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Abstract

A virtual reality based chemical plant simulation has been developed for the study of safety and
hazard analysis in undergraduate chemical engineering.  The simulation focuses on a pilot plant
scale polyether polyol production facility, and also includes relevant features of the nearby
environment.  The virtual plant is based upon information and photographs collected from a real
nearby facility, but is not intended to accurately represent any real facility.

In the original implementation, students were given a written description of the facility
( including process chemistry and MSDS sheets ), and asked to explore the virtual plant to
identify both safety concerns and examples of safety systems in use.  They were then asked to
write an analysis of the overall safety of the plant, with recommendations for improvement.  A
comparative study of students using virtual reality versus students who based their analysis
solely on the written process description did not show the desired benefits, and therefore the
simulation has recently been revised.

The new version provides more directed student activity, through the use of specific questions to
be addressed during the simulation, as well as a scoring system to provide additional incentive.
Students must find and activate question-mark icons, which trigger full-screen photographic
images and auditory explanations of the situations at hand.  Students must then select a red,
yellow, or green light, to indicate whether the situation is dangerous, cautionary, or safe,
respectively.

Introduction and Background

Virtual reality, VR, is an emerging computer interface that employs three-dimensional
interactive immersive computer graphics, along with psychological and cognitive methodologies
and special interface devices, to invoke a strong sense of presence or “being there’ to users.
Although the ideal goal of a simulation indistinguishable from reality[1] has not yet been
achieved, many simulations have been developed that deliver very strong positive impact on
users[2-7].

The authors of this paper have been working for several years to develop applications of VR to
undergraduate chemical engineering education[8-12], with goals that include the determination
of the optimal applicability of VR to undergraduate engineering education.  Among the findings
is the conclusions that VR is best used in situations where the real thing is unavailable ( due to
physical, economic, logistical, or other constraints ), and in which 3-D viewing and/or a sense of
presence provide significant benefits.  One area that fits these criteria extremely well is the area
of safety, wherein hazardous environments can be safely “experienced” using VR.  This paper
describes a simulation that applies VR to safety education – the hazard analysis of a chemical
production facility – and how it has been recently improved.
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Process & Plant Description

The process featured in this simulation is a pilot-plant scale polyether-polyol production facility,
located on a river near a major metropolitan city in the upper Midwest United States.  Because a
proper hazard evaluation should also consider the nearby environment, the simulation includes
nearby homes and businesses as well as the production facility and support buildings.  The most
highly detailed area is inside the pilot plant, where reactors, scrubber systems, fire suppression
systems and other equipment are all modeled with as much detail as is practically possible for
educational VR.  ( Increased detail decreases execution speed.  There is a fine balance to be
achieved for simulations that must run on student-affordable personal computers. )

( It should be noted that although the simulation uses photographs and other information taken
from real chemical plants, the resulting simulation is not intended to be an accurate
representation of any real facility.  In particular, all proprietary information has been either
omitted or altered, and additional hazards have been introduced into the simulation that are not
present in the actual plants. )

The chemistry of polyether polyol production generally involves a polymerization reaction of
ethylene oxide or propylene oxide with multifunctional glycols, such as shown in Figure 1:
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Figure 1: Typical Polyether-Polyol Chemistry

The oxides are especially hazardous materials, because in addition to being both toxic and
flammable, they have an upper flammability limit of 100%, which means that they contain
enough oxygen in their own structures to support combustion, and will burn in the absence of
any external oxidant.  ( Inerting is insufficient to prevent combustion of these materials. )
Polymerization reactions are also well known as hazardous situations, and special care must be
taken to prevent and control runaway reactions, and to make sure that venting and drain systems
are capable of handling viscous polymeric materials.
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Initial Results

The initial implementation of this simulation asked students to explore the pilot plant and its
environs, and to prepare an evaluation of the hazards and safety systems present, along with their
recommendations for improvements.  In addition to VR, students were provided with a written
description of the facility and reaction chemistry, including material safety data sheet ( MSDS )
information for all chemicals present.  ( The VR simulation also includes an interactive help
feature, which provides additional information and equipment photographs on request. )

A two-year study was performed involving 300 total students, split into two groups each year.
Half of the students performed their evaluations using both the VR simulation and the written
description, while the other half used only the written description.  The student hazard
evaluations were then compared to determine the effect of the VR simulation.

The results included some notable papers in which the VR students made astute observations that
would not have been possible based solely on the written description, and in which a clear
understanding of the three-dimensional layout of the plant played an important role.  However,
the overall data did not show a statistically significant difference between the two groups.  By
contrast, a small number of students were taken to the real chemical plant, and their evaluations
were notably superior to the rest of the class.  This last result only goes to show that real reality
will always be better than virtual reality, when it is a viable option.  On the other hand, it should
also be noted that this opportunity could only be offered to fifteen students out of a class of 150
( one year only ), and that only ten of these fifteen were able to fit the trip into their schedules,
( mostly by skipping other classes. )

Interactive Refinements

Our conclusion from the above results was that the original implementation did not provide
students with sufficient directed activity.  Students let loose in a real chemical plant without any
guidance and merely told to “look around” probably would not learn much from that experience
either.  It was therefore decided to modify the simulation, to provide specific issues for the
students to consider, and a scoring system to provide incentive for careful thought.

The simulation was augmented with a series of “question mark” icons distributed throughout the
chemical plant and surrounding areas, with each icon corresponding to a different specific
situation for the students to evaluate.  When a student clicks on one of the question marks, a
photographic image fills the screen, and an auditory narration describes the situation at hand.
( Some scenarios entail multiple images and sounds played in series;  Some provision has been
made for movies or other media as opposed to still images, but that feature has not been fully
implemented. )  After the scenario has been presented, a series of three spheres appear next to the
question mark – one each of red, yellow, and green in a standard traffic light configuration, as
shown in Figure 2.  ( To be readily recognizable by color-blind individuals.  Note that the
electronic version of this paper contains full-color images that may not reproduce well on black-
and-white printers. )
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Figure 2: Sample Images Showing Question Mark Icons in the Chemical Plant

At this point the student must evaluate the scenario and select one of the three choices:

Red – Danger:  The situation presented is hazardous, quite likely to cause or
aggravate an accident if not corrected.  ( Examples:  unvented storage tanks
containing volatile components, undiked tanks adjacent to the river, and
employees drinking water from a sink in the production area. )

Yellow – Caution:  There are some dangers present, which must be carefully
considered.  However, the overall situation is neither especially dangerous nor
exemplary.  ( Examples:  housing located adjacent to the chemical plant, and a
grating floor for the upper levels of the pilot plant. )

Green – Exemplary:  This is an example of an effective safety system in action.
( Examples:  Double block and bleed feed control system, sprinkler systems,
process pressure-relief vent systems. )

Scoring System

The computer program maintains a “score” that is continuously updated and displayed on the
bottom edge of the screen, along with counters indicating how many questions have been found
and/or answered and how many remain.  Students receive one point for finding and activating
each question mark, and four points if they select the correct response on their first try, making
each question worth a maximum of five points.  If the students’ first choice is incorrect, then
they can receive two points for selecting the correct response from the remaining two choices;
No points are awarded for determining the answer by process of elimination.  Students can repeat
questions and answers as many times as they wish, however no points are awarded for repeat
selections.  The question data is all stored in a plain ASCII text file, such that the number and
makeup of the questions in the simulation can be easily changed.  For our purposes, there are
twenty questions for a total value of 100 points.
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Recommendations for Use

The purpose of this simulation is not so much to teach new information or to test students’
knowledge, but rather to stimulate reflective thoughts and discussion.  It is therefore
recommended that students go through the simulation in small groups of two or three, so that
they can discuss and debate the scenarios before ( and after ) selecting a response.  Some of the
scenarios lie in gray areas, and students ( or instructors ) may disagree with the answers
provided.  These questions can then provide the basis for a larger classroom discussion and
debate.  There is no reason to put heavy emphasis on the score, as students could easily repeat
the simulation to earn a perfect score with no educational gain.
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