Department of Chemical Engineering

West Virginia University
ChE 475 

Spring 2019
Chemical Process Safety

Time:


9-10:15 MW
Place:


Room: MRB-E205
Instructor:

Paul T. Daniell
Office: Room 433 ESB

Phone: 304-293-9812
Office Hours:TBA
Prerequisite:

ChE 202, ChE 310 or consent

Required Text:
Chemical Process Safety: Fundamentals With Applications, 3nd Edition by D.A. Crowl and J.F. Louvar, Prentice Hall, Englewood Cliffs, NJ, 2012.  (If you don’t buy the text, you must rent it) To cut cost further, you may share a rented text with another student. 
Supplemental material in the form of guest lectures, videos, and handouts.
Additional texts and reference materials are available in the Chemical Engineering Library.  (See attached list for some suggested references)

Course Description:
The main focus of the course involves issues of safety, health and loss prevention in the chemical process industry.  You will be introduced to safety hardware, sources government regulations, fires and explosions, potential harmful effects of chemicals in the workplace, as well as hazard identification and risk analysis.  Awareness of these and other safety concerns will allow you to develop effective strategies for analyzing and evaluating the safety of chemical processes to reduce operating hazards.

Course Grading:

Quizzes


80%

90 to 100 = A

Final Exam


20%

80 to 90 = B







70 to 80 = C







60 to 70 = D

         


Below 60 = F

Course Objectives:  
As a 400 level class, this safety class addresses ABET outcomes (#2,3 and 4). 

Outcome #2. An ability to apply engineering design to produce solutions that meet specific needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental and economic factors. 
Performance Indicator#2- Design processes with consideration of public health, safety and welfare. 

Performance Indicator #4- Design a chemical process that addresses global, cultural, social, and environmental impacts or factors. 

Outcome#3 Ability to communicate effectives with a range of audiences. 

Performance indicator #1- Organize an oral presentation and present in a professional manner considering a range of audiences. 

Outcome#4. An ability to recognize ethical and professional responsibilities in engineering situations and make informed judgements, which must consider the impact of engineering solutions in global, economic, environmental and societal contexts. 
Performance indicator#1- Apply the engineering code of ethics to a case study of a real world situation. 
Specific objectives include: 

· To obtain an understanding about How chemicals affect us physically and how hazards can be quantified by mastering material in:
- 
Industrial Hygiene

- 
Toxicology

-
Epidemiology

- 
MSDS Data


(outcome#2 Performance Indicator#2)
(
To become aware of basic safety procedures for the laboratory and the plant, with emphasis on satisfying government regulations. 

(outcome#2 Performance Indicator#2, outcome#4, Performance Indicator #1)
· To learn about the release of chemicals into the environment and how mitigate the effects on people and the environment. 
(outcome#2 Performance Indicator#2)
· To understand the causes, effects and prevention of fires and explosions. 
(outcome#2 Performance Indicator#2, #4)
· To gain an appreciation of the use and sizing of pressure relief valves and their design by calculations.


(outcome#2 Performance Indicator#2)

· To understand process risk assessment and its role in process design. 


(outcome#2 Performance Indicator#2,#4, outcome#4, Performance Indicator #1)
· To integrate class material with other chemical engineering areas and develop an awareness of laboratory and plant safety.

- 
Laboratory Inspections reporting

(outcome#3 Performance Indicator#1)

- 
Case Studies of Past Accidents (Learn from History!!)
(outcome#2 Performance Indicator#2, outcome#4 Performance Indicator#1)

Attendance and Class Conduct

Although attendance is not part of your grade, by missing class you may miss quizzes, homework assignments and additional material I may introduce. I will post some examples online, but not all class notes. If you miss a quiz or exam, I will only allow a makeup with an excused absence such as illness with a note, a college or department sponsored function. A calculator and notepad should be brought to class. If you prefer to take notes using an electronic device such as an IPAD or PC, this is fine. I will require all cell phones, etc. to be turned off as a courtesy to the class. We will not have an official “Bio” break, but if nature calls, please quietly leave the room. Treat this as a job, be on time, be courteous, and don’t be a distraction by talking except when we have open class discussion. I understand people are occasionally late due to traffic or other issues and will not be nasty about it as long as it is not a habit. However, I will be quite strict about phones, texting etc. I will have to excuse you. 

Inclusivity Statement 
The West Virginia University community is committed to creating and fostering a positive learning and working environment based on open communication, mutual respect, and inclusion. If you are a person with a disability and anticipate needing any type of accommodation in order to participate in this class, please advise me and make appropriate arrangements with the Office of Accessibility Services (293-6700). For more information on West Virginia University's Diversity, Equity, and Inclusion initiatives, please see http://diversity.wvu.edu.
Academic Integrity and Dishonesty

As stated in the WVU catalog, 

Students of West Virginia University are citizens of a broader academic community. As such, the University expects that every member of its academic community share its historic and traditional commitment to honesty, integrity, and the search for truth. To meet these standards, academic dishonesty will not be tolerated.
The catalog defines academic dishonesty as plagiarism, cheating and dishonest practices in connection with examinations, papers, and/or projects; and forgery, misrepresentation, or fraud as it relates to academic or educational matters.”  See the following for details: (http://catalog.wvu.edu/undergraduate/coursecreditstermsclassification/#academicintegritytext) 
Academic dishonesty in this class will result in the following sanction in the first instance:

· Plagiarism:  Student will receive 0% on the assignment

· Cheating on an exam/homework/project/paper:  Student will receive a 0% on the problem or problems under question

· Forgery, misrepresentation, or fraud:  F in the course 

In addition, an Academic Dishonesty Form will be submitted through the department and college offices.  

Academic dishonesty in the second and following instances may receive more severe sanctions, which can include up to dismissal from an academic program. 
Dishonesty within the academic community is a very serious matter, because it destroys the basic trust necessary for a healthy educational environment. Academic dishonesty is any treatment or representation of work as if one were fully responsible for it, when it is in fact the work of another person. Academic dishonesty includes cheating, plagiarism, theft, or improper manipulation of laboratory research data or theft of other services, A substantiated case of academic dishonesty may result in disciplinary action, including a failing grade on the project, a failing grade in the course, or expulsion from the University. 

If I sense Wandering Eyeballs during an exam or quiz, I will speak to you and give you a warning and your will be reseated far away from another student. This is something I do not wish to ever encounter, so please DO NOT TEST me. A repeated offense will result in failure and disciplinary action.  
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Course Syllabus
1)
Introduction
-
Overview



- Definitions



-Accident Statistics (learn from the past)


- Inherently Safer Design

-Some Case Studies - examples
2)
Chemical Hazards  

-
Toxicology

- How toxic materials affect us (biological organisms)

- How they enter the body

- How toxins are eliminated from the body

3)
Industrial Hygiene - how to prevent workers from being exposed to toxic materials 


- Anticipation



- Identification 


 - Evaluation 


- Control 

4)
Source Models and Release of Chemicals by Accidents


-
The “accident scenario” – all accidents follow similar paths
-
Source Models -- prediction of how much is released and at what rate.

- flow of liquids and gases through holes

- flashing liquids

- Evaporation of liquid from pools to the atmosphere

5). 
Safety Regulations

-
TSCA

-
RCRA


-
SARA



-HAZCOM
6)
Fires and Explosions
-
What causes fires and explosions? 
- Fuel, ignition sources, how they spread

- Fire characteristics


7)
Design to Prevent Fires and Explosions

- 
Flammability Diagrams

-
Ventilation, purging, explosion proof equipment
8)
Chemical Reactivity


-
Hazards, compatibility, Calorimeters, 


-
Controlling reactive hazards
9)
Pressure Relief Valves
-
Types and Location of Relief Valves

10)
Sizing of Relief Valves
-
Gas service, liquid service, or two-phase flow

11)
Hazard Identification
-
HAZOP’s and Safety Reviews

-
Risk Assessment (a way for estimating risk)
-
Accident Evaluation

-
Inherently Safer Design Revisited
12)
Risk Assessment

- 
Probability Theory


- 
Fault Trees and Risk Analysis

13)
Safety Procedures and Design

-
Safety management


-
Permitting


-
Safety Reviews


-
Safety Designs
14)
Video Tapes and Case Studies - on various aspects of laboratory and plant safety procedures
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Fundamentals of Chemical Process Safety

Some Suggested Resources
(1)
D.A. Crowl and J.F. Louvar, Chemical Process Safety: Fundamentals with Applications, 3nd Edition (Prentice Hall Inc., Englewood Cliffs, NJ, 2012).  Lots of good information all in one place.
(2)
Brauer, R., Safety and Health for Engineers, 2nd Edition, (John Wiley & Sons, New York, NY, 2006).  Lots of detailed information on Industrial Hygiene.
(3)
Lees, F., Loss Prevention in the Process Industries (Butterworths, London, UK, 1980).

 (4)
Bartlenecht, W., Explosions (Springer-Verlag, New York, NY, 1980).

(5)
Bodurtha, F.T., Industrial Explosion Prevention and Protection ( McGraw-Hill Book Co., New York, NY, 1980).

(6)
Kletz, T., Process Plants: A Handbook for Inherently Safer Design, (Taylor & Francis, Philadelphia, PA, 1998).  The Bible of Inherently Safer Design!!
(7)
Louvar J.F. and B.D. Louvar,  Health and Environmental Risk Analysis, (Prentice Hall PTR, Upper Saddle River, NJ, 1998).

(8)
CCPS Books, AIChE, 345 East 47th Street, New York, NY 10017

-
Guidelines for the Technical Management of Chemical Process Safety

-
Guidelines for Chemical Process Quantitative Risk Analysis

-
Guidelines for Process Equipment Reliability Data, with Tables

-
Guidelines for Hazard Evaluation Procedures

-
Guidelines for Use of Vapor Cloud Dispersion Models

-
Guidelines for Safe Storage and Handling of High Toxic Hazard Materials

-
Guidelines for Vapor Release Mitigation

-
Student Problems: Safety, Health, and Loss Prevention in Chemical Processes 

(9)
Atherton, J. and F. Gil, Incidents That Define Process Safety, (John Wiley & Sons Inc., New York, NY, 2008).  An entire volume devoted to case studies of past accidents and disasters
(10)
McCabe, W.L., J.C. Smith and P. Harriott, Unit Operations of Chemical Engineering, 5th Edition (McGraw-Hill book Co., New York, NY, 1993).  A good source for background theory.
(11)
Perry, R.H. and D. Green, editors, Perry’s Chemical Engineers’ Handbook, 6th Edition (McGraw-Hill Book Co., New York, NY, 1984).

(12)
Bird, R.B., W.E. Stewart and E.N. Lightfoot, Transport Phenomena, Revised 2nd Edition  (John Wiley & Sons, Inc., New York, NY, 2007). (more background theory)
