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Abstract Hazard and operability (HAZOP) methodology is 
an important Process Hazard Analysis (PHA) technique for 
ensuring safety production in chemical industry. Due to the lacks 
of accuracy and reliability in manual HAZOP analysis, the 
quantitative HAZOP analysis has gained more and more 
attention. In this work, a process simulation-based HAZOP 
analysis method and its flow chart are proposed. And the 
proposed method is applied to a steam generation subsystem in 
an ethylene pyrolysis unit on a dynamic process simulation 
platform. All deviation parameters of system can be calculated 
and described quantitatively. The case study shows the proposed 
method is useful for the effective risk prevention and control 
measures in a chemical process.   

Keywords—Quantitative HAZOP; process simulation; Process 
Hazard Analysis 

I.  INTRODUCTION  

1.1 Background 
With the development of process industry, the probability 

of accidents is consistently growing during transportation, 
storage and production of hazardous chemicals. The Bhopal 
gas leakage accident in Dec, 1984, for example, occurred at the 
Union Carbide India Limited (UCIL) pesticide plant in Bhopal, 
Madhya Pradesh. Over 500,000 people were exposed to methyl 
isocyanate gas and other chemicals. The tragedy resulted in 
death toll of more than 2500 people. More than 200,000 people 
were injured in the accident. 670 thousands people were 
affected by the residual gas. Another catastrophe occurred in 
August 12. A series of explosions occurred at a hazardous 
chemicals storage station located in the Binhai New Area of 
Tianjin, China. The explosions caused 165 people killed and 
798 people injured and 304 buildings, 12428 vehicles, 7533 
containers damaged. By December 10, 2015, it has approved 
the direct economic loss of 6 billion 866 million yuan. 

The Regulation of Ascertaining Administrative Liability in 

China on Work Safety attached more importance on production 
safety of process industries. Hence engineers apply Process 
Hazards Analysis (PHA) to evaluate and improve the safety of 
plants. A wide range of methods such as Checklist, Fault Tree 
Analysis (FTA) and Hazard and Operability Analysis (HAZOP) 
are available for PHA [1~2]. Among them, HAZOP is one of 
the most widely used PHA methods, an important tool and 
effective measure to identify potential process hazards and 
prevent accidents in the field of hazardous chemicals. Britain 
and Canada have passed legislations to promote the use of 
HAZOP in construction projects. HAZOP is performed by a 
team of experts who raise safety issues on design, operation 
and management of the equipment and discuss solutions to 
solve the problems. Although HAZOP analysis possesses the 
characteristics of high degree of systematization and 
centralization of the experience of experts in various fields, 
manual HAZOP is a qualitative method. The manual 

 

1 Process system is a complex and coupling system. A 
deviation somewhere may cause the deviations of the other 
positions even systematic abnormity; 

2 Manual HAZOP is time-consuming, laborious and 
costing; 

3 High dependence on specialized knowledge, expertise of 
team members and management of the leader; 

4 The verbal discussion method is not thorough and 
discussions are prone to confusion of concepts. 

1.2 Reviews 
In view of the shortcomings of the manual HAZOP analysis, 

adaptation to conventional HAZOP has been made. With the 
development of computer technology, quantitative and semi-
quantitative HAZOP analysis has become a tendency. 
Generally, computer HAZOP can be mainly divided into 
computer-aided HAZOP and automating HAZOP. 
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In developed countries, the development of computer-aided 
HAZOP analysis has experienced 3 stages.  

 Stage 1: Early computer-aided analysis did not innovate the 
traditional method but help generate HAZOP text. Project 
management HAZOP software is a kind of computer-aided 
HAZOP. It realizes logical assistance in data managements and 
standardization of text input and output. In terms of functional 
structure, this type of software is close to a special data sheet 
which focuses on the processing of documents. It plays a key 
role in managing documents. This greatly reduces the amount 
of work and enhances efficiency and quality. 

 Stage 2: Fault Diagnosis Expert System was introduced to 
reason and propose instructions based on knowledge base. To 
overcome the shortage of the existing HAZOP expert systems 

-
based reasoning framework. The case base and the structure of 
cases are briefly described and the case searching and matching 
strategies are presented  

Stage 3: Automatic reasoning method of safety evaluation 
based on deep knowledge is developed. Gradually, numerous 
intelligent computer-aided systems were developed. The 
application of automating HAZOP analysis to complex process 
equipment shows excellent performance. The automating 
HAZOP analysis models the process system with the aid of 
computer. By dynamic simulations of instruments, control 
system, process of heat transfer, process of mass transfer, 
profess of momentum transfer and the reaction process, the 
impact of the deviation on the process system is analyzed in the 
way of the internal mechanism analysis. V. 
Venkahasubrananian made great progress in applying SDG 
(Signed Directed Graph) to build HAZOP model. SDG is a 
qualitative modeling method. SDG-based HAZOP is capable 
of analyzing the transmission relationship between internal 
variables of complex system. In 1997, V. Venkahasubrananian 
[4] developed HAZOPExpert software on the G2 expert system. 
Chiappetta [5] et al. discussed the method of combining steady 
process simulation technology and HAZOP analysis to 
quantify the deviation. On the basis of traditional HAZOP, Liu 
[6] et al. simulated the effects of different degrees of deviation 
on the process system by modeling the analysis object. The 
quantity of HAZOP is achieved through quantifying the 
HAZOP guidewords and the deviations.  

Chinese experts and scholars have started to research 
intelligent computer-aided HAZOP methods since 2003. At 
present, computer-aided safety evaluation in mainland China is 
still in its infancy. The technology used to carry out risk 
analysis is scarce. Hence, the research on computer-aided 
HAZOP analysis will be an important field of China's HAZOP 
analysis [7]. 

Therefore, in this paper the progress of computer-aided 
HAZOP and computer automating HAZOP is reviewed 
respectively in section I. A Quantifying HAZOP method is 
presented in section II. This method conducts quantitative 
descriptions of the deviation and the influences to the system 
by building the object model, which realizes real time 
monitoring of various parameters, such as temperature, 
pressure, flowrate etc. Section III carried out a case study of a 
quantifying HAZOP analysis of Steam Generation System in 

Ethylene Pyrolysis Unit based on process simulation platform. 
Conclusions are drawn in section IV. 

II.  A QUANTITATIVE HAZOP ANALYSIS METHOD 
BASED ON PROCESS SIMULATION SYSTEM 

2.1 HAZOP Analysis 
HAZOP is a structural analysis used for identifying design 

defects, process hazards and operating risk. The analysis is 
practiced by serial conferences to analyze process diagrams 
and operation procedures. During the analysis, the analysis 
group consisting of the professionals systematically studies 
every single part (i.e. the analysis node) of the system in a 
prescribed manner. Dividing nodes according to P&ID in 
advance is a significant part. Correct node dividing in every 
P&ID ensures effectiveness of the HAZOP report. The node 
may be a length of pipeline, an equipment or equipment 
combination in a process. Then the HAZOP analysis is started 
as above procedures. 

Before conducting analysis, the purpose, object and scope 
of the analysis must be determined. Afterwards, team of 4 to 8 
people is founded and the expert team generally consists of 
leader, secretary, process engineer, instrument engineer, 
process operator, safety officer and equipment engineer. All 
documents related to design and operation such as P&ID and 
PFD must be obtained and systematically audited by the expert 
team. The analysis object needs to be divided into several parts 
in order to determine the scope of analysis and prevent the 
omission of deviations [8]. 

Expert team analyzes each process unit or operating 
procedure. Taking the normal process parameters and operating 
conditions as the standard, all the possible deviations are 
analyzed term by term and potential hazards is identified. The 
deviation is led by the guidewords. One purpose of using the 
guidewords is to ensure that the deviation of all the process 
parameters is included

guideword "more" can be selected to identify the deviation. 

likely is it to happen
control failure, the control valve opens by error; the flow into 
the container is greater than the amount of discharge, discharge 
pipeline blocked. 

Only when the meaningful combination of the guideword 
and the parameter, can it be used for analysis. For instance, the 

combination is rejected. Meaningful combinations of parameter 
and guideword are shown in table I. After analyzing and 
recording all the deviations of the system, HAZOP deviation 
analysis table can be generated, as shown in table II

TABLE I.  COMBINATIONS OF PARAMETER AND GUIDEWORD 

Parameters Guideword 
None Less More Part of Reverse Other than 

Flowrate       
Pressure       
Temperature       
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Parameters Guideword 
None Less More Part of Reverse Other than 

Component       
Liquid Level       
Phase       

TABLE II.  HAZOP DEVIATION ANALYSIS TABLE 

Deviations Cause Results Precautions Suggestions 
Deviation 1 Cause 1 

Cause 2 
Cause 3 

Result 1 
Result 2 

Precaution 1 
Precaution 2 
Precaution 3 

Suggestion 1 
Precaution 2 

Completing the deviation table, the HAZOP research 
report can be written. The report should include every 
analyzed result, significant descriptions of the safety measures 
and records for each guideword and parameter. The safety 
measures and corresponding operations must be recorded to 
ensure that the safety measures can be properly understood by 
personnel. Manual HAZOP analysis procedure is shown in 
Fig.1. 

 
Fig.1 Flow Chart of Manual HAZOP analysis 

2.2 Process Simulation latform 
Process Simulation platform is based on SIM4ME 

architecture. The system takes full advantage of the 
thermodynamic method in the field of process system 
engineering to ensure the accuracy of process model. 
Meanwhile, considering the complexity of the control 
procedure, the system model is built on the basis of parallel 
management and control theory of complex systems[9~11], 

which ensured the reliability and accuracy of the training 
system, hazard analysis system and emergency drill system 
based on process simulation platform. 

Simulation of the system is carried out by sequential 
modular approach. The basic idea of this approach is to 
develop the calculation module for each type of unit in the 
process and organize the modules to the flow sheet of the 
actual process; the output data and the parameters of each 
module are used as input data and parameters to next module to 
obtain the information of the process state. 

Sequential modular approach has been widely used process 
simulation method, especially in the field of process industrial. 
This method has the following characteristics in terms of the 
establishment of simulation model: 

1 One or more algorithms can be chosen to solve the 
model of process unit, so the accuracy of dynamic simulation 
of flow sheet can be guaranteed, which is beneficial to meet the 
requirements of real-time. 

2 The information flow in the model, the mass flow 
and energy flow in the process are corresponding. This  the 
basis for model consistency verification 

3 When the model is abnormal, it is easy to diagnose 
and modify. 

4 Model and module algorithm has good reusability, 
which improves the efficiency of model establishment, 
shortens the development cycle and reduces the cost of 
development. 

2.3 A Process Simulation-Based Method for Quantitative 
HAZOP Analysis 
First, control nodes configuration can be began based on 

the familiar with the control system and process flow sheet of 
the object system. Simulation of control type must be 
consistent with P&ID. Next, flow chart configuration is 
developed according to process flow diagram. Flow chart 
configuration embraces the setting of static process picture, 
dynamic value of points, bar charts and alarm status of points. 
Setting the alarm range should follow the operating procedures, 
emergency response principles and other documents. If the 
parameter of one node exceeds the safe range, the triggered 
alarm needs clear warning signs. Except for point configuration 
and flow chart configuration, the simulation system is capable 
of management of algorithm library and supporting user-
defined algorithm. 

The modeling process can be classified as follows: 

1 Before the start of the analysis, the purpose, object 
and scope of the analysis should be determined. 

2 All documents concerned about design and operation 
such as P&ID and PFD must be obtained. 

3 Modeling based on obtained documents in process 
simulation system. 

4 Dividing nodes, selecting the deviation for simulation 
system. 
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In view of the disadvantages such as omissions and wrong 
assessment of artificial HAZOP analysis, the process 
simulation-based HAZOP method uses simulation system to 
simulate the process. The establishment of the simulation 
model is based on the operating procedures, emergency stop 
design principles and other related information and once 
parameters exceed the safe range the alarm is triggered 
automatically. During the analysis, the production operation 
such as start-up and emergency shut-down is conducted on the 
simulation system and all triggered alarms are recorded. The 
alarm could be any node in whole process system instead of 
where deviation occurs. 

Operations are conducted on the simulation system and the 
deviation is observable. This makes it possible to observe the 
influence of deviation on the system. So the causes and the 
consequences could be inferred. The flow chart of simulation-
based HAZOP is shown in Fig.2. 

  
Fig.2 Flow Chart of process simulation-based HAZOP 

III. CASE STUDY 

3.1 Process of Steam Generation System in Ethylene Pyrolysis 
Unit 
Steam generation system in ethylene pyrolysis section is 

selected as the analysis object for HAZOP analysis. 

In the ethylene pyrolysis process, the naphtha from the 
boundary limit is cracked in the cracking furnace. In order to 
avoid coke of pyrolysis gas caused by secondary reactions or 
decomposition of heavy hydrocarbons, quench exchangers are 
arranged in the outlet of the furnace. The quench exchanger is 

mounted on the top of the furnace and every exchanger 
contains two waste heat boilers. Each waste heat boiler is set 
up for the heat recovery of the cracking gas from 24 furnace 
tubes. The waste heat boiler consists of 24 exchanger unis, 
which is a casing form, inverted U-shaped, two-passes. The 
fluid in shell-side is boiler feed water (BFW) from the drum 
and the water cycles based on thermal siphon principle. The 
distribution pipes at the bottom of boiler evenly distribute 
BFW into the outside of the tubes of exchanger unit. BFW 
absorbs heat from the pyrolysis gas and vaporizes, gathered in 
the upper part of the boiler pipes and goes back to the drum. 
High temperature steam discharged from the steam drum is 
used for the heating of the cracking furnace, and the heat 
recovery is realized. 

3.2 Manual HAZOP Analysis of Steam Generation System 
The drum of steam generation system is selected as the 

the manual HAZOP, analysis results are summarized to the 
HAZOP analysis table (Table III   

TABLE III.  MANUAL HAZOP ANALYSIS TABLE 

Node Deviations Cause Results Suggestions 
Steam 
Drum 

BFW 
Interruption 

Failure in 
the control 

valve Outlet steam 
temperature 

decrease;            
waste heat boiler 

overheat;    cracking 
reaction interruption 

Enable 
standby heat 

source;         
repair pipeline 

or valve 

Water 
supple 

pipeline 
crack or 
fracture 

 

 

According to Table III, the manual HAZOP analysis of 
steam generation system is started with the process parameters 
and the main nodes including pressure, temperature and 
flowrate. And then the HAZOP analysis report is formed. It can 
be combined with expert team advice to make safety measures 
or put forward other solutions to eliminate risks 

3.3 Computer-aided HAZOP Analysis Method Based on 
Process Simulation System 

Furnace

Steam Drum

BFW

1101
LIC

Waste Heat Exchanger

1111
FI

Steam

 
Fig.3 P&ID of steam generation system 
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Fig.4 Simulation of quench segment 

 
Fig.5 Simulation of steam generation system 

  
Fig.6 Normal/Low liquid level of oil quenching column 

Firstly, according to the P&ID (Fig.3), the steam 
generation process is simulated by the model established 
above. And the process model of quenching cooling segment 
is developed (Fig.4). The simulation corresponding to the 
steam generation system P&ID is shown in Fig.5. 

The drum of steam generation system is selected as the 

Turn off the inlet of BFW in the simulation system and 
observe the changes of the system. After a while, T101 and 
T102 tower bottom level triggered the alarm. 

T101 is the oil quenching tower. In T101, high 
temperature pyrolysis gas is cooled by cooling oil from heat 
recovery of waste heat boiler. T102 is the fuel oil stripping 
tower. Pyrolysis gas from T101 is condensed in T102. Part of 
condensation put out as fuel oil product and the other is piped 
to T101 as cooling oil. 

While the system is performing well, liquid level of T101 
is about 60% and the alarm value is set at 80%. Once liquid 
level exceeds 80% the level bar chart turned green to red. 
Liquid level of T102 is about 50% and the alarm value is set at 
80%. 

The historical data of each parameter can be obtained in 
the simulation system. Temperature of steam drum outlet fluid, 
liquid level of T101 and T102 is obtained and the data is 
transformed into graphs (Fig. 7~9). 

 
Fig.7 Temperature of steam drum outlet 

 
Fig. 8 Liquid level of T101 

 
Fig.9 Liquid level of T102 

3.4  Discussions 
It can be seen through the graphs that the interruption of 

BFW results in the declining temperature of the outlet of the 
drum. The water in the shell-side of waste heat boiler become 
stagnant and heat transfer efficiency decreased severe, which 
means the heat recovery is spoiled and dry burning may 
explode the boiler. Meanwhile, liquid level of T101 and T102 
is increasing consistently. Normal production process is 
destroyed and production safety is seriously threatened. 
Therefore the emergency measures should be taken 
immediately when the BFW is interrupted. 

Through the analysis based on simulation system, it is 
found that the influence of BFW interruption on the system is 
much more than damage in the steam generator. The oil 
quenching tower and fuel oil stripping tower are also seriously 
affected. In the manual HAZOP analysis, the focus is 
concentrated on where the deviation occurred instead of the 
whole system.  

Check the existing safety measures based on the alarm to 
finish remaining of HAZOP analysis table (Table VI). 
Compared with manual HAZOP analysis, HAZOP method 
based on simulation system is capable of identifying the 
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misoperation and the impact of each step of the operation to 
the related section. 

TABLE IV.  COMPUTER-AIDED HAZOP ANALYSIS TABLE 

Node Deviations Cause Results Suggestions 
Steam 
Drum 

BFW 
Interruption 

Failure in the 
control valve Outlet steam 

temperature 
decrease;         
waste heat 

boiler overheat;    
cracking 
reaction 

interruption; 
T101 and T102 
liquid level rise 

Close intake 
valve of 
T101; 

Emergency 
shutdown of 

furnace  

Water supple 
pipeline crack 

or fracture 

 

 

IV. CONCLUSION 
In this paper, a process simulation-based method for 

quantitative HAZOP analysis is proposed based on parallel 
management and control theory. A dynamic simulation 
process of Steam Generation System in Ethylene Pyrolysis 
Unit is built based on process simulation platform. A 
quantitative HAZOP analysis of Steam Generation System is 
carried out. The risk report from quantitative HAZOP analysis 
has the following advantages compared with the report from 
manual HAZOP analysis:  

1 Accurate and intuitive risk report: through the 
manual HAZOP analysis, the risk report tells us where 
deviations occurred. While the deviations can be calculated 
and described based on the quantitative HAZOP analysis 
proposed in this paper. 

2 Decision-support role: risk report from the 
quantitative HAZOP analysis plays an important role in 
supporting safety manager to make corrective and preventive 
measures according to the quantitative deviations. 

3 Quantization of deviation: The method of 
guideword is of high uncertainty. For example, the deviation 
high liquid level  can t exactly express the extent of the high 

level. While the deviation is expressed in exact numbers such 
as 10% through dynamic simulation. By doing so, the 
abnormal   situation in the whole process could be adjusted by 
the level control system. And it is necessary to take emergency 
measures if the deviation is beyond 50%. Through the 
dynamic simulation of parameter deviation, the degree of 
deviation is quantitative. 

The method proposed in our work has great dependencies 
on process simulation modeling and also has the problem of 
missing faults. This tells us there much more work needs to do 
to improve the method.   At the same time, the method used in 
our work obviously improved the problem of incompleteness 

of manual HAZOP analysis. The conceptual confusion of 
verbal discussions can be avoided and the reasons for the 
deviation can be traced back to the specific equipment and the 
specific operation based on the method. Therefore, 
quantitative HAZOP method based on simulation system is an 
effective supplement to manual HAZOP analysis. 

ACKNOWLEDGMENT  
This work is supported in part by Natural Science 

Foundation of China (61233001, 71232006, and 61533019); 
"Cloud Computing and Big Data" project of 2015 College 
Students' innovation and practice training program in Chinese 
Academy of Sciences; Guangdong Province S&T Department 
projects (2014A010103004, 2014B010118001 
2014B090902001, 2014A050503004). Chinese Dongguan's 
S&T project (2013508102018)
Talents Project (Gang Xiong). 

REFERENCES 
[1] M. Herrera, A.S. Luna, A.C. Costa, E.M. Lemes, A structural approach 

to the HAZOP - Hazard and operability technique in the 
biopharmaceutical industry , Journal of Loss Prevention in the Process 
Industries, vol. 35, pp. 1-11, 2015. 

[2] Y.L. Zhang, W.T. Zhang, B.K. Zhang, Automatic HAZOP analysis 
method for unsteady operation in chemical based on qualitative 
simulation and inference , Chinese Journal of Chemical Engineering, 
vol. 23, pp.2065 2074, 2015. 

[3] J.S. Zhao, L.H. Zhao, L. Cui. Case based reasoning framework for 
automating HAZOP analysis . Journal of Chemical Industry and 
Engineering (China), vol. 59(1), pp. 111-117, January 2008. 

[4] V. Venkatasubramanian. Intelligent systems for HAZOP analysis of 
complex process plants . Computers and Chemical Engineering, vol. 24, 
pp. 2291 2302, 2000. 

[5] Chiappetta G, Clarizia G and Drioli E. Analysis of safety aspects in a 
membrane reactor . Desalination, vol. 193, pp. 267-279, May 2006. 

[6] X.H. Liu, L.P. Zhou, D.F. Zhao. The quantitative research of HAZOP 
analysis -- the combination of HAZOP . 
Petrochemical Safety and Environmental Protection Technology, vol. 
25(2), pp. 19-30, 2009. 

[7] G. Yao, Y.P. Han. Brief introduction of HAZOP analysis method . 
Chemical Enterprise Management, vol. 12, pp. 131, April 2014. 

[8] T. Li, J. Yang, B.K. Zhang, C.G. Wu, The development of computer-
aided HAZOP analysis technology and application software tools . 
Petrochemical Safety Technology, vol. 22(6), pp. 51-54, 2006. 

[9] F.Y. Wang, D.R. Liu, G. Xiong, C.J. Cheng, D.B. Zhao. Parallel 
Control Theory of Complex Systems and Applications . Complex 
Systems and Complexity Science, vol. 9(3), pp. 1-12, September 2012. 

[10] C.J. Cheng, F. Cui, L.F. Li, G. Xiong. Parallel Management Systems 
for Complex Productions Systems: Methods and Cases . Complex 
Systems and Complexity Science, vol. 07(1), pp. 24-31, March 2010. 

[11] G. Xiong, F.Y. Wang, Y.M. Zou, C.J. Cheng, L.F. Li, C.Y. Liao. 
Parallel Evaluation Method to Improve Long Period Ethylene 

Production Management . Control Engineer of China, vol. 17(3), pp. 
401-406, May 2010.

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


