fact, its safety records are bet- 
ter than average. 

A method for improving 
the management of accidental 
releases in pulp plants 

The environmental impacts caused by 
a plant can be divided into continuous 
process emissions and accidental re- 
leases. Continuous process emissions 
normally occur when the plant is oper- 
ating. Accidental releases are usually 
sudden, unforeseen releases of harm- 
ful substances. Since they are unex- 
pected, they can cause very serious 
consequences. 

Although production of the Finnish 
forest industry has increased in volume 

by about 60% in the last 20 years, the 
amount of emissions has decreased over 
80%. Even so, the problem caused by 
potential accidental releases still re- 
mains. The publicity arising from acci- 
dental releases could have very negative 
impacts on the plant and perhaps on the 
attitudes of the public towards the whole 
industrial branch. The role of the acci- 
dental releases is emphasized by the 
fact that one major release could have 
an adverse effect on the microorgan- 
isms of the biological wastewater treat- 
ment system. This, in turn, could 
interrupt the operation of the whole pulp 
plant for a couple of weeks. 

Procedure for managing 
accidental releases 
A new procedure for eliminating and 
managing accidental releases of pulp 
plants has been developed at VTT. The 
procedure begins by defining and re- 
stricting the object and by collecting 
the factual information needed (Fig. 
4). Identification and analysis of po- 
tential releases is carried out by apply- 
ing the release risk analysis method 
(RRA) (12). The method has been de- 
veloped on the basis of PPA (7). RRA 
obtains a general view of the release 
hazards and their contributors related 
to the plant and its operations. 

When analyzing release potentials, 
their causes and consequences are 
evaluated in detail. This begins by re- 
jecting release hazards which are less 
significant and do not need further con- 
sideration. The analysis includes rank- 
ing of the risks according to their 
relative magnitude by estimating the 
probability (P) and consequences (C) 
of each release potential (Table 11). In 
addition, the amount of released chemi- 
cal should be estimated (in tons, cubic 
meters, etc.). 

Assessment of the effects of poten- 
tial releases to the environment and to 
the wastewater treatment plant is made 
based on chemical data and experiences 
from releases that have occurred. The 
management of release potentials can 
be planned. This stage includes the de- 
velopment and implementation of rem- 
edies for eliminating or managing the 

release potentials. The management of 
releases should be a continuing process 
that includes the investigation of re- 
leases that have occurred. 

Case studies 

The procedure has been applied in two 
pulp plants. In the first case study, the 
plant was divided into four parts and a 
work team was formed for each part. 
Each team consisted of an operator, a 
production foreman, a maintenance 
worker or foreman, a production engi- 
neer, and the team leader. Each team 
used three 34-hour meetings for haz- 
ard identification and two 3-5-hour 
meetings to analyze the identified re- 
lease potentials. 

In the second case study, three work 
teams were formed to carry out the 
RRA. Each team used two 4-hour 
meetings for hazard identification. One 
meeting was replaced by personal 
work. Each team analyzed the most 
significant risks in one 4-hour meet- 
ing, during which the team was rein- 
forced by an expert from the 
wastewater treatment plant. The less 
significant risks were left to be ana- 
lyzed later by the personnel of the de- 
partment in question. 

Release potentials identified 
and improvements suggested 
Both case studies identified a remark- 
able number of release potentials- 
about 350 in each study. A considerable 
number of these release potentials had 
not been recognized previously. The 
most significant release potentials 
arose from the storing of chemicals, 
fuels, and flammable products such as 
turpentine and tall oil. Loading and 
unloading of chemicals are generally 
known to be risky activities; overload- 
ing can cause a release, or chemicals 
can be loaded into the wrong vessel, 
thereby causing unexpected chemical 
reactions to occur. 

Management of accidental releases 
is based on knowledge of the release 
potentials. This means that their causes 
and the place of release must be identi- 
fied. When evaluating the amount of 
chemical released, one must check how 
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the release can be detected. Once this 
is known, measures can be planned to 
eliminate each release potential, to de- 
crease its probability, or to diminish 
its effects. The improvements that 
were developed included various tech- 
nical improvements and changes in 
the operating procedures. 

Management of accidental releases 
is closely linked with the management 
and control of the production process, 
equipment, and activities; the more 
stable the production process, the bet- 
ter it can be controlled and the lower 
the number of releases. Several im- 
provements of the automation, instru- 
mentation, and maintenance of the 
production system also were made. 

Good control of the wastewater 
treatment system forms the founda- 
tion for treatment of most of the re- 
leases. Alarm systems and procedures 
play an important role. Continuously- 
operating devices were proposed for 
controlling the most critical points of 
the sewage and rainwater system. 
Such devices should detect releases as 
early as possible and should give ap- 
propriate information to the persons 
responsible for operating the waste- 
water treatment system and the whole 
process. However, the wastewater 
treatment plant should get that infor- 
mation even earlier, as soon as the 
disturbance in the production process 
has occurred. 

- -  
Dept.1 

Evaluation ofthe execution 
and results ofRRA 
In both case studies, RRA detected a 
remarkable number of release poten- 
tials. However, there were problems 
in estimating the effects of release po- 
tentials and in assessing the most sig- 
nificant risks. The main reason for 
these problems was lack of informa- 
tion about the properties of the chemi- 
cals and on their effects on the 
wastewater treatment plant and on 
the environment. Therefore, the as- 
sessment often had to be based on the 
plant’s own experiences (i.e., incident 
data from releases that have occurred 
previously) and on expert opinions. 

Dept.2 Dept.3 Dept.4 

1. The distribution of the probable conseauences IN = 241) of the deviations identified bv and 

I 

-, - - 
evaluated in HAZOP 
I 

Analysis of Analysis of 
release release 

potentials potentials 

Major operational 
disturbance - 6% 

Human injuries 
(only) -lOY0 

Serious material 
damages - 5% 

Environmental 
harm - 12% 

4. Phases of the new procedure for managing risks caused by accidental chemical releases 

collection of information 

7 I ldentlficatlon of potential releases I 

I 4 Assessmentofthe 
effects of releases 

Management of 
releasedremedles 

The approach used in RRA applies a 
muehwidwmrsrxxtive to moblem identi- summary 
fication thk th; ident&ation methods 
commonlyusedinsafetyandriskmalysis. 
In practice, the wide perspective applied 
to problem identification also restrids the 
depth of the results. Hence, the analysis 
m be seen as the beginning of a system- 
atic effort to manage the accidental re- 
leases more precisely. 

Operational experience has been used 
to improve the safety and reliability of 
process systems. The information avail- 
able, however, has many restrictions. 
Many restrictions of incident investi- 
gations can be eliminated by using a 
detailed safety analysis; the use of 
safety analysis and the collection of in- 
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2. The distribution of technical improvement proposals (N = 158) 3. The distribution of improvement proposals other than those techni- 
cal in nature IN = 108) 

I Changes in Removal of 
valves 13% DiDelines 7% . .  

S 
Changes in 

instrumentation 
13% 

Changes in 
working 

platforms 
13% 

Other technical 
changes 

25% improvements auxiliary devices v in 
13% 

Development 
of work 

instructions 

14% Training 
0% 

11. The scales used when estimating the probability and consequence of each release potential 

I 
Consequence (magnitude) 

of the release (C) Probability of the release (P) 

Very improbable 
Less frequently than once 
in 10 years 

Less frequently than 
once a year 

Possible Yearly 

Improbable 

Probably Monthly 
Very probably 

Weekly 

Insignificant release 
Harm only at the point 
of existence 

Minor release 
Harm in the plant area or an increase 
in the load of the wastewater treatment plant 

Minor harm to the environment or problems 
in the wastewater treatment plant 

Moderate release 

Significant release, Harm to the environment 
Serious release 

Serious harm to the environment or 
interruption of the wastewater treatment plant 

I 

cident information thus supplement 
each other. However, the operational 
experience of the plant personnel pro- 
vides the necessary background informa- 
tion when camying out safety analysis. 

This paper describes safety analy- 
ses as carried out in operating pulp 
plants. The analysis revealed a large 
number of defects, the elimination of 
which would increase the safety and 
reliability of these plants. Use of safety 
analyses can thus be considered very 
important when designing new plants. 

One of the main ideas of the con- 
sultants involved in these studies has 
been to carry out the analysis and 
plan the improvements together with 

the personnel of the plant. This was 
motivated by the fact that the person- 
nel have the best and most experi- 
ence with the processes, their 
deficiencies, and equipment failures. 
Moreover, participation improves the 
personnel's awareness of the hazards 
and helps workers to realize that 
something can and must be done to 
improve the situation. 
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