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Abstract





Abnormal situations in chemical process industries (CPIs) occur due to sensor drift, equipment failure, changes in process parameters or operator error.  Ineffective Abnormal Situation Management (ASM)® has an economic impact of at least US$ 20 billion annually in the U.S. petrochemical industry alone.  It is also a safety issue that has significant environmental impact.  The U.S. ASM Joint Research and Development Consortium, led by Honeywell, was formed in 1994 to develop effective solutions to control and prevent abnormal situations.  A key finding of the consortium is that effective ASM cannot be achieved by technology alone and requires a significant shift in the culture of organizations.  The culture within an organization is largely dependent on the culture of the society to which it belongs.  Recognizing this, the consortium members in the Asia Pacific region formed the AP ASM consortium to identify these regional specific issues related to ASM and develop solutions that best suite the region.  In this paper we will discuss these findings and solutions.





Introduction





Investigation has shown that abnormal situations in chemical process industries (CPIs) occur due to a myriad of root causes and contributing factors, such as, sensor drift, equipment failure, changes in process parameters or operator error.  These abnormal situations typically lead to production disturbances that manifest themselves as poor product quality, scheduling delays, equipment damage and in worst case scenarios - lead to real emergencies resulting in catastrophic consequences.  The avoidance of abnormal situations is not only a safety issue but also has significant economic and environmental impact. Hence effective Abnormal Situation Management (ASM) is an imperative for safe and economical operations.  For example, it is estimated that the inability of automated control systems and plant-operating personnel to adequately deal with abnormal situations has an economic impact of at least US$ 20 billion annually in the U.S. petrochemical industry alone.  Furthermore, the U.S. petrochemical industries ranked proper ASM as a top priority due to its implications in process safety.  This has been reinforced by the Occupational Safety and Health Administration’s (OSHA) in its process safety management standard Title 29CFR 1910.119 (Nimmo, 1995).





Recognizing the importance of ASM, the industry leaders in hydrocarbon processing and chemical manufacturing and Honeywell formed the ASM Consortium in 1994.  Current membership in the consortium includes BPAmoco, Celanese, Chevron, Equilon, ExxonMobil, Phillips, Nova Chemicals, Union Carbide, Brad Adams Walker, myplant.com, Technology Training Systems, Purdue University and Ohio State University.  The consortium’s primary goal was to understand the root causes of abnormal situations and to develop technologies needed to allow industrial plant operations personnel to control and prevent abnormal situations.  As a part of the knowledge acquisition phase of this program, the consortium conducted a number of site studies in Europe and North America.  During these studies, the consortium members observed the operations of their plants and interviewed a wide variety of operations, engineering and management personnel.  In addition, they evaluated the plant incident reports.  These studies identified that significant contributions to abnormal situations were not technology related. In fact the lack of management leadership, human errors, work environment, and obsolete or inadequate operating procedures were identified as key contributors to abnormal situations.  The consortium thus recognized that effective ASM cannot be achieved by technology alone and that it requires a significant shift in the culture of organizations.  The culture within an organization is largely dependent on the cultural influences of the society to which it belongs.  The CPI industry in Asia Pacific (AP), with its diverse cultures and languages, has some unique issues related to ASM that vary significantly from those encountered in other parts of the world.  In this work, we discuss some of our recent findings related to these issues and their influence on ASM.  The outline of the paper is as follows: Section � REF _Ref492951011 \r \h � \* MERGEFORMAT �2� elaborates on the various factors affecting ASM and the formation of APASM consortium.  Section � REF _Ref492998674 \r \h � \* MERGEFORMAT �3� will discuss some of the cultural differences between the western cultures on which the original ASM practices are based on and the different cultures within Asia Pacific.  In Section � REF _Ref492999142 \r \h � \* MERGEFORMAT �4�, preliminary findings on the impact of these differences on the ASM practices are discussed.


Abnormal Situation Management 





The operation of any petrochemical plant can be broadly classified into three distinct but overlapping modes as shown in � REF _Ref489701127 \h � \* MERGEFORMAT �Figure 1�.  A well-run plant operates in the normal mode, meeting production demands most of the time.  During this mode, the operator aided by DCS and/or other advanced automated control systems is able to control minor perturbations and maintain the plant in this mode while focusing on optimizing plant performance.  When significant upsets occur, these automated systems cannot cope with them, as their underlying design models are no longer accurate.  These situations quickly lead the plant to an abnormal operating mode where operator intervention is required to either return the plant to a normal operating mode or to bring it in a safe state.  Effective ASM requires the operator to perform timely detection, diagnosis, evaluation and intervention.  A delay or a miscalculation in any of these steps could quickly escalate the situation to abrupt or catastrophic incidents.  The primary line of defense employed to minimize the losses incurred due to these incidents is the use of emergency shutdown systems (ESDs).  However the ESD response is based on hard coded cause and effect conditions that may not address all possibilities.  Hence, when this line of defense fails, the plant enters an emergency-operating mode where the primary goal of the operating personnel is to limit the extent of damage by following well-rehearsed evacuation and fire fighting procedures.





As mentioned above, operator’s role is pivotal in effectively dealing with abnormal situations.  In fact, an analysis of the root causes for initiating and exacerbating abnormal situations indicates that while poor equipment health management and process related issues are significant factors, the majority of them are people related (HSE, 1995).  Several performance-shaping factors contribute to the ability of people to perform effectively in a plant environment.  These could be internal factors like training/skill, emotional state, motivation, personality, group identification and culture or external factors like work environment, organizational structure and work hours.  Factors like availability of procedures, communications within the organization, work methods, control display relationships and task criticality also have a profound effect on an operator’s performance (Lorenzo, 1990).  The site studies done by the ASM consortium, in addition to reaffirming the contribution of these factors, identified the best practices within different sites to alleviate these root causes for abnormal situations.  These best practices are dominated by the human aspects, which have been grouped as organization/work environment, control room environment, alarm management, procedures, operator vigilance, operations training & skills and communications.


Cultural Difference





Culture, in the context used in this paper is defined to be the collective programming of the mind, which distinguishes the members of one group of people from another (Hofstede, 1997).  It is learnt based on one’s social environment and is not based on one’s genes.  Differences in cultural manifest themselves in terms of symbols, heroes, rituals and values.  Among these, the core of a culture is represented by values, which are broad tendencies to prefer certain states of affairs over others.  Cultural differences among different nations are measured across many dimensions, each of which defines a specific aspect of the culture.  � REF _Ref492969546 \h � \* MERGEFORMAT �Table 1� is a summary of the relative scores along some of these dimensions (Hofstede, 1997) for some of the countries within Asia Pacific in comparison to the countries where the ASM site studies were conducted by the ASM consortium.
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Figure � SEQ Figure \* ARABIC �1�: Operating Modes in a Plant





In brief the indices indicate the following attributes.





PDI	Power Distance Index measures the extent to which the members of that culture expect and accept that power is distributed unequally.  A small PDI indicated higher boss - subordinate interdependence, while a large PDI usually indicates preference towards subordination or rejection all together.





IDV	Individualism Index is the extent to which individualism or collectivism is the norm within a society.  Societies with high IDV scores have very loose ties between individuals and everyone is expected to look after his/herself and their immediate family.  While societies at the low end of the spectrum are collectivist societies where people who are integrated into strong, cohesive ‘ingroups’ are protected in exchange for unquestioning loyalty.





MAI	Masculinity Index is an indication of the degree to which masculinity is the norm within a society. Masculinity defines the extent to which social gender roles are clearly distinct.  Femininity defines societies where gender roles significantly overlap.  A high value of MAI for a society indicated higher degree of separation between gender roles.





UAI	Uncertainty Avoidance Index measures the extent to which the members of a culture feel threatened by uncertain or unknown situations.  A high UAI indicates a society that has low tolerance for uncertainty and experience high levels of stress.





LTO	Long-term orientation index indicates the extent to which the society emphasizes long term goals.  Characteristics of societies with high LTO are persistence, ordering relationships by status and observing this order, and having a sense of shame, while societies with short term orientation or low LTO are characterized by personal steadiness and stability.
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�
Indices�
�
Country�
PDI�
IDV�
MAS�
UAI�
LTO�
�
USA�
40�
91�
62�
46�
29�
�
Canada�
39�
80�
52�
48�
23�
�
Great Britain�
35�
89�
66�
35�
25�
�
�
�
�
�
�
�
�
Australia�
36�
90�
61�
51�
31�
�
New Zealand�
22�
79�
58�
49�
30�
�
�
�
�
�
�
�
�
Hong Kong�
68�
25�
57�
29�
96�
�
India�
77�
48�
56�
40�
61�
�
Indonesia�
78�
14�
46�
48�
- �
�
Japan�
54�
46�
95�
92�
80�
�
Malaysia�
104�
26�
50�
36�
-�
�
Pakistan�
55�
14�
50�
70�
0�
�
Philippines�
94�
32�
64�
44�
19�
�
Singapore�
74�
20�
48�
8�
48�
�
South Korea�
60�
18�
39�
85�
75�
�
Taiwan�
58�
17�
45�
69�
87�
�
Thailand�
64�
20�
34�
64�
56�
�
Table � SEQ Table \* ARABIC �1�: Differences between National Cultures


If we take these definitions and the findings we can see a spread in the results that not only identifies the expectation of difference between Asian and western cultures, but that there are striking differences between nations within Asia itself.





The other dimension of culture in which the Asian society differs significantly from the western society is in their perception of time (Hall, 1983).  Based on this time, cultures are classified as either monochronic (M-type) or polychronic (P-type).  Monochronic cultures tend to compartmentalize activities and execute these with an emphasis towards schedules and is an attribute typified in western societies.  Polychronic culture typified in Asian societies stresses involvement of people and completion of tasks.  The attention or urgency ascribed to a task in a polychronic culture is based on the personal relationship between the individuals concerned.


Impact of Cultural on ASM





In this section, we discuss how the cultural differences identified above impact the different facets of ASM. The analysis, though not exhaustive provides insights into areas that will require further investigation and resolution before effective ASM is achieved within the AP region. 





The structure of the organization impacts ASM best practices around organizational/work environment, procedures and work permitting systems.  Empirical studies done in INSEAD business school in Fontainebleau indicates that way an organization is structured is significantly influenced by the national culture.  Organizing always demands the answering of two questions, the first as to who has the ownership to decide what, and the second being what rules or procedures will be followed to attain the desired ends.  The answer to the first question is influenced by cultural norms of power distance, the answer to the second question by cultural norms about uncertainty avoidance.  PDI and UAI affect our thinking about people in organizations rather than about the organizations themselves.  To put this in some perspective, the following applies:


A small PDI and weak UAI is likened to the village market, where resolving issues are based on negotiation without formal structure or concentration of authority, an example would be Great Britain.


A large PDI and weak UAI is likened to a family, where owner/managers are omnipotent and conflict resolution is through permanent referral to the boss, examples are India and Indonesia.


A large PDI and strong UAI is typical of the pyramid of people construct, which concentrates authority and structures activities, examples are Japan and Korea.





Hence the organizational structure would need to accommodate acceptable norms of individual societies to ensure optimal interpersonal and organizational performance. 





Organizations, whether as a whole or sub parts thereof, are strongly influenced by the various cultures of those responsible for its management.  This newly formed or evolving organizational society acquires an identity of organizational culture that can impact ASM.  The following are two dimensions of organizational culture that affect ASM, viz.





Process oriented vs. Result oriented: This dimension of an organizational culture is strongly associated with the PDI.  A society with strong PDI tends to be more process oriented while a low PDI indicates a orientation towards end results.  People within process oriented cultures perceive themselves as avoiding risks and making only a limited effort in their jobs.  In result oriented cultures people perceive themselves as comfortable in unfamiliar situations and put in a maximum effort.  Hence training programs in process oriented cultures should emphasize on unfamiliar situations such as handling abnormal situations to ensure operators effectiveness during abnormal situations.  In result oriented cultures, training programs should emphasize on ensuring that operators do not ignore precedence and follow well-established and appropriate procedures.


Open systems vs. Closed systems: An open system is where both the organization and its people are open to newcomers and outsiders.  A closed system on the other extreme is where people are secretive even among insiders.  A weak UAI, that is favoring open communication, affects communications and collaboration at all levels of the organization and has a strong influence on both manageable and insidious aspects of ASM.





A regional specific issue related to ASM in Asia is the ability of operations personnel to continue to evaluate the situation objectively as information is received that may contradict earlier assessment.  The results of persisting with a course of action in light of conflicting data are well documented in many incident reports.  A highly collectivist mindset overlapped with low long-term orientation (LTO) indicator identifies a saving of face characteristic that reinforces the potential of commitment to an action that could be detrimental the integrity of the plant and personnel.  This can be compounded by the perception of urgency associated with a particular task based on the people involved.  These cultural aspects have a marked bearing on how effective collaboration between operators in abnormal situations will be.





People within Asia speak many different languages that do not share a common root with Germanic languages such as English.  Many operators have only minimum comprehension of English thus limiting their comprehension of DCS messages and operating procedures.  While dealing with abnormal situations, significant delays could be induced due to the operators requiring to constantly translating their own thoughts into English and the messages received from the control systems to their native languages.  This situation is compounded in when operators with different native languages need to collaborate.  Organizations with multi-cultural work force face additional challenges such as the following identified by Neal (1998):


Interpersonal


Experiential


Organizational


Multinational 


A typical scenario of difficulties that could be encountered may start with language and cultural problems, which lead to the formation of informal groups along cultural lines.  This then creates mutual suspicion and mistrust among these groups and multiple information and communication systems within each group leading to discrete ‘mind sets’ within same organization.  Finally the development of multiple and different goals, values, mores and protocols within each informal group which result in costly conflicts further strengthen group identities further deteriorating the situation.  Berger(1996) points out that the Asian emphasis on long term orientation and life long relationships to a group means that Asians working in groups usually come dedicated to learning from experience.  They want to create cohesiveness and harmony within the group not wanting to be too tough or to be personally exposed to public failure or ridicule.  Negative feedback is much more threatening to the giver and the receiver in Asia.  Whereas western participants approach team interaction is often with a more skeptical perspective wanting to have say in its design and wanting to participate and willing to debate with fellow participants.  So in establishing any program to migrate ASM initiatives or learning into the region the following skills required


Practice of empathy


Demonstrating a respect for cultural differences


Learning from interpersonal interactions


Avoiding explanation of other people’s behavior from one’s own frame of reference


Not passing value judgements


Avoiding stereotypes


The cultural differences and ensuing challenges are encountered in all parts of the world albeit to different degrees.  Hence, successful deployment of ASM initiatives and evaluation of site practices must be managed with sensitivity towards these differences and the attitudes listed above.


Conclusion





Abnormal situation management is more about people than it is about technology.  The findings of the ASM Consortium and it relevance to a global environment are fundamentally sound.  Organizational structure and how readily proven solutions can be adopted in the region are a prime motivation for the AP ASM Consortium.  The points raised in this paper are not exhaustive by any means, and detailed investigation into the regions cultural aspects and the modification of ASM initiatives is in its embryonic stage.





The diversity of culture, the interaction of individuals, groups and organizations must be clearly assessed and processed to enhance, rather than detract from the potential success of effective ASM.  An approach of bluntly forcing western solutions into the AP region is destined for failure, if not for the cultural aspects listed above, but for the myriad of cultural reasons this paper has not had the opportunity to portray.  The skills of the ASM practitioners must be such that they recognize the intrinsic values of the local culture and not recklessly lose the positive aspects that that culture may bring to achieve ASM.
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