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ABSTRACT 
 

A freshman engineering design experience course was offered at New Jersey 
Institute of Technology in spring term 1997. Professors Eugene Golub, Deran 
Hanesian, Hsin-Neng Hsieh and Angelo Perna, were teamed together to teach the three 
hour per week, fourteen weeks course. Five lectures were given in the first five weeks 
and topics were Introduction of the Course, Siting a Facility, Aspirin Manufacturing 
Industry, Soil Conditions and Cost Estimate, and Written and Oral Communication. 
Students were asked to go through literature search for the homework assigned. During 
the lecture, a video tape, "Opportunities in Environmental Engineering" (produced by 
Institute of Chemical Engineers) was shown. A field trip was arranged to visit the 
Hoffmonn LaRoche Pharmaceutical Manufacture Plant at Nutley, New Jersey. 
 

Students were then grouped into four teams to site a facility and to perform mass 
balance calculation for such an aspirin manufacturing facility. USGS Quadrangle map 
and soil information (prepared by Soil Conservation Service, US Department of 
Agriculture) in Somerset County, New Jersey were provided to each group. Students 
were asked to prepare a work schedule, which should include the followings: aspirin 
production estimate, size determination, preliminary site selection, sites and surrounding 
area study, research on environmental restrictions, research on political restrictions, 
economics study, cost analysis, and report preparation. Each team should select at least 
three sites for their detailed study and conduct a field recon of the project areas. After 
that, professors Golub and Hsieh met individually with each group every week to assess 
their progress and discuss the problems encountered. Their progress was measured 
according to their proposed schedule. On the other hand, professors Hanesian and Perna 
discussed with each term production estimates and mass balance calculations. Work on 
site selection and mass balances were assigned weekly. Each week, work turned in from 
the previous week was evaluated, discussed, and returned to the team. At the end of the 
semester, each team handed in a report and presented their findings regarding site 
selection and sapirin production requirements to the class. 
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New Jersey Institute of Technology 
 
FED 101- Freshmen Engineering Design (Spring 1997) 
Instructors: Dr. Eugene Golub 
 Office: 302A, Campbell Hall 

Tel: (201)596-2448 e-mail:golub@adminI.njit.edu 

Dr. Deran Hanesian 

Office: 374 Tiernan Hall 

Tel: (201)596-3597 e-mail:hanesian@admin.njit.edu 
 

Dr. Hsin-Neng Hsieh 
Office: 228 Otto Yorker CEES Bldg. 
Tel: (201)596-5859  e-mail: hsieh@adminl.njit.edu 

 
Dr. Angelo Perna 
Office: 376 Tiernan Hall 
Tel: (201)596-3616 e-mail:pema@admin.njit.edu 

Purpose of the course: Through basic engineering calculation and data analysis, students 
are working in groups to analyze and site a pharmaceutical manufacture plant. 

Week Topic Assignment* 
1 Lecture 1: Introduction to the course 

Video tape: "Opportunities in Environmental 
Engineering " 
 

Assignment 1 

2 Lecture 2: Siting a Facility  
3 Lecture 3: Aspirin Manufacturing Industry  
4 Lecture 4: Soil Conditions and Cost Estimate  
5 Lecture 5: Written and Oral Communication  
6 Site visitation (preliminary investigation)  
7 Field trip: Hoffmonn LaRoche Pharmaceutical 

Manufacture Plant 
 

8  Sites and surrounding area study 
Literature search on Aspirin 

 

9 Research on environmental restrictions 
Production and plant size estimate 

 

10 Research on political restrictions 
Mass balance 

 

11 Economics study 
MSDA search 

 

12 Cost analysis: construction cost, operation and 
maintenance cost 

 

13 Report preparation  
14  Students' oral presentation  
* Students are requested to conduct literature search for the  
assigned homework 



 

 

FED 101 
 
Student Reference Information: 

 
1. Siting a Facility Using Hazardous Materials 
2. "Raritan Quadrangle Maps" USGS Quadrangle map that contains the possible sites for 

consideration 
3. "Soil Survey - Somerset County" Soil Conservation Service, US Department of 

Agriculture. Reserved in the NJIT library. 
4. Assignments 



 

Lecture 1 
 
Introduction to the Course 



 FE 102 - 008 
 

SITING A FACILITY USING HAZARDOUS MATERIALS 

INTRODUCTION 
 
This engineering case study is designed for first year engineering students in an 
appropriate freshman engineering design course. The case study is in the environmental 
field and is appropriate for students in all engineering disciplines. The case study is 
designed to expose engineering students to the design process at an understandable level 
appropriate to their level of technical sophistication. In this particular study, the design 
process is illustrated through the siting of a facility. The facility in this study is a 
manufacturing facility using hazardous materials. 
 
MANUFACTURING FACILITY USING HAZARDOUS MATERIALS 
 
A number of industries use raw materials, employ chemical and physical processes, 
produce chemical products, and generate waste, if improperly managed can lead to 
environmental releases. Five principal types of industries which use or produce hazardous 
materials or wastes are: 
 
1. Organic Manufacturing Industry 

 
Organic manufacturing includes the production of oils, fats, and waxes; the sugar and 
starch industries, fermentation industries; food and food by-product industries; fragrances, 
flavors and food additives industries; the pesticide, herbicide and rodenticide 
manufacturing industries; and the surface coating industries. 
 
2. Inorganic Manufacturing Industry 
 
Inorganic manufacturing includes the ceramic industries; Portland cement and glass 
industries, chloro-alkali industries; electrolytic industries; phosphorus, potassium, nitrogen, 
sulfur and sulfuric acid industries, hydrochloric and miscellaneous inorganic chemicals 
industries; the metal plating industrial; and the photographic products industries. 
 
3. Steel Industry 
 
Steel manufacturing includes steel mills, rolling mills, scrap metal operations, iron 
foundries, smelting and associated coke ovens. 
 
4. Utilities/Energy Generation 



 
 

The utilities industry includes fossil fuel power plants; energy, fuels, air conditioning, 
and refrigeration industries; nuclear reactors and radioisotope production and disposal; 
and the explosive industries. 
 
5. Petrochemical Industry 
 
This category includes refineries; petroleum processing; petrochemicals industries; 
plastic and resins production; and cyclic intermediate and dye industries. 
 
HAZARDOUS MATERIAL 
 
Generally a hazardous chemical or waste is a material that is potentially dangerous to 
human health or the environment. Occupational Safety and Health Agency (OHSA) 
defines hazardous chemicals in terms of health hazards and physical hazards 
(Woodside 1993). 
 
Health hazard is assessed as either chronic or acute. In addition to these 
two classifications, there are specific health hazards which include the 
followings: 
 
• Carcinogens 
• Toxic chemicals 
• Reproductive toxins 
• Irritants 
• Hepatoxins (liver) 
• Corrosive chemicals 
• Neurotoxins (nervous system) 
• Sentisitizers 
• Nephrotoxins (kidney) 
• Agents that damage the blood, lungs, eyes, or skin 
 
A chemical is defined as physical hazard if there is scientific evidence that it is a 
combustible liquid flammable, explosive, pyrophoric, or unstable (reactive). 
Additionally, a chemical is deemed hazardous if it is a compressed gas, an organic 
peroxide, or an oxidizer. 
 
LEGISLATION ASPECT 
 
1. Toxic Substances Control Act of 1976 (TSCA) 

 
TSCA was enacted to regulate the introduction and use of new hazardous chemicals. 
Under TSCA regulations, industry must furnish data on the anticipated production, 
usage, and health effects of all new chemical substances and mixtures before they are 
manufactured for commercial distribution. TSCA also regulates the manufacture, 
processing, use, and disposal of all chemical substances by requiring the testing of 
potential harmful chemicals. 



 

 
 

2. Resource Conservation and Recovery Act of 1976 (RCRA) 
 
RCRA was promulgated to protect the quality of groundwater, surface water, the air, and 
the land from contamination by solid waste. It established the federal regulatory program 
for controlling hazardous waste and provide grants and technical assistance to the states 
to help improve their waste management techniques. It sets standards for the handling of 
hazardous wastes within a cradle-to-grave framework that originates with the generator 
and through handling, transporting, and treatment, and final disposal. 
 
3. Emergency Planning and Community Right to Know Act of 1986 (EPCRA) 

EPCRA was designed to help communities to prepare to respond in the event of a 
chemical emergency, and to increase the public's knowledge of the presence and threat 
of hazardous chemicals. It established a four parts program to: 
 
• define emergency planning structures at State and local levels and develop 

local emergency response plans; 
• require emergency notification of chemical release; 
• require notification of chemical use, storage, and production activities; and 
• report annual emissions 
 
4. Hazardous Materials Transportation Act (HMTA) of 1975 
 
This act regulates the transportation of hazardous materials. It gives the Department of 
Transportation the responsibility of regulating the packaging, container handling, 
labeling, vehicle placarding, and other safety aspects. 

DESCRIPTION OF THE STUDY 
 
The students will be provided with the following information: 
 
• USGS Quadrangle maps (Raritan Quadrangle), 
• Soil Survey information prepared by Soil Conservation Service (Somerset County). 
• Types and quantities of hazardous materials and hazardous wastes to be used and 

manufactured by the facility. 
• The manufacturing processes and land requirement. 
 
EXPECTED OUTCOMES OF THE STUDY BY THE STUDENTS 
 
The responsibility of the student teams includes the followings: 

 
Select a site within the area specified by the instructor for the industry described in 
this course. Student should recognize that there is no perfect solution: 



 

• Minimize the resultant cost of the facility. 
• Minimize the environmental consequences of the site selected. 
• The site selected should match the land area. 
• Consideration of access to facilities and impact of transportation of hazardous 

materials. 
• Availability of public utilities (power sources, water supply, waste treatment, 

etc.) in the areas of facilities. 
• Evaluate the risk if chemical leaks and reaches the residential community. 
• Evaluate the possible paths of pollution migration. 
 
Write a report justifying the recommended site selection and comparing to at least 
two other possible sites in the specified region. 
 
Each team presents a report to entire class and faculty instructor(s) as well as other 
department faculty. Other teams should challenge the presenting team in a 
professional manner. 



3. Cost comparison of the, three sites selected. 
 

Social - Political Issues 
 
1. Review the site under consideration by the team for historic and archeological 

values. A review of the literature and visit to the local/regional historic preservation 
societies can be helpful in this regard. 

2. Determine the route(s) to be taken by the trucks in transporting raw materials 
/products/waste to and from the industry. Characterize the impacts the community 
along the route(s) to be used. This would include the proximity to school, parks, 
residences, sensitive receptors, etc. 

Environmental Issues 
 
1. Utilizing the literature, determine the area of influence of the selected industry with 

regard to air emission, odor, etc. Utilizing these values and prevalent wind direction 
and magnitude in your area, determine the residences and facilities that will be 
impacted for the three sites under your review. 

2. Review the local literature (US Dept. of Agriculture - Soil Service Maps) to determine 
if the sites contain lands with high water tables. If so determine if this may impact site 
selection. 

3. Determine if any of your sites are in close proximity to local floodplains or wetlands. 
Consult local Flood Insurance Studies and national Wetland Inventory Maps. 

4. Review topography at the sites reviewed with respect to impact on the plant design 
and operation. 

5. Review sites with regard to habitat for threatened and endangered species. State and 
federal fish and game agencies can be of help in providing information in this area. 

6. Determine the impacts of the plant on the aesthetics of the site and suggest possible 
improvement. 

SUPPLEMENT TO ASSIGNMENT SHEET 
 
1: The students need to learn that there is no perfect or correct solution to a design 

project. All sites have positive and negative impacts associated with their selection. 
Some sites have impacts that are so severe that they automatically cause their 
immediate rejection, e.g. if the site is located in a floodplane. 

2. Each team conducts a field recon of the project area and selects three sites for their 
detailed study. Along with the recon, a photographic-video record is made for 
discussion with the instructor. 

3. Starting from the sixth week, the instructors will meet individually with each group to 
assess their progress. Their project schedule is measured according to their schedule. 
Work turned in from the previous week is evaluated and returned to the teams. 

4. Each team turns in a written report and orally presents the results of their study. 
During the presentation, the other teams challenge the conclusions drawn in a 
professional manner. 



 

5. Grading will be based on class attendance and participation, assignments, oral 
presentation, and written report. 

6. The final engineering report shall include, but not limited, the following: 
 
Title Page Table of Contents and List of 
Illustrations Narrative - including, but not 
limited to: 

Scope 
Design Criteria (site selection consideration in terms of environmental 

restrictions, political constrains, and economic aspects) 
Conclusions and Recommendations 
Appendices (supporting computations, documents, location map, soil map, etc.) 

The report must present its technical contents in a clear, direct, organized, and 
understandable manner. Technical competency and completeness should be demonstrated, 
and the specific format and presentation should be selected to best convey to the reader 
what is being recommended, and how and why these decision were reached. 
 

The report must be 8 1/2 x 11" in size. All plans must be folded to 8 1/2 x 11" size. 
 
7. Students are encouraged to use computer application programs for computations and 

reports (Word, Excel, etc.). A diskette with all computations and reports should be 
handed in with the final report. 

8. The work required to successfully to complete the course requirements is demanding 
and unlike other courses to which you have been exposed in the past. A balanced effort 
is required throughout the semester since it is impossible to perform the required work 
in one or two weeks. 

Partial List References for the Case Study 
1. "Environmental Law Handbook", 13th Ed., Government Institutes, Inc., 1995. 
2. Noble, G., "Siting Landfills and other LULUS", Technomic Publishing Co., 

Inc., Lancaster, PA, 1986. 
3. Wentz, C. A. "Hazardous Waste Management", McGraw Hill Book Company, 

New York, NY, 1989. 
4. Williams, E. A. and Massa, A. K., "Siting of Major Facilities", McGraw Hill 

Book Company, New York, NY, 1988. 
5. Woodside, Gayle, "Hazardous Materials and Hazardous Waste Management: 

A Technical Guide", John Wiley and Sons, Inc. New York, NY, 1993. 
6. "Means Building Construction Cost Data - 1996", R. S. Means Company, Inc., 

Kingston, MA, 1996. 
7. New Jersey Department of Health, "Hazardous Substance Fact Sheet." 
8. "Material Safety Data Sheets", Genium Publishing Corporation, Schenectady, 

New Jersey, 1990. 
9. US Department of Agruculture, "Soil Survey of Somerset County", Dec. 1976. 



 

Information regarding hazardous materials can be obtained from the following internet 
addresses: 
 
1. http://www.eps.gov/epahome/students.htm 
2. http://www.chem.uky.edu/resources 
3. http://www.fema.gov/fema/hazmat.html 
4. http://www.smsu.edu/adrnin/hazard.htnd 
5. http://www.ps.uga.edu/hazmat/manual 
6. gopher://atlas.chem.utah.edu.70/1 1/MSDS 



 

FE 102-008 Homework: 
Week 1 
 
1. How do Code of Federal Regulations (CFR) define the following terms: 

 
(1) Hazardous Material (49CFR100) 
(2) Hazardous Chemical (29CFR1910.1200 ) 
(3) Hazardous Waste (40CFR261) 

 
2. What is Material Safety Data Sheets (MSDS)? What information can be found in 

MSDS? Give one example. 
 
3. Hazardous materials can be found in the following locations within the home: kitchen, 

bathroom, garage, and utility/laundry room. Look at the labels of the following 
household chemicals and list the hazardous or toxic chemical components. 

 
(1) Toilet bowl cleaners 
(2) Batteries 
(3) Paints & thinners 
(4) Herbicides 
(5) Pool chemicals 
(6) Fluorescent bulbs 
(7) Radiator fluid 



 

Hazardous Manufacturing 
Facility 

• Organic Industry 
 

• Inorganic Industry 
 

• Steel Industry 
 

• Utilities/Energy Generation 
 

• Petrochemical Industry 



 

Transportation Incidents 
 
 Mode Accidents Death Injuries 
 Air 1,220 0 153 
 Highway 41,781 79 1,569 
 Railway 7,886 1 423 
 Water 83 1 35 
 Other 29 0 2 
 Total 50,999 81 2,182 



 

Health Hazard - Chronic/Acute 
 
 
 
   • Irritants 
    • Carcinogens and suspect carcinogens 
    • Mutagens 
    • Teratogens 



Legislation Aspect 
 
•  Toxic Substances Control Act of 1976 
• Resources Conservation Recovery Act of 1976 
• Emergency Planning and Community Right to Know 

Act of 1986 
• Hazardous Materials Transportation Act (HMTA) 

of 1975 



 

Toxic Substances Control Act 

 
• To regulate the introduction and use of new 

hazardous chemicals. 
 
• To regulate the manufacture, processing, use, and 

disposal of all chemical substances by requiring the 
testing of potential harmful chemicals. 



 

Resource Conservation and 
Recovery Act 

• To protect the quality of groundwater, surface 
water, the air, and the land from 
contamination by solid waste.  

 
• It sets standards for the handling of hazardous 

wastes that originates with the generator and 
through handling, transporting, and treatment, 
and final disposal. 



 

Emergency Planning and 
Community Right-to-Know Act 

• To help communities to prepare to respond in the 
event of a chemical emergency 

 
• To increase the public's knowledge of the presence 

and threat of hazardous chemicals. 



 

Hazardous Materials 
Transportation Act 

• To regulate the transportation of hazardous 
materials. 



 

Hazardous Waste Materials 

• Hazardous by definition 
• Hazardous characteristics: ignitibility, 

corrosivity, reactivity, or toxicity 



 

Hazardous by Definition 

• F waste: hazardous waste from non-specific 
source 

 
• K waste: hazardous waste from specific 

source 
 
• U/P waste: commercial chemical product 



 

Hazardous Characteristics 

• Ignitibility 
 
• corrosivity 
 
• Reactivity 
 
• Toxicity 



 

Identification of Hazardous 
Materials 

• Materials Safety Data Sheets (MSDS) 
• 40 CRF 261 (Code of Federal Regulations, Title 40, 

Section 261) 
• Radioactive Materials (10 CFR 20) 
•  Others 



 

FE 102-008 
Homework: Week 1 
 
1. How do Code of Federal Regulations (CFR) define the following terms: 

 
(1) Hazardous Material (49CFR 100) 
(2) Hazardous Chemical (29CFR1910.1200 ) 
(3) Hazardous Waste (40CFR261) 

 
2. What is Material Safety Data Sheets (MSDS)? What information can be found in 

MSDS? Give one example. 
 
3. Hazardous materials can be found in the following locations within the home: 

kitchen, bathroom, garage, and utility/laundry room. Look at the labels of the 
following household chemicals and list the hazardous or toxic chemical components. 

 
(1) Toilet bowl cleaners 
(2) Batteries 
(3) Paints & thinners 
(4) Herbicides 
(5) Pool chemicals 
(6) Fluorescent bulbs 
(7) Radiator fluid 



Lecture 2 
 
 
Siting a Facility 



SITING A FACILITY USING HAZARDOUS MATERIALS 

PLANNING 

Design, construction, and operation a facility is an engineering project. For this 
to be successful and efficiently operated, proper planning along with the sound 
engineering principles is essential in every phase of the project. Most operational 
problems can be prevented in the initial development stages. This is easier and more 
economical than correcting the defects after they occur. 

Feasibility 
 

The first phase of planning for a facility project concerns feasibility. It can be safely 
assumed that this facility is technically and physical practicable today; so the question 
becomes that of the economical and political feasibility of selecting a suitable site and meeting 
all of the expenses and restrictions associated with operating the site. 
 

One important issue that has to be taken into account in the feasibility analysis is public 
opposition. According to the environmental regulations, public hearings have to be held to 
address the concerns of the community. Often, a proposed developer will have problems with 
the site's neighbors. There often exists a "not in my backyard" (NIMBY) syndrome among the 
public. Citizens opposing the site will seek to prevent site implementation by testifying against 
the site at public hearings and by filing law suits directly seeking to overturn or prevent 
regulatory agency approvals. 
 

Factors that most affect the economic feasibility of a project are: 
 

1. the availability of a suitable site at reasonable cost, 
2. the volume of raw materials and wastes produced, 
3. the distance that materials or waste must be transported, 
4. the cost of equipment and local labor wage rates, 

 
Planning process for a new facility can be divided into the following steps: 

 
1. Establish goals and gather political support. 
2. Identify facility design basis and need. 

          3. Identify potential sites within the region 
4. Select and evaluate in detail the most desirable sites. 
5. Select best site for development. 
6. Obtain regulatory approval of site. 

Funding 
 

The cost of developing a facility is quite high. Funds for the initial investigation, 
preparation of the report, construction, and so on must be obtained for planning purposes. 



 

A proper estimate for each stage of the proposal preparation and the flow of necessary 
funds must be studied. Discussion regarding the availability of funds with the 
person(s) dealing with the budget is essential. Funding is a very critical issue for 
facilities owned publicly or by giant corporation. 
 

SITE SELECTION CONSIDERATIONS 
 

Proper selection of a suitable site is essential in order to avoid problems that may 
occur later. Site selection should consider the local geotechnical  hydro-geological and 
the climatic conditions. 
 

DATA COLLECTION 

 
 

Usually, several sites may be considered for locating the facility. To aid in final 
selection, several maps and other information need to be studied to collect data within 
the search radius. The following information is needed: topographic maps, soil maps, 
land use plans, and transportation plans. Brief discussion of each of these items follows. 
 
Topographic Maps 

 
The topography of the area indicates low and high areas, natural surface water 

drainage pattern, streams, and wetlands. A topographic map will help find sites that are 
not on natural surface water drains or within a wetland. USGS Quadrangle maps will 
be useful for this purpose. 
 
Soil maps 
 

These maps, primarily meant for agricultural use, will show the types of soil near 
the surface. Although these maps are partly useful for siting of natural attenuation type 
facilities, they have very little use for containment type facilities. Type of soil will affect 
degree of attenuation and the need for liners. Surficial soils with lower permeability are 
preferable for siting. Soil Survey published by the US Department of Agriculture should 
be available in for local library. 
 
Land Use Plans 
 

These plans are useful in delineating areas with definite zoning restrictions. 
There may be restrictions on the use of agricultural land or on the use of forest land 
for wastewater treatment facility purposes. These maps are used to delineate possible 
sites that are sufficiently away from localities and to satisfy zoning criteria within the 
search area. 

 
Transportation Maps 



 

These maps, which indicate road and railways and locations of airports, are used 
to determine the transportation needs in developing a site. Allowable axle loads on 
roads leading to a potential site must be studied to find out whether any road 
improvement will be necessary. 

Water Use Plan 
 

Once potential areas are delineated the water use in those areas must be 
investigated. A plan indicating the following items should be developed: private and 
public wells indicating the capacity of each well, major and minor drinking water supply 
line(s), water intake jetty located on surface water bodies, and open wells. 
 
Flood Plain Maps 
 

These maps are used to delineate areas that are within a 100 year flood plain. 
Siting of facilities must be avoided with the flood plains of major rivers. A facility may 
be constructed near an intermittent stream if additional protection measures (e.g., levee) 
are implemented. 
 
Geological Maps 

 
These maps indicate geological features and are very important for glaciated 

regions. A general idea about soil type can be developed from a geologic map. These 
maps are also very helpful in identifying clay borrow sources. In nonglaciated regions the 
maps may be used to identify predominantly sandy or clay areas. 
 
Aerial photographs 
 

Aerial photographs may not exist for the entire search area. Once a list of potential 
site is developed aerial photographs or preferably a photogrammetric survey of each of 
the potential sites may prove to be extremely helpful. Surface feature such as small lakes, 
intermittent stream beds, and current land use, which may not have been identified in 
earlier map searches, can be easily identified using aerial photographs. 
 
Seismic Hazard Maps 
 

If the site is within a seismic impact zone, data regarding design earthquake ground 
motions such as maximum horizontal velocity and maximum horizontal acceleration have 
to be considered. Seismic hazard maps published by appropriate government 
organizations may provide the required information. 
 
Considerations to Mitigate Environmental Damage 



To prevent environmental damage, the following site conditions have to be 
avoided for selection as facility sites unless the suitability of the site can be adequately 
demonstrated. 

Airport area 
 

If new, expanding and existing units are located near airport runway, the owner 
and/or operator of the facility must show that the facility does not pose a bird hazard to 
aircraft. New, expanding and existing facilities must be located at least 10,000 feet (3048 
m) from airport runways utilized by jet aircraft or at least 500 feet (1524 m) from airport 
runways used by piston/propeller aircraft, unless it can be demonstrated that a hazard 
from birds does not exist. 
 
Wetlands 

 
New units and expansions should not be located in wetlands unless the owner and/or 

operator can demonstrate that the proposed facility will not influence the environment, 
will not degrade the wetland, and an alternative is not practically acceptable, in which 
case suitable and prescribed mitigatory measures are undertaken. 
 
Fault area 
 

New units and expansions should not be located within 200 feet of a fault that has 
had displacement in Holocene time unless the owner or operator can prove that an 
alternative setback distance of less than 200 feet will prevent damage to the structural 
integrity of the wastewater treatment facility. 

 
Seismic area 
 

New units and expansion units should not be located in seismic impact zones which 
are defined as lithified areas having greater than 10% possibility of a maximum 
horizontal acceleration of 0.01g (where g refers to the natural gravitational acceleration 
of the earth) in 250 years, unless otherwise demonstrated to the state. 

 
Floodplains 
 

New units and expansions of waste disposal facilities must not be located in the 
100 year flood plain, nor can they interfere with the 100 year flood event or pose a threat 
to human health and environment. 

 
Lake, pond or river 
 

In case if a facility is to be located within 300 feet (100 m) of any navigable lake, 
pond, river or stream, the owner/operator of the wastewater treatment facility may have to 
demonstrate to the regulatory agency that there will be no concerns regarding runoff 



 

waste contact water. Otherwise, a surface water monitoring program may have to 
be established. 
 
Highway or Public Parks 
 

Siting of facilities within 300 feet (100 m) of a highway or a park may require 
special provisions such as use of trees or berms to screen the site and/or a high fence and 
a secure gate to restrict easy access. 
 
Critical Habitat Area 

 
No waste disposal facility may be constructed within a critical habitat area. A 

critical habitat area is defined as one in which one or more endangered species live. It is 
sometimes difficult to define a critical habitat area. If in doubt, the regulatory agency 
should be consulted. 
 
Unstable Areas 

 
New, expanding and existing units must not be placed in unstable areas, which 

are defined as areas of potential landslide. All components of the facility must remain 
intact and be protective of human health and environment. 

 

Water Table 
 

An important parameter to be looked at is water table. It is undesirable to have 
high groundwater table in a treatment facility. 

 

PLANNING ASSOCIATED WITH SITE DEVELOPMENT 
 

In order to ensure that the public has good reason for accepting a new facility, 
adequate engineering planning is required. The first step is to survey the proposed site 
with the assistance of competent professionals. Evaluation maps should be prepared 
based on the survey. The type of facility best suited for the particular location under 
examination should be selected. Recommendations should be offered as to construction 
and location of all-weather access roads. Depths of fill at various locations on the site 
should be tentatively determined. If on-site materials are not suitable for construction, 
off site sources have to be considered. By providing suitable culverts, proper drainage 
throughout the site can be ensured. 

 
Administration buildings, utilities, water supply for fire and dust control should be 

planned. A logical sequence of operations should be developed by the engineer before 
the construction, and is to be updated along with site specifications at various stages of 
completion. This could be accomplished with the use of bar charts and CPM techniques. 
Contingency operations for equipment or weather problems should be prepared. 



 
An ideal facility will meet the following requirement: 
 
1. Conforms with the land use planning of the area 
2. Easily accessible in any weather to vehicles during the operation of the 

wastewater treatment facility and 
3. Safeguards against potential surface and ground-water pollution 

Subsurface Investigations  
 

A properly conducted subsurface exploration program is necessary for site 
selection. This will consist of a combination of borings, test pits, and other field testing 
methods, and laboratory tests. It is essential to obtain information regarding statigraphic 
profiles of soils. Samples will have to be obtained from all soil types, especially the 
natural subbase soils, so that tests can be conducted to determine the strength, stability 
and settlement characteristics. Suitability of subsurface materials for construction has to 
be looked into also. The number of borings and the depth of each boring should be 
enough to accomplish the objective and hence will be site-specific. 

Seismic Hazard Investigations  
 

In sites located within the seismic impact zone, additional investigations to find seismic 
design parameters should be undertaken. The two mechanisms that can cause damage to a 
facility are: 1. strong ground motion and 2. displacement of the ground below or adjacent to the 
facility due to movement along a fault. The strong ground motion may cause liquefaction of 
subsoil leading to substantial settlement of the facility base. 
 

It is recommended that investigations regarding the existence of faults below a proposed 
site should be undertaken for sites located within a seismic impact zone. Such investigations of 
the existence of faults are costly. A stepped approach may be used, which would eliminate 
unnecessary cost and time required for the investigation. The suggested steps are: 
 

1. Review of the published seismic data. 
2. Review of subsurface exploration data to determine if a fault exists. 
3. A geologic reconnaissance survey of the area. 
4. Review of the regional seismological and geological history. 
5. Geophysical investigations utilizing one or more of the following: seismic 
refraction/reflection, gravimetric survey, and magnetic survey. 
6. Angular borings. and 
7. Test trenching to search for evidence of recent faulting. 

 
Usually the first four of the above steps will provide adequate information regarding the 

possibility of the existence of a fault. Steps 5 through 7 are undertaken only when strong 
evidence regarding the existence of fault is found in the first four steps. Since it will 



 
be very expensive to perform all these investigation, it is preferable to avoid 
locating wastewater treatment facilities in seismic impact zones. 
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Aspirin Manufacturing Industry 

Aspirin is a non-prescription drug commonly used as an analgesic agent. Over 80 
billion tablets were sold in the United States 1992 alone. The aspirin manufacturing 
industry is selected for the study. Site selection and development for such a 
manufacturing facility is considered for this engineering design course. This section 
outlines the background, history, and the chemical processes involved in the production 
of Aspirin. 

I. Background 
 

Other than being used as an analgesic agent, Aspirin is also used as a pain 
reliever; antipyretic, or fever reducer; and anti-inflammatory agent. Its activity is based 
on chemicals called salicylates, originally derived from willow and other plants. 
Modern aspirin- acetylsalicylic acid- was synthesized in a laboratory in the late 
nineteenth century and introduced into wide spread medical use in the United States in 
1899. 
 

Aspirin is most effective in relieving slight to moderately severe pain, 
particularly headaches, muscle aches, and joint pains. Because it suppresses 
inflammatory processes while relieving pain, it is still the treatment of choice for 
arthritis and related disorders. Aspirin reduces fever increasing blood flow to the 
surface, thereby promoting sweating and heat loss from the body. In recent years it has 
been used as a prevention against stroke and heart attacks because of its ability to thin 
blood. 
 

Aspirin is considered a relatively safe drug. Its major drawback is its ability 
to irritate the lining of the stomach and cause bleeding. In large doses aspirin is 
toxic, causing kidney damage and in severe cases, death. 
 
II. History 
 

In 1886, two Alsatain interns, Drs. Kahn and Hepp ordered naphthalene, from 
a nearby pharmacists. This substance did not have the effect they were looking for, 
but it did lower the patience fever. They soon found out that their order was mixed 
up. They had received acetanilid, a coal and tar derivative that was never given to 
humans before. 
 

At the time there were only three compounds known to have the same fever 
reducing effect. They were salicylic acid, quinine, and antipyrine. Salicylic acid was a 
modern version of an herbal potion made from the bark of the white willow. Its 
properties were firmly established by the Reverend Edward Stone. The active ingredient 
in willow bark turned out to be a bitter-tasting yellow crystal now called salicin. French 
chemists later synthesized a simpler version, salicylic acid. 
 

Quinine had been used to treat malaria since the seventeenth century. It was 
an excellent antipyretic but was extremely hard to synthesize. This drove its cost up 
to an unsatisfactory level. 



The newest of the three was antiphrine. It was discovered by Ludwig Knorr in 
1883. It was also the drug rediscovered by Kahn and Hepp. As a result, they were unable 
to patent acetanlid. So, they renamed it Antifebrin and began to promote the drug under 
its new name. 
 

Carl Duisberg became the supervisor of Bayer's research facility the year of 
Antifebrin's introduction. When he saw its success he told his research staff to develop a 
process that would turn the waste pare-nitrophenol into acetanilid. He called this new 
drug Phenacetin. 
 

Duisberg's accomplishment was revolutionary. For the first time a drug had been 
conceived, developed, tested, and marketed by a private company. This was the 
beginning of the modern drug industry, the marriage of science and business. 
 

By 1903 Bayer had grown enormously. As a result Carl Duisberg began looking 
for a site in America to build a new factory. The construction of this plant in 
Rensselear, New York was the foundation for the "great aspirin wars." 
 

Aspirin makers have been slugging it out over the same ground ever since. They 
have reasons for this, in America alone 2.7 billion dollars worth of aspirin were sold in 
1990. This fierce competition has brought about many changes to aspirin. Some 
companies have added ingredients such as caffeine and antacilids, while others have 
added special coatings. How ever, all of these companies still use the same active 
ingredient that was invented in 1897, acetylsalicylic acid. None of these new aspirins 
have been proven to be any more effective then the original. 
 
III. Hazardous Materials in Manufacturing Processes 
 

During the production of aspirin, a few raw materials can become a major threat 
to the health of those working with these chemicals. Phenol, salicylic acid, sodium 
hydroxide, sodium sulfate, sulfuric acid, toluene, acetic anhydride, and the final product 
of aspirin can all be considered a hazardous material. Student will be asked to look for 
their hazardous properties from Material Safety Data Sheets (MSDS). A sample of 
MSDS is shown in Appendix. 

 
Phenol imposes a serious health hazard. It is moderately flammable, has a slight 

reactivity, and is very corrosive to contact with human touch. Upon contact it can cause 
sever burns. If swallowed, or inhaled it can cause death. It has a threshold limit value of 
5 ppm, a short term exposure limit of 10 ppm ,and a permissible exposure limit of 5 ppm. 
The major organs affected by phenol are the kidneys, liver and skin. Eye, skin, and 
breathing equipment should always be used when handling phenol. 

 
Salicylic acid is a slight health hazard. It is slightly flammable, with a 

slight reactivity, and a moderate danger to contact. It causes irritation on contact, 
and is



 

salicylic acid. If overexposure occurs, blindness, nausea, and upper respiratory 
infection may occur. It targets the eyes and skin. 
 

Sodium hydroxide is a severe health hazard. It is moderately reactive, with an 
extreme danger to contact. A vent hood, goggles, lab coat, and gloves should always be 
used when working with sodium hydroxide. It is classified as a poison, and causes 
severe burns. It has a threshold limit of less than 1 ppm, and a permissible exposure 
limit of less than 1 ppm. It targets the eyes, skin and respiratory systems. In cause of 
ingestion, never induce vomiting. 
 

Sodium sulfate only causes a slight problem when in contact with the skin. 
Safety glasses and a lab coat are always recommended for use while working with 
sodium sulfate. It only causes slight irritation of the skin. 
 

Sulfuric acid is a severe health hazard. It is a severe reactive chemical, with an 
extreme hazard to contact. While working with sulfuric acid, a lab coat, goggles and 
shield, an apron, a vent hood, and gloves are always recommended. It is classified as a 
poison and can cause severe burns. Concentrated Sulfuric Acid reacts very violently 
with water. The threshold limit value is less than 1 ppm, with a permissible exposure 
limit of less than 1 ppm. It targets the skin, eyes, respiratory system and the teeth. 
 

Toluene is a moderate health hazard. It is severely flammable, with a slight 
contact hazard. Safety glass, a lab coat, a vent hood, and a class b extinguisher are 
always recommended while working with toluene. Toluene causes irritation and may be 
fatal if swallowed. Toluene should be kept away from heat, fire, and sparks. Water may 
be ineffective in putting out the fire of toluene. Alcohol foam, carbon dioxide or a dry 
foam must be used. It has a threshold limit value of 100 ppm, with a short-term exposure 
limit of 150 ppm, with a permissible exposure limit of 200 ppm. Upon ingestion or 
inhalation it may cause a headache as well as nausea, vomiting and gastrointestinal 
irritation. It targets the central nervous system, liver, kidneys, and the skin. 
 

Acetic anhydride is a severe health hazard. It has a moderate flammability, a 
moderate reactivity, and a severe contact hazard. A lab coat, goggles, vent hood, 
proper gloves, and a class b extinguisher are needed while working with acetic 
anhydride. It is classified as a poison, is easily combustible, and causes severe burns. 
Water is ineffective against acetic anhydride. It has a threshold limit value of 5 ppm, a 
permissible exposure limit of 5 ppm. Upon contact will cause severe burns in the 
mouth and stomach. It will target the respiratory system, eyes, skin and teeth. 
 

Finally, the finished product aspirin has a slight health hazard. It is slightly 
flammable with a slight contact hazard. A lab coat, and goggles are always 
recommend when working with aspirin because of possible skin irritation. It has a 
threshold limit value of less than 1 ppm. The dust may even irritate the eyes. 

 
IV. Process of Manufacturing 



 

 

 

 

 

The chemical reaction to produce Aspirin (acetyl salicylic acid) is a result of a 
two step process involving numerous reactions of materials. The processes are shown in 
Figures 1 to 4. Figures 1 and 2 illustrate the raw materials used and chemicals produced. 
Figures 3 and 4 give the details of step-by-step manufacturing process. The equipment 
used and processes involved are described in the following paragraphs: 

1. Mixer: The manufacturing of Aspirin begins when phenol is mixed with caustic 
soda (sodium hydroxide), sodium phenolate is the product in this process. 

3. Dissolver: Water dissolves the sodium salicylate and activated carbon is added 
to remove color by absorption. The solid activated carbon is removed in a 
filter, reactivated and recycled. . 

 
4. Precipitator: The sodium salicylate solution is mixed with sulfuric acid 

which precipitates the salicylic acid. 

5. Centrifuges: The precipitated salicylic acid is removed from the sodium sulfate 
solution and sent to another drier. 

 
6. Drier: The salicylic acid is purified by sublimation sent to packing and finally sold. 



 



 



 



 



 

 

salicylic acid + acetic anhydride 4 acetylsalicylic acid + acetic acid 



 

There are wastes produced during the manufacturing processes that require 
attention. 
 

Two waste products are produced in step I, activated carbon and sodium sulfate 
are produced. Activated carbon can be regenerated through heat treatment. Sodium 
sulfate can be collected and be sold. Phenol may also be present and it can be recovered 
and treated, or recycled. A wastewater treatment facility on site can be installed for the 
phenol wastewater treatment. 

Problem 
 
1. Develop Material Safety Data Sheets (MSDS) for all chemical reactants and products 

in the manufacture of Aspirin. 
 
2. Determine the size of the production facility through the determination of growth of 

U. S. population, growth of U. S. Aspirin production, the need of Aspirin in year 

2007, and the share of Aspirin market can be captured. 
 
3. Determine the quantities of all raw materials needed and all by-products formed. 

Assume 100 percent conversion in each step and a process yield of 95% in each step. 
 
4. Specify the waste streams, the quantities, and suggest a method of disposal. 
 
5. What pollution prevention improvement can be made to the process to reduce the References 
 
1. Bureau of the Census, U. S. Department of Commerce, "Population 1900-1990; Center 

of Population", 1992, World Almanac. 

2. "Endangered and Threatened Wildlife of New Jersey", 1996, New Jersey State Gov., 

Internet address: http://www.state.nj.us. 

3. Flieger, K. "Americas 80 Billion Aspirin Habit", 1994, Medical Sciences Bulletin. 

 Internet address: http://phamiinfo.com/cgi-bin/ 
4. Mann, Charles C. and Plummer, Mark L., "The Aspirin Wars", 1993, Harvard 

Business School Press, Boston, MA. 

5. "Material Safety Data Sheets", 1996, University of Utah, Internet address: 

gopher://gopher.chem.utah.edu/I 1/MSDS. 
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Soil Conditions 
 
I. Soil and Rock Investigations 
 
The designer of a steel structure can not proceed without knowing the physical properties 
of the steel. The soil and rock formation s under the structure are just as much a part of the 
structural system as the steel structure. However, whereas designers can control the 
character of the man-made materials, they have little control over the character the soil and 
rock. Therefore, either the design must be adapted to the site conditions or else the site 
conditions must be improved. In either case it is imperative that these conditions be 
evaluated accurately. 
 
A complete investigation of underground conditions includes the following points: 
 
1. Nature of the deposits (geology, recent history of filling, excavation, and flooding) 
2. Depth, thickness, lateral extent, elevations, and composition of each. soil and rock 
 stratum. 
3. Groundwater elevations and their differences across the site. 
4. The engineering properties of the soil and rock strata that affect the performance of 
 the structure. 
 
An investigation consists of three steps: 
 
1. Reconnaissance: To determine the geology of the formations and to estimate the soil 
 rock, and water conditions through geologic study and site inspection, 
2. Exploratory investigation: To determine the depth, thickness, and composition of the 
 soils and rocks, the level of groundwater, and to estimate the engineering properties of 
 the materials through soil boring and sampling.. 
3. Intensive investigation: To secure quantitative data on critical strata from which 
 design computation can be made. 
 
An examination of the site and the adjacent areas will real much valuable information. The 
topography, drainage pattern, erosion pattern, vegetation, and land use reflect the 
underground conditions, particularly the structure and texture of the soil and rock. Highway 
and railroad cuts and stream banks often disclose the cross section of the formations and 
indicate the depth of rock. Outcrops of rock or areas of gravel and boulders may indicate the 
presence of dikes and more resistant strata. Groundwater conditions are often reflected in 
the presence of seeps, springs, and the type of vegetation. 
 
II. Use of Foundation 
 
 
 



 

1. Composition of Soil: By definition, soils include all unconsolidated materials which 
 are composed of many different ingredients in all three states - solids, liquid, and 
 gases. The same applies to many rocks. 
2. Engineering Soil Classification: Textural classifications group soils by their grain size 
 characteristics. The gravel and large sizes are disregarded and the particles finer than 
 2 mm in diameter are divided into three groups, sand sizes, silt sizes, and clay sizes. 
 The soils are then grouped by the percentage of each of these three components. 
 Clayey soils are classified by plasticity characteristics which are based on the 
 interaction of clay and water. 
3. Bearing Capacity The bearing capacity of a soil is the ability of the soil to carry a load 
 without failure within the soil. It is analogous to the ability of a beam to carry a load 
 without breaking. 

The foundation is the supporting part of a structure. The term is usually restricted to the 
structural member that transmits the superstructure load to the earth, but in a large sense it 
includes the soil and rock below. The design depends on the characteristics of both the 
structure and the soil and rock. There are two types of foundations: 
 
1. Shallow foundation: Footing and mats are commons used. A footing is an 
 enlargement of a column or wall in order to reduce the pressure on the soil to 
 maximum allowable. A-mat is a combined footing supporting multiple structural 
 elements not located in the same line. 
2. Deep foundation: Piles and Piers (Caisson) foundation are used. Piles are used in 
 many ways. Bearing piles that support foundation loads by transferring the load of the 
 structure through soft strata into stronger, incompressible soils or rock below. 
 Friction piles transfer load to surrounding soil by friction or adhesion. Tension piles 
 are used to resist upward forces. Laterally loaded piles support loads applied 
 perpendicular to the axis of the pile in foundations subject to horizontal forces. The 
 pier foundation is a relatively large, deep foundation. Its function is to transfer a 
 foundation load through soft soil to hard soil or rock or to transfer a load through soils 
 that may be scoured away by rivers or tidal currents. 

III. Effect of Groundwater 
 
Groundwater is a factor to be considered in several ways. First, excavation below the 
groundwater level is expensive and often hazardous because upward seepage loosens 
sands and tends to create a quick condition, and water standing over exposed clays 
softens them. Second, when the groundwater level is above the lowest level floor, 
seepage into the structure and hydrostatic uplift become series problems. Third, changes 
in the elevation of the water table have caused much trouble such as building settlement 
and decreasing of soil strength. 
 
IV. Hazardous Waste Contaminated Sites 



 

 

 

There are over 100 New Jersey Superfund sites on the National Priorities List at the end 
of 1988. Remediation Investigation and Feasibility Studies were conducted on some of 
these sites. In addition, there are more small sites with less contamination and were not 
on the list. NJ Department of Environmental Protection has established an element of 
community relations activities which is called the Land Information Program. It provides 
information concerning hazardous waste sites to prospective home buyers, realtors, 
banks, and other public agencies. It can be reached by calling (609)633-2325. 



 



 

 

1. Engineering Cost 
 

The cost of an engineering project can be divided into three parts: initial investment, 
construction costs, operation and maintenance cost. 
 

Initial investment is the costs spent from the point of the beginning of the plan of a 
new facility to the time the construction permit is received. It includes the following: 
 
• Feasibility analysis 
• Legal services 
• Financial services 
• Engineering investigation 
• Environmental assessment 
• Engineering design 
• Land purchase and 
• Other fees 
 
 Costs of some items can be expressed as percentages of total construction costs 
based on engineering experience: For instance, engineering investigation fees, 
environmental impact analyses and engineering design fees can be about 10% of 
construction costs. Some items may vary from case to case. For example, feasibility 
analysis is related to the size of the project and types of investigation conducted. 

Construction costs usually include the following cost: 
 
• Site preparation 
• Building construction (superstructure structure and foundation) 
• Equipment (elevators, equipment for manufacturing process) 
• Plumbing 
• Electric system 
• HVAC 
• Communication system (computer network, telephone) 
• Waste treatment and disposal 
• Landscaping 
• Drainage 
• Access roads 
• Miscellaneous items such as fences, alarm system, monitoring devices. 
• Interior decorations. 
• Administration fees and overheads 
 

These costs depend on the site conditions and engineering design. In the 
construction costs, the labor costs make up about 40-50 percent of the costs, the 



 

equipment costs account for 30-40 percent, and the remaining 20 percent is administration 
fees and overheads. 
 
 Costs of site preparation and excavation include costs for site cleaning, excavation, 
grading, slope protection, and erosion control. The unit prices used in the estimates can 
be found on National Construction Estimator Data (Kiley, 1994) and Means Site Work & 
Landscape Cost (1996). 

Total operation and maintenance is about 40-70 percent of the total project costs. 
Costs included in this part are: 
 
• Transportation of raw materials and products 
• Utilities 
• Maintenance of roadways, structure, and equipment. 
• Administration fees and overheads 
 
2. Earthwork and Excavation 
 
The selection of construction equipment for structural excavation and bulk excavation or 
for grading is determined by the following factors: 
 
• Quantities of material 
• Type of material 
• Depth or height of cut 
• Length of haul 
• Condition of haul road 
• Accessibility of site 
• Moisture content and dewatering requirements 
• Availability of excavating and hauling equipment 
 
3. Use of Means Cost Data 

Reference 
"Means Building Construction Cost Data - 1996", R. S. Means Company, Inc., Kingston, 

MA, 1996. 
"Means Site Work & Landscape Cost Data", 15th ed., Kingston, MA. Means Company, 
 Inc. 1996.. 
Kiley, M. and N. K. Martin. 1994. "Construction Estimator" 42nd ed. Carlsbad, Calif: 

Craftsman Book Company. 
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Appendix B 
 
Written and Oral Communication 



 
VI. Written and Oral Communication 

The net result of any experimentation and measurements is to convey the 

facts from the investigator's mind to that of interested readers (6). Hence, good 

communication abilities, both written and oral, are paramount and are probably 

the most important part of the investigations. Most of the time the ability to 

communicate effectively both in written form and oral form will determine the 

level of promotion of an individual. Good writing and good speaking abilities are 

very important and are a life-time endeavor. We never reach perfection as long as 

we live-but we must always try to reach perfection as long as we live. 

 

We will consider reports 

 

• Written 

• Oral 
A. Written Reports . 
 

1. Generally speaking, we will consider only three types 
of written reports. These are: 

 

• Research 

• Memo 

• Letter 

A research report is a very detailed, lengthy report on 

an investigation. A memo report is less detailed than a 

research report but has sufficient detail for the reader. A letter 

report usually is an executive summary of the study and gives 

the reader the key significant facts, results, conclusions and 

recommendations. Often, 

". . . the real ability of a technical man remains 

unrecognized because the results of his work are poorly 

presented." Fre' Hoffman Rhodes, "Technical Report 
Writing" 1941 (6).    



 

 
a) The purpose of a written report is to convey a 

set of facts from the mind of the writer to 
that of the reader. The report must be written 
with 

 

• Clarity 

• Precision 

• and Completeness 
 
b) The literary prose used in ordinary, 

nontechnical writing is 
 

• Effective without being precise, 

• Suggests rather than defines, and 

                      • Implies rather than states. 
 
 
 
c) Technical prose, on the other hand, must 

focus on 
 

• Essentials 

• Being clear and definite 

For technical prose, 
 

(1) The writer must understand the 
material that he/she is trying to 
present 

 
(2) The material must be complete and 

organized 
 
(3) The results must be presented in 

logical order, for example, 
 
 

(a)experimental method. 
(b)experimental results 
(c) conclusions 
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The report must be written in good language (English 

in the U.S.) and must have good sentence structure. 

Good formatting with proper paragraphing is essential. 

The report must be ,complete yet it must be concise 

because a concise report is easier to follow. 

d) The requirements of a good report are: 
 

• Clearness 

• Completeness 

• Proper organization of material 

• Correctness of presentation 

2. The steps in report writing are: 
 

• Collect data 

• Assemble data 

• Analyze data 

• Outline the report 

• the organization and order in 

which various topics are to be 

discussed with 
 

• Divisions 

• Subdivisions 

It is very important to first prepare a detailed 

outline of what is to be discussed prior to any writing. 
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3. After the report is written, 
 

Ask yourself, 
•    Is the discussion clear? 

 
•    Is the discussion complete? 

 
•    Is the material logically arranged? 
•  Have all unnecessary words and statements been 

eliminated? 
• Are there any errors in grammar, punctuation, or 

spelling? 

4. All tables and graphs should be near the point 
of discussion not all in the back of the report. 

 
5. Correct styles, conventions and correct usage 

of words is essential. 

Technical reports are usually written in impersonal style. 
For example, 

Do not write: 

 I opened the valve. 

 We measured the distillate flow. 

Instead, write: 

 The valve was opened. 

 The distillate flow was measured. 
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a) Sentences should be properly structured. 

A good sentence length averages about 17 
words because short sentences are too choppy and 
long sentences are too hard to follow. 

Example: 
 

A vertical kettle was used. It was cylindrical and 
made of steel. The kettle was three feet in 
diameter. It was six feet high. Both the top and the 
bottom were dished. It was provided with a steam 
jacket. 

This paragraph can be better stated in one 
sentence: 

 

The kettle was a vertical, steam jacketed, steel 
cylinder, three feet in diameter and six feet high, 
with dished heads. 

b) The selection of words is very important. 
For example, the word obtained is used as: 

• Temperatures are obtained 
 
• Samples are obtained 

The word obtained is used instead of the 
words 

collected, drawn, taken, removed, read, 
computed, calculated, estimated, derived, 
or measured. 

The word undoubtedly means certainly. 
Therefore, do not use probably when you 
mean undoubtedly. 



 

 

6. Colloquial expressions are never used. 

For example, to write, "the agreement is not too good" is a 
colloquial usage. 
 
It is better to write, "The agreement is rather poor". 

B. Organization of a Report (Formal) 
 

As stated, report forms discussed are: 
 

• Formal (research) 
 

• Memo 
 

• Letter 
 

The formal or research report is the most detailed. The 
structure of a research report is as follows: 

1. Title: The title must be brief, but clear. For example, 

"BATCH FILTRATION OF DIATOMACEOUS 
EARTH IN A PLATE AND FRAME FILTER." 

 
and 
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"DISTILLATION OF METHANOL-WATER IN 
A SIEVE TRAY COLUMN." 

Do not use titles such as: 
 

FILTRATION 
or 

DISTILLATION 

2. Table Of Contents 
 
3. Abstract 

The abstract should state: 
 
• what you did 
 
• what the results are 
 
• what the conclusions are 
 
• what the recommendations are 

 
The abstract must, in very short paragraph form, give the 

reader a complete overview of the study. To learn how to write 
good abstracts, study abstracts written in good technical 
journals. 

4. Introduction 
 
The writer should include somewhere in the report, the 

• Purpose of work 
 
Why. is filtration of slurries in a 
plate and frame press important? 

 
• Previous work in literature 
 
• Theory - if significant 



 

The writer must separate and 
discuss only the theory pertinent to 
the study. 

 
5. Apparatus 

A clear and complete sketch of the apparatus must be 
presented. The narrative accompanying the sketch must be 
complete. 

Example 
In the study of heat transfer, for a heat 

exchanger, describe the number and order of passes, 
number of tubes in each pass, and the ID, OD or BIG 
of each tube, the length of tubes, the material, the shell 
diameter, and the number and type of baffles, etc. 

 
In the first paragraph of the narrative, which 
accompanies the sketch, give the overview of the 
equipment. 

 

In succeeding paragraphs give more details. 

6. Procedure 
 
In the first paragraph of the procedure section, give 

an overview. 
 
In the succeeding paragraphs give many more 

specific details. 
 
Present a flow sheet of the system and always 

assume that the reader has intelligence and will 
understand. For example, don't say: 

"The steam was turned on by opening the 
valve in the steam line." 
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There is no discussion in this section of the report. 
 
10. Recommendations 

Recommendations are presented in terse form 
also. For example, 

9. Conclusions 
Conclusions are presented in terse form. For 

example, 
The conclusions of this study are: 

1. 
2. 
3. 

The reader knows that steam is turned on by 
opening a steam valve. 

 
From the written report, the reader must be able to 

operate the system to reproduce the data that were measured, 
if necessary. 

 
7. Experimental data 

Experimental data is presented in tables, graphs, 
charts, etc. Tables and graphs must be complete and 
detailed. 

8. Discussion 
 
In writing a discussion, refer to the detailed outline of 

the study that was prepared. This procedure wi ll insure that the 
report is written in logical order and is complete. 

 
First, introduce with what was done, then discuss results 

in logical order from the outline, with the proper conclusions 
at each point of discussion. 

Errors should also be presented in the discussion. 



 

The recommendations of this study are:  
1. 
 2. 
 3. 

 
There is no discussion in this section of the report. This 

section gives what you, as the investigator, feel is necessary 
for further studies. 

 
11. Bibliography 

The bibliography or reference section should be clear. 
 
It is wise to check textbooks, journal articles, etc. for proper 

form. For example, 
 

Book 
Felder, R. M. and Rousseau, R W. "Elementary 
 Principles Of Chemical Processes", Second Ed., 
 p.351, John Wiley & Sons, New York, 1986 

Journal Articles 
Ronald, M.C., "Investigation of the Teaching of English in 
Technical Schools" J. Eng. Educ. 43-, L17 (1941) 
 
Patents 
Carlin, G. B. and C. U. Laytor, US Patent 1, 475, 236 
 (Aug. 12, 1971) 

12. The Nomenclature used must be clearly defined. 
 
13. The Appendix contains all important but not 

necessarily high priority data. For example, 
 
• Sample calculations 
 
• Unimportant calibration graphs 
 
• Data charts from recorders 
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1. Poor presentations are usually the result of 
 
• Lack of practice and 
 
• Lack of skill in speaking 

The definition of the terms in the equations can be 
presented with the equation in the main body of the report (as 
above), or one can place the definition of terms in the 
nomenclature section. 

All units in technical reports, especially technical 
publications, are in SI units. Certain corporations in the U.S. 
may prefer the English system of units. 

C. Oral Reports 
 
The ability of an investigator to speak before a large or 

small audience is paramount. It is an invaluable asset which the 
investigator must develop. This development, like writing, is a life 
long process of trying to achieve perfection. Each presentation 
made should be better than the preceding one. 
In making oral presentations, 
 

•    everyone must strive to be an effective speaker and 
• we must all remember that everyone is nervous at 

first. 



 

We do not read a paper before an audience and we must 
avoid "aaah"S" Or “uh’s’’. 
 
We do not speak to the blackboard, and not only to the key 
people in the audience, but always to the entire audience. 
 
Our speaking style should be conversational and not 
monotonous and, hence, boring. 
 

2. A good presentation can be assured if we: 
 
•   Prepare good audio-visual material which is 

not cluttered 
•   Practice the presentation 
• Overcome the nervousness of the first few 

minutes of the presentation 
• Speak to the audience, the entire audience and not 

only to key people 
• Have the material well organized such that it is 

logical and easy to follow 
 

3. In your presentation, tell the listeners: 
 
• What you will tell them 

• Then tell them 

• Then tell them what you have told them 

 

In other words, always 
1. Introduce the main points that you will be 

discussing, then 
2. Explain each point in detail, and finally, 
3. Review and summarize the points that you have 

discussed. 
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Field Trip: Hoffmonn LaRoche 

Pharmaceutical Manufacture Plant 



 
 



 
 



 


