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INTRODUCTION
The author has worked for complex Fertilizer Plants and Chemical Plants with worldwide experience for over 30 years, of which is called to ChinHae and NamHae, both joint ventured with U.S.A. companies in Korea, NanYa Formosa in Taiwan R.O.C. and OSWAL in India as a consultant.

And also, the author has accumulated theories and hands on experiences in the fields such as plant construction, pre-commissioning and commissioning, care and custody, mechanical completion and initial start up, trouble-shooting and normalization of operation, preventive maintenance, process upgrading and retrofitting, process improvement and modification, plants de-bottlenecking, design, engineering and project, and consulting, etc in the above-mentioned complex chemical plants. 

During have been performing many activities in the above-mentioned fields, the author have not only experienced many situations, problems & troubles, accidents due to human errors, and man-made mistakes, but also faced with many kinds of risks and dangerous situations. Whenever experience and face with the above-mentioned those troubles and situations, the author has been trouble shooted in emergency, studied in detail and analyzed what are the reasons on the every situation.

Moreover these chemical industries and its plants that the author has experienced have been continuously growing towards high-tech fine chemical production, high growth of complexity, high-tech intensive facilities, and large size in capacity.
Accordingly, in case some accidents happen due to human errors and man-made mistakes in complex chemical plants, it not only becomes to bring on ecological serious change and destruction, but also human being, animals and plants, and even if other living things suffer from those accidents and disasters, etc.
 For the most part of situations and troubles, they come from various human factors due to poor managing philosophy and poor overall management in the following categories; application of design and engineering, application of parameters in detail, analysis of symptoms in chemical process, development of plant deterioration, reeducation and in-plant retraining, etc.
Moreover, under these circumstances, related all chemical engineers should protect their society in responsibility from any situations and troubles due to human errors related to safety, clean production and environment in particular.
DISCUSSION AND RESULTS

From the beginning the author has worked for an intense interest to improve safety in the workplace.

In the performance of author’s duties, the author has endeavored to accomplish ZERO DRFECTS and control the likelihood of human errors in the complex chemical plants and industry.

The author has followed and thoroughly proven a practical application of the human factors and   overall management in safety first of concept when performing the activities to be discussed below.

Specifically, these activities were widely applied for operating crews through to C.E.O. 

The author’s team obtained satisfactory results such as higher productivity, process improvement, and management diversification through the fulfillment and application of these activities in detail.

Moreover, these considerations in the application and execution are continuously required to the project and design stages for manufacturing process as well as during a plant’s primary construction.

Ultimately, these activities are for clean production and environment by executing safety-first management and philosophic decision-making for further development of the complex chemical plants.

As a result of carrying out the practical application to be discussed on the below, the author also has received a ‘Honored Service Award’ in reward for the high quality of service and much contribution on the activities of such as plant construction, pre-commissioning, commissioning, retrofitting, modification, process upgrading, initial start up & trouble-shooting and normalization of operation, etc during served as a senior consultant, consultant in Taiwan R.O.C. in the year of 2002.

Human error in the chemical plant industry

What are the origins of human errors?

Fundamentally, the following defects in character in such categories as the Managing philosophy, the Engineering philosophy, and the On the Job philosophy may cause serious calamities.

1) Poor management and poor execution under “Spherical Philosophy in Unity”
2) Closed-minded management of the leading and managing groups

3) One-sided view of the leading and managing groups

4) Prejudiced and narrow-minded thought processes

5) Frequently changing direction

6) Poor education and O.J.T.(On the Job Training); without periodic education and training courses

7) Poor safety management

Where do Human Errors come from?

Through long experience it has been found that Human Errors in the chemical plants come from the following:
1) Making an unwise decision with poor philosophy

2) Thinking on the singular philosophy without benefit of the philosophic categories

3) Lack of communication

4) Poor cooperation within organization

5) Management unconcerned with education and training

6) Poor management of manpower
Philosophic mind to be based in the execution of the overall management

The author says that the followings are sayings that could be foundation for the overall management executing on the philosophic mind:

1. Distinguish and execute Philosophic decision-making between the Natural sciences and the Social sciences in the overall management of the complex chemical plants.

Given that, only 1% of judgment is correct based on scientific conception and theory; it would be prudent to follow exactly the 1% of scientific truths without exception.

2. Endeavor to discover the root cause of a problem.

3. Engrave in our mind “major accidents are inevitable” when omitting or disregarding a critical activity and/or process from consideration in the normal procedure.
4. Think and act based on principle and theory in the application.

5. Understand that “where there is a will, there is a way”.

6. Perceive that there is a way out of every situation.

7. Recognize that if you knock on the door, the door will open.

8. Practice that “Nothing ventured, nothing gained”.

9. Keeping in mind that courage and faith in the overall management make us healthy and strong in our life.

10. Believe that if we keep our heartfelt learning and studying attitude we will see improvements to the operability and efficiency of the complex chemical plants.
Major symptoms and parameters happening against safety and clean production/environment

The symptoms and parameters on the following list are undesirable process factors that become the root causes of almost all industrial risks as well as against clean production and environment.

	Ex:  1) Impurities in raw materials

3) Thermal decomposition

5) Fume solidification

7) Vacuum formation

9) Ground sinking

11) Formation of static charges

13) Channeling

15) Poor piling
	2) Toxic and hazardous

4) Auto oxidation

6) Vibration 

8) Stress cracking

10) Accumulation of explosive materials

12) Static electricity sparks

14) Swelling

16) Siphon, etc


How to cope with the situations and solve the problems

Solve through the following stages in detail these symptoms and parameters that should thoroughly execute the philosophic overall management with the above-mentioned philosophic mind. 

Each stage that should be considered and solved is as follows;

1. In the project evaluation and feasibility stage;

2. In plant overall planning stage; 

3. In the basic engineering and design stage; 

4. In the detailed engineering and design stage; 
5. In the final design stage; 

6. In the preparation stage of operating manual; 

7. In the philosophic education and in-plant training stage; 

8. In the raw materials purchasing stage; 

9. In the procurement stage; 

10. In the plant construction planning stage; 

11. In the construction working stage; 

12. In the pre-commissioning, commissioning, process tuning and mechanical completion stages;

13. In the care and custody stage; 

14. In the trial run stage;

15. In the initial start up stage;

16. In the performance guarantee test stage;

17. In the continuous long term production stage;
Project and engineering systematic approach 
The following Major Parameters should be strictly applied in the performance of Engineering Activities to prevent the Human Errors. 

Example:

	1) Physical and chemical properties
	2) Stability and reactivity

	3) Technical information on the MSDS and CSDS
	4) Side reaction and by-products

	5) Toxicological information
	6) Impurities

	7) Static electricity
	8) Ecological information

	9) Regulatory information
	10) Waste disposal, etc


The following major engineering considerations should be thoroughly reviewed and studied

	1) Chemical product and company identification
	2) Composition & information on ingredients

	3) First aid measures
	4) Fire fighting measures

	5) Accidental release measures
	6) Handling and storage

	7) Exposure controls and personal protection
	8) Disposal considerations

	9) Transportation information
	10) Plant specific information


Efficiency improvement of the system and process

Chemical Engineers performing the following activities and projects should clearly and carefully manage with a focus to prevent Human Errors. The Standard Specification should be settled to safely bring in acceptable products in the initial project stage.

Example: 

	1) Raw materials
	2) Adding and feeding chemicals

	3) By-products
	4) Final products

	5) Processing equipment and its spare parts
	6) Specification on constructional materials, etc


Major Parameters and Major Considerations of these projects should be exactly applied and reviewed in detail without any exception in the initial stage of the basic and detail Engineering.

	1) Upgrading of specification
	2) Manufacturing Process

	3) Plant Construction
	4) System modification and revision

	5) Process de-bottlenecking
	6) System retrofitting

	7) System and process upgrading
	8) System improvement

	9) System automation
	10) Process designing in safety

	11) Project feasibility study
	12) Preventive maintenance and life cycle


Philosophic Education and in-plant Training

The Philosophic education and in-plant training is not only the flower for the firm’s future, but also foundation of the overall management.

Moreover, this could be a nucleus of endless development of complex chemical plants and its industries. The teaching and training materials should be prepared in detail.

I. Education

	1) Introduction and process operating conditions
	2) General design philosophy 

	3) Process and efficiency control
	4) Instrumentation and electrical systems

	5) Plant operation
	6) Maintenance and preventive maintenance

	7) Designed drawing explanation
	8) Safety and environment


9) Cautions and warning summaries on the processing equipment and manufacturing process

II. In-plant On-The-Job (OJT) Training

III. Educational and in-plant Training Result; Examination and Test

CONCLUDING REMARKS

Under above-mentioned circumstances, the author’s purpose is to make a contribution toward protecting our lives, investments, the community and society, and country from risks, accidents and man-made disasters, etc. Consequently, the author encourages engineers to utilize this paper in their normal activity. And in case of executing the above-mentioned overall management in their actual performance, the author understand the Complex Chemical Plants can make a net contribution to Society and to the Families of its employees worldwide. 

The author proposes that these activities on the above-mentioned philosophic categories should be applied and educated in the course of the regular Education Curriculum of the Engineering College. 
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