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ABSTRACT

A freshman engineering design experience course was offered at New Jersey
Ingtitute of Technology in spring term 1997. Professors Eugene Golub, Deran
Hanesian, Han-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 assgned. During
the lecture, avideo tape, "Opportunitiesin Environmenta Engineering” (produced by
Ingtitute of Chemica Engineers) was shown. A field trip was arranged to vist the
Hoffmonn LaRoche Pharmaceutica Manufacture Plant a Nutley, New Jersey.

Students were then grouped into four teams to Site afacility and to perform mass
baance 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 awork schedule, which should include the followings aspirin
production estimate, Sze determination, preliminary Site selection, Stes and surrounding
area study, research on environmenta restrictions, research on political regtrictions,
economics study, cost andlysis, and report preparation. Each team should sdlect at least
three Stesfor their detailed study and conduct afield recon of the project areas. After
that, professors Golub and Hseh 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 cdculations. Work on
gte selection and mass balances were assigned weekly. Each week, work turned in from
the previous week was evauated, discussed, and returned to the team. At the end of the
semester, each team handed in areport and presented their findings regarding site
selection and sapirin production requirements to the class.
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New Jersey Ingtitute of Technology

FED 101- Freshmen Engineering Design (Spring 1997)
Instructors. Dr. Eugene Golub
Office: 302A, Campbell Hall
Tel: (201)596-2448 e-mail:golub@adminl.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 Y orker 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 caculation and data andlys's, students

are working in groups to analyze and site a pharmaceutical manufacture plant.

Week | Topic Assgnment*

1 Lecture 1: Introduction to the course Assgnment 1
Video tape: "Opportunities in Environmental

Enginesring "

Lecture 2. Siting a Facility

Lecture 3: Aspirin Manufacturing Industry

Lecture 4: Soil Conditions and Cost Egtimate

Lecture 5: Written and Ora Communication

Site vigtation (prdiminary investigation)

N[OOI A~WIN

Feld trip: Hoffmonn LaRoche Pharmaceutical
Manufacture Plant

8 Sites and surrounding area study
Literature search on Aspirin

9 Research on environmentd restrictions
Production and plant Sze estimate

10 Research on paliticd redtrictions
Mass balance

11 Economics study
MSDA search

12 Cogt analyss: construction cost, operation and
mai ntenance cost

13 Report preparation

14 Students ora presentation

* Students are requested to conduct literature search for the
assigned homework




FED 101

Student Reference Information:

1 Siting aFadlity Usng Hazardous Materias
2. "Raritan Quadrangle Maps' USGS Quadrangle map that contains the possible stes for
congideration

3. "Soil Survey - Somerset County” Soil Conservation Service, US Department of
Agriculture. Reserved inthe NJIT library.
4, Assgnments

Instructor Reference Information:

[o—

. “Encyclopedia of Chemical Technology, 4” Ed.”, Edited by J. I. Kroschwitz and M.
Howe-Grant, Wiley, New York, 1991.

2. Sax, I. N. and Lewis, R. J,, Sr., “Dangerous Properties of Industrial Materials, 7th
Ed.“, Van Nostrand Reinhold, New York, 1989..

3. Mann, C. C. and Plummer, M. L., “The Aspirin Wars”, Harvard Business School
Press, Boston, 1991.

4. Austin, G. T., “Shreve’s Chemical Process Industries, 5th Ed.”, McGraw-Hill, New
York, 1984.

5. McKetta, J. J. “Encyclopedia of Chemical Processing and Design, Vol. 4”, M. Dekker,
New York, pp. 24 - 30, 1977.

6. Uliman, F. “Encyclopedia of Industrial Chemistry, 5® Ed., Vol. A23”, Weinheim,
Federal Republic of Germany, Deerfield Beach, FL., USA, pp. 477 - 483, 1985.

7. Chemical Engineering, 55, March 1948, pp. 136 - 139.

8. Chemical Engineering, 60, June 1953, pp. 116 - 120.

9. Chemical Reviews, 57, 1957, pp. 583 - 620.



Lecture 1

Introduction to the Course



FE 102 - 008

SITING A FACILITY USING HAZARDOUSMATERIALS

INTRODUCTION

This engineering case study is designed for firg year engineering sudentsin an

appropriate freshman engineering design course. The case study isin the environmenta
fiedd and is gppropriate for sudentsin dl engineering disciplines. The case Sudy is
designed to expose engineering students to the design process at an understandable level
gppropriate to their level of technica sophigtication. In this particular sudy, the design
processis illudrated through the siting of afacility. The fadility inthisstudy isa
manufacturing facility usng hazardous materias.

MANUFACTURING FACILITY USING HAZARDOUS MATERIALS

A number of indugtries use raw materids, employ chemica and physica processes,
produce chemica products, and generate waste, if improperly managed can lead to
environmentd releases. Five principa types of industries which use or produce hazardous
materias or wastes are:

1. Organic Manufacturing Industry

Organic manufacturing includes the production of ails, fats, and waxes, the sugar and
garch industries, fermentation industries; food and food by-product industries; fragrances,
flavors and food additives industries; the pesticide, herbicide and rodenticide
meanufacturing indudtries, and the surface coating indusiries,

2. Inorganic Manufacturing Industry

Inorganic manufacturing includes the ceramic indudtries; Portland cement and glass
indugtries, chloro-akai indudtries; eectrolytic industries; phosphorus, potassum, nitrogen,
sulfur and sulfuric acid indudtries, hydrochloric and miscellaneous inorganic chemicals
indudtries; the meta plating industrial; and the photographic products indudtries.

3. Sted Industry

Steel manufacturing includes sted mills, rolling mills, scrap meta operations, iron
foundries, smelting and associated coke ovens.

4. UtilitiesEnergy Generation



The utilities industry includes foss| fuel power plants; energy, fuds, air conditioning,
and refrigeration industries; nuclear reactors and radioisotope production and disposd;
and the explosive industries.

5. Petrochemica Industry

This category includes refineries, petroleum processing; petrochemicas industries,
plastic and resins production; and cyclic intermediate and dye industries.

HAZARDOUS MATERIAL

Generdly ahazardous chemicd or waste is a materid that is potentialy dangerousto
human hedlth or the environment. Occupationa Safety and Hedth Agency (OHSA)
defines hazardous chemicas in terms of hedlth hazards and physical hazards
(Woodside 1993).

Hedlth hazard is assessed as either chronic or acute, In addition to these
two classfications, there are specific hedth hazards which include the
followings

* Carcinogens

* Toxic chemicads

* Reproductive toxins

* [rritants

* Hepatoxins (liver)

» Corrosive chemicas

* Neurotoxins (nervous system)

* Sentigtizers

* Nephrotoxins (kidney)

 Agents that damage the blood, lungs, eyes, or skin

A chemicd is defined as physicd hazard if there is scientific evidencethat it isa
combustible liquid flammable, explosive, pyrophoric, or unstable (reactive).
Additionally, a chemicd is deemed hazardousiif 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 hedth effects of al new chemica substances and mixtures before they are
manufactured for commercid digtribution. TSCA aso regulates the manufacture,
processing, use, and disposdl of al chemica substances by requiring the testing of
potentid harmful chemicds.



2. Resource Conservation and Recovery Act of 1976 (RCRA)

RCRA was promulgated to protect the quaity of groundwater, surface water, the air, and
the land from contamination by solid waste. It established the federd regulatory program
for controlling hazardous waste and provide grants and technica 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 trestment, and fina 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
chemica emergency, and to increase the public's knowledge of the presence and threat
of hazardous chemicals. It established afour parts program to:

» define emergency planning structures at State and locd levels and develop
local emergency response plans,

* require emergency notification of chemica release;

» require notification of chemicd use, storage, and production activities, and

* report annua emissons

4. Hazardous Materids Transportation Act (HMTA) of 1975

This act regulates the trangportation of hazardous materids. It gives the Department of
Trangportation the respongbility 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),

e Soil Survey information prepared by Soil Conservation Service (Somerset County).

* Typesand quantities of hazardous materials and hazardous wastes to be used and
manufactured by the facility.

e Themanufacturing processes and land requirement.

EXPECTED OUTCOMESOF THE STUDY BY THE STUDENTS
The responghility of the sudent teams includes the followings.

Sdect a gte within the area specified by the ingtructor for the industry described in
this course. Student should recognize that there is no perfect solution:



*  Minimize the resultant cost of the fadlity.

* Minimize the environmenta consegquences of the Site selected.

» The Ste sdected should match the land area.

e Condderation of accessto facilities and impact of transportation of hazardous
materials.

» Avallability of public utilities (power sources, water supply, waste trestment,
efc) inthe areas of facilities.

» Evduatetherisk if chemical lesks and reaches the resdentiad community.

» Evauate the possible paths of pollution migration.

Write areport justifying the recommended Ste selection and comparing to at least
two other possible sitesin the specified region.

Each team presents a report to entire class and faculty instructor(s) as well as other
department faculty. Other teams should chalenge the presenting team in a
professond manner.

PROJECT ASSESSMENT

Select three possible sites in the area of the study to be evaluated for their appropriateness
as locations for a hazardous material manufacturing facility

Review the packet distributed by the instructor on the manufacturing process for such
hazardous material(s) as background for the study.

Technical Information

1. The manufacturer will produce/process Ib/day of
. The area required for this manufacturing process is
acres. The following chemicals will be used as raw materials and

solvent in this process . The following
hazardous waste will be generated during the production

and will be treated by
(technology).

2. Prepare a Hazardous Substance Fact Sheet for the material used in the process, which
should include the following information for each of the toxic materials: Hazard
summary, identification, workplace exposure limits, how to determine if you are being
exposed, ways of reducing exposure (health hazard information, workplace control
and practices, personal protection equipment, and handling and storage)

Economics
1. Minimize cost of facility construction and general maintenance.

2. Minimize cost of hazardous substances/wastes handling, transportation, storage, and
treatment.



3. Cost comparison of the, three sites selected.

Socid - Political 1ssues

1. Review the site under consideration by the team for historic and archeologicdl
vaues. A review of the literature and visit to the loca/regiond historic preservation
societies can be hdpful in this regard.

2. Determine the route(s) to be taken by the trucks in transporting raw materias

/products/waste to and from the industry. Characterize the impacts the community
aong the route(s) to be used. Thiswould include the proximity to school, parks,
residences, sengitive receptors, €etc.

Environmenta 1ssues

1.

Utilizing the literature, determine the area of influence of the selected industry with
regard to air emisson, odor, etc. Utilizing these values and prevaent wind direction
and magnitude in your area, determine the residences and facilities that will be
impacted for the three Sites under your review.

Review the locd literature (US Dept. of Agriculture - Soil Service Maps) to determine
if the gtes contain lands with high water tables. If so determineif this may impeact Ste
section.

Determineif any of your Stes are in close proximity to loca floodplains or wetlands.
Consult loca Flood Insurance Studies and national Wetland Inventory Maps.
Review topography at the Stes reviewed with respect to impact on the plant design
and operation.

Review steswith regard to habitat for threatened and endangered species. State and
federd fish and game agencies can be of help in providing information in this area.
Determine the impacts of the plant on the aesthetics of the Ste and suggest possible
improvemen.

SUPPLEMENT TO ASSIGNMENT SHEET

1. The students need to learn that there is no perfect or correct solution to adesign
project. All sites have positive and negative impacts associated with their selection.
Some stes have impacts that are so severe that they automaticaly cause their
immediate rgjection, e.g. if the siteislocated in a floodplane.

2. Each team conducts afield recon of the project area and sdlects three sites for their

detailed study. Along with the recon, a photographic-video record is made for
discussion with the ingtructor.

3. Sarting from the sixth week, the ingtructors will meet individudly with each group to

assess their progress. Their project schedule is measured according to their schedule.
Work turned in from the previous week is evauated and returned to the teams.

4. Eachteam turnsin awritten report and oraly presents the results of their study.

During the presentation, the other teams challenge the conclusonsdravnin a
professond manner.



5. Grading will be based on class attendance and participation, assgnments, ora
presentation, and written report.
6. Thefind engineering report shdl include, but not limited, the following:

Title Page Table of Contentsand List of
[llustrations Narrative - including, but not
limited to:
Scope
Design Criteria (dte sdection congideration in terms of environmentd
restrictions, political constrains, and economic aspects)
Conclusons and Recommendations
Appendices (supporting computations, documents, location map, soil map, etc.)
The report must present its technica contentsin a clear, direct, organized, and
understandable manner. Technica 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 gpplication programs for computations and
reports (Word, Excd, etc.). A diskette with dl computations and reports should be
handed in with the find report.

8. Thework 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 Snce it isimpossible to perform the required work
in one or two weeks.

Partial List References for the Case Study
1 "Environmental Law Handbook", 13th Ed., Government Ingtitutes, 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 Massg, A. K., "Siting of Mgor Facilities', McGraw Hill
Book Company, New York, NY, 1988.
5. Woodsde, Gayle, "Hazardous Materias and Hazardous Waste M anagement:
A Technica Guide", John Wiley and Sons, Inc. New York, NY, 1993.
6. "Means Building Congruction Cost Data- 1996", R. S. Means Company, Inc.,
Kingston, MA, 1996.
7. New Jersey Department of Hedlth, "Hazardous Substance Fact Sheet.”
8. "Materid 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 materids can be obtained from the following internet
addresses:

1. http://Amww.eps.gov/epahome/students.htm
2. http:/Amww.chem.uky.edu/resources

3. hitp:/Mmww.femagov/femalhazmat.html

4. http:/Aww.smsu.edw/adrnin/hazard.htnd

5. http:/Aww.ps.uga.eduw/hazmat/manua

6. gopher://atlas.chem.utah.edu.70/1 /M SDS



FE 102-008 Homework:
Week 1

1 How do Code of Federa Regulations (CFR) define the following terms:

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

2. What isMaeriad Safety Data Sheets (MSDS)? What information can be found in
MSDS? Give one example.

3. Hazardous materids 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 chemicas and ligt the hazardous or toxic chemica components.

(1) Toilet bowl cleaners
(2) Batteries

(3) Paints & thinners
(4) Herbicides

(5) Pool chemicas

(6) Fluorescent bulbs
(7) Radiaor fluid



Hazardous Manufacturing
Facility

 Organic Industry

e Inorganic Industry

e Steel Industry
 Utilities/Energy Generation

 Petrochemical Industry



Transportation | ncidents

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

* [rritants

 Carcinogens and suspect carcinogens
» Mutagens

e 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.

- |t 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 achemical emergency

* Toincrease 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
e Hazardous characteristics: ignitibility,
COorrosivity, reactivity, or toxicity



Hazardous by Definition

* F waste: hazardous waste from non-specific
source

o K waste: hazardous waste from specific
source

o U/P waste: commercial chemical product



Hazardous Characteristics

e [gnitibility
e COrrosivity
e Reactivity

e Toxicity



| dentification of Hazardous
Materials

* Materias Safety Data Sheets (MSDYS)
e 40 CRF 261 (Code of Federal Regulations, Title 40,

Section 261)
* Radioactive Materials (10 CFR 20)

e Others



FE 102-008
Homework: Week 1

1. How do Code of Federad Regulations (CFR) define the following terms:

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

2. What is Materid Safety Data Sheets (MSDS)? What information can be found in
MSDS? Give one example.

3. Hazardous materids can be found in the following locations within the home:
kitchen, bathroom, garage, and utility/laundry room. Look at the labels of the
fallowing household chemicals and list the hazardous or toxic chemica components.

(1) Toilet bowl cleaners
(2) Batteries

(3) Paints & thinners
(4) Herbicides

(5) Poal chemicds

(6) Huorescent bulbs
(7) Rediator fluid



Lecture 2

Siting a Facility



SITING AFACILITY USING HAZARDOUS MATERIALS

PLANNING

Design, congruction, and operation afacility is an engineering project. For this
to be successful and efficiently operated, proper planning adong with the sound
engineering principlesis essentid in every phase of the project. Most operational
problems can be prevented in the initid development stages. Thisis easer and more
economical than correcting the defects after they occur.

Feasibility

The firgt phase of planning for afacility project concerns feasibility. It can be safely
assumed that this facility istechnicaly and physica practicable today; so the question
becomes that of the economica and palitica feashility of sdecting a suitable Ste and meeting
all of the expenses and restrictions associated with operating the Ste.

One important issue that has to be taken into account in the feasibility analysisis public
opposition. According to the environmenta regulations, public hearings have to be held to
address the concerns of the community. Often, a proposed developer will have problemswith
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 Ste implementation by testifying against
the dte 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 aproject are:

1. the availability of a suitable Site at reasonable codt,

2. the volume of raw materids and wastes produced,

3. the distance that materials or waste must be transported,
4. the cogt of equipment and locd |abor wage rates,

Panning process for anew facility can be divided into the following steps:

1. Egtablish gods and gather politica support.

2. |dentify facility design basis and need.

3. ldentify potentid sites within the region

4. Sdect and evauate in detail the most desirable Sites.
5. Select best site for development.

6. Obtain regulatory approva of ste.

Funding

The cogt of developing afadility is quite high. Fundsfor the initid investigation,
preparation of the report, construction, and so on must be obtained for planning purposes.



A proper estimate for each stage of the proposa preparation and the flow of necessary
funds must be sudied. Discussion regarding the availability of funds with the

person(s) deding with the budget is essentid. Funding isavery critica issue for
facilities owned publicly or by giant corporation.

SITE SELECTION CONSIDERATIONS

Proper sdection of a suitable Steis essentia in order to avoid problems that may
occur later. Site selection should consider the loca geotechnica  hydro-geologicd and
the climatic conditions.

DATA COLLECTION

Usudly, severd sites may be considered for locating the facility. Toad infina
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 trangportation plans. Brief discussion of each of these items follows.

Topographic Maps

The topography of the areaindicates low and high aress, natural surface water
drainage pattern, streams, and wetlands. A topographic map will help find Sites that are
not on natural surface weater drains or within awetland. USGS Quadrangle maps will
be useful for this purpose.

Soil maps

These maps, primarily meant for agriculturd use, will show the types of soil near
the surface. Although these maps are partly useful for Sting of natural attenuation type
fadilities, they have very little use for containment type facilities. Type of soil will affect
degree of attenuation and the need for liners. Surficid soils with lower permeshility are
preferable for Sting. Soil Survey published by the US Department of Agriculture should
be avalablein for locd library.

Land Use Plans

These plans are useful in delinesting areas with definite zoning redtrictions,
There may be redtrictions on the use of agricultura land or on the use of forest lad
for wastewater trestment facility purposes. These maps are used to delineste possible
gtesthat are sufficiently away from localities and to satisfy zoning criteriawithin the
search area

Transportation Maps



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

Water Use Plan

Once potentia areas are delinested the water use in those areas must be
investigated. A plan indicating the following items should be developed: private and
public wels indicating the capacity of each well, mgor and minor drinking water supply
ling(s), water intake jetty located on surface water bodies, and open wells.

Flood Plain Maps

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

Geological Maps

These mapsindicate geologica features and are very important for glaciated
regions. A genera idea about soil type can be devel oped from a geologic map. These
maps are dso very helpful in identifying clay borrow sources. In nonglaciated regions the
maps may be used to identify predominantly sandy or clay aress.

Aerial photographs

Aerid photographs may not exist for the entire search area. Once alist of potential
Steisdeveloped agrid 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 easlly identified using aerid photographs.

Seismic Hazard Maps

If the Ste iswithin a seismic impact zone, data regarding design earthquake ground
moations 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.

Consderationsto Mitigate Environmental Damage



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

Airport area

If new, expanding and exigting units are located near airport runway, the owner
and/or operator of the facility must show that the facility does not pose abird hazard to
arcraft. New, expanding and exigting 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, unlessit can be demonstrated that a hazard
from birds does not exig.

Wetlands

New units and expansions should not be located in wetlands unless the owner and/or
operator can demonstrate that the proposed fadility will not influence the environment,
will not degrade the wetland, and an dternative is not practicaly acceptable, in which
case suitable and prescribed mitigatory measures are undertaken.

Fault area

New units and expans ons should not be located within 200 feet of afault that has
had displacement in Holocene time unless the owner or operator can prove that an
dternative setback distance of less than 200 feet will prevent damage to the Structurd
integrity of the wastewater trestment facility.

Seismic area

New units and expansion units should not be located in seismic impact zones which
are defined aslithified areas having greater than 10% possibility of amaximum
horizontal accderation of 0.01g (where g refersto the natura gravitationd acceleration
of the earth) in 250 years, unless otherwise demondtrated to the State.

Floodplains

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

Lake, pond or river
In caseif afadility isto be located within 300 feet (100 m) of any navigable lake,

pond, river or stream, the owner/operator of the wastewater treetment facility may have to
demondtrate to the regulatory agency that there will be no concerns regarding runoff



wadte 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 ahighway or apark may require
gpecia provisions such as use of trees or bermsto screen the site and/or a high fence and
a secure gate to restrict easy access.

Critical Habitat Area

No waste disposd facility may be condructed within a critica habitat area. A
critical habitat areais defined as one in which one or more endangered specieslive. 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 potentia landdide. All components of the facility must remain
intact and be protective of human hedlth and environment.

Water Table

An important parameter to be looked at iswater table. It is undesirable to have
high groundwater table in a trestment 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 isto survey the proposed site
with the assstance of competent professionals. Eval uation maps should be prepared
based on the survey. The type of facility best suited for the particular location under
examination should be sdlected. Recommendations should be offered as to congtruction
and location of al-westher access roads. Depths of fill a various locations on the Site
should be tentatively determined. If on-site materias are not suitable for construction,
off ste sources have to be considered. By providing suitable culverts, proper drainage
throughout the Site can be ensured.

Adminigration buildings, utilities, water supply for fire and dust control should be
planned. A logica sequence of operations should be developed by the engineer before
the congtruction, and is to be updated dong with Ste specifications at various stages of
completion. This could be accomplished with the use of bar charts and CPM techniques.
Contingency operations for equipment or weether problems should be prepared.



Anided fadlity will meet the following requirement:

1. Conforms with the land use planning of the area

2. Eadly accessible in any wesgther to vehicles during the operation of the
wadtewater treatment facility and

3. Safeguards againgt potentid surface and ground-water pollution

Subsurface I nvestigations

A properly conducted subsurface exploration program is necessary for site
sdection. Thiswill condgst of acombination of borings, test pits, and other field testing
methods, and laboratory tests. It is essentia to obtain information regarding statigraphic
profiles of soils. Samples will have to be obtained from al soil types, especidly the
natural subbase soils, so that tests can be conducted to determine the strength, stability
and settlement characterigtics. Suitability of subsurface materials for congtruction hasto
be looked into aso. 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 I nvestigations

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

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

1. Review of the published seismic data.

2. Review of subsurface exploration detato determine if afault exigts.

3. A geologic reconnaissance survey of the area

4. Review of the regiond seismologicd and geologicd higory.

5. Geophyscd investigations utilizing one or more of the following: saismic
refraction/reflection, gravimetric survey, and magnetic survey.

6. Angular borings. and

7. Test trenching to search for evidence of recent faulting.

Usudly thefirg four of the above steps will provide adequate information regarding the
possibility of the existence of afault. Steps 5 through 7 are undertaken only when strong
evidence regarding the existence of fault isfound in the first four steps. Since it will




be very expensive to perform al these investigation, it is preferable to avoid
locating wastewater trestment facilitiesin seigmic impact zones.
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Aspirin Manufacturing Industry

Aspirin is anon-prescription drug commonly used as an analgesic agent. Over 80
billion tablets were sold in the United States 1992 aone. The aspirin manufacturing
industry is sdlected for the study. Site sdlection and development for such a
meanufacturing facility is consdered for this engineering design course. This section
outlines the background, history, and the chemica processes involved in the production
of Agpirin.

|. Background

Other than being used as an andgesic agent, Aspirinisaso used asapan
reliever; antipyretic, or fever reducer; and anti-inflammeatory agent. Its activity is based
on chemicds cdled Hicylates, origindly derived from willow and other plants
Modern aspirin- acetylsdicylic acid- was synthesized in alaboratory in the late
nineteenth century and introduced into wide spread medical use in the United Statesin
1899.

Aspirin ismogt effective in relieving dight to moderately severe pain,
particularly headaches, muscle aches, and joint pains. Because it suppresses
inflammatory processes while rdieving pain, it is il the trestment of choice for
arthritis and related disorders. Apirin reduces fever increasing blood flow to the
surface, thereby promoting sweating and heat |oss from the body. In recent yearsit has
been used as a prevention against stroke and heart attacks because of its ability to thin
blood.

Aspirin is congdered ardaively safe drug. Its mgor drawback isits ability
to irritate the lining of the somach and cause bleeding. In large doses aspirinis
toxic, causing kidney damage and in severe cases, degth.

[1. History

In 1886, two Alsatain interns, Drs. Kahn and Hepp ordered naphthalene, from
anearby pharmecists. 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, acod 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 sdicylic acid, quinine, and antipyrine. Sdicylic acid was a
modern verson 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
inwillow bark turned out to be a bitter-tasting yellow crystd now caled sdicin. French
chemigs later synthesized asmpler verson, sdicylic acid.

Quinine had been used to treast maaria since the seventeenth century. It was
an excdlent antipyretic but was extremdy hard to synthesize. This drove its cost up
to an unsatisfactory levd.



The newest of the three was antiphrine. It was discovered by Ludwig Knorr in
1883. It was dso the drug rediscovered by Kahn and Hepp. As aresult, 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 fecility the year of
Antifebrin'sintroduction. When he saw its success he told his research staff to develop a
process that would turn the waste pare-nitrophenol into acetanilid. He cdled this new
drug Phenacstin.

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

By 1903 Bayer had grown enormoudy. As aresult Carl Duisberg began looking
for agtein Americato build anew factory. The condtruction of this plant in
Renssdlear, New Y ork was the foundation for the "great aspirin wars.”

Aspirin makers have been dugging it out over the same ground ever since. They
have reasons for this, in Americadone 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 specid coatings. How ever, dl of these companies gill use the same active
ingredient that was invented in 1897, acetylsdicylic acid. None of these new aspirins
have been proven to be any more effective then the origind.

I1l. Hazardous M aterials in Manufacturing Processes

During the production of aspirin, afew raw materials can become a mgjor threet
to the hedlth of those working with these chemicas. Phenal, sdicylic acid, sodium
hydroxide, sodium sulfate, sulfuric acid, toluene, acetic anhydride, and the fina product
of aspirin can al be consdered a hazardous materia. Student will be asked to look for
their hazardous properties from Materia Safety Data Sheets (MSDS). A sample of
MSDS is shown in Appendix.

Phenol imposes a serious hedth hazard. It is moderately flammable, has adight
reactivity, and is very corrosive to contact with human touch. Upon contact it can cause
sever burns. If swallowed, or inhded it can cause degth. It has athreshold limit vaue of
5 ppm, a short term exposure limit of 10 ppm ,and a permissible exposure limit of 5 ppm.
The mgor organs affected by phenol are the kidneys, liver and skin. Eye, skin, and
breathing equipment should aways be used when handling phenal.

SHicylic acid isadight hedth hazard. It isdightly flammable, with a
dight reactivity, and a moderate danger to contact. It causesirritation on contact,
andis



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

Sodium hydroxide is a severe hedlth 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 classfied as a poison, and causes
severe burns. It has athreshold limit of lessthan 1 ppm, and a permissible exposure
limit of lessthan 1 ppm. It targets the eyes, skin and respiratory systems. In cause of
Ingestion, never induce vomiting.

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

Sulfuric acid is a severe hedlth hazard. 1t is a severe reactive chemicd, with an
extreme hazard to contact. While working with sulfuric acid, alab coat, goggles and
shield, an apron, a vent hood, and gloves are dways recommended. It is classfied asa
poison and can cause severe burns. Concentrated Sulfuric Acid reacts very violently
with weter. The threshold limit vaue isless than 1 ppm, with a permissible exposure
limit of lessthan 1 ppm. It targets the skin, eyes, respiratory system and the teeth.

Toluene isamoderate hedth hazard. It is severely flanmable, with adight
contact hazard. Safety glass, alab coat, a vent hood, and a class b extinguisher are
aways recommended while working with toluene. Toluene causesiirritation and may be
fatd if swalowed. Toluene should be kept away from hedt, fire, and sparks. Water may
be ineffective in putting out the fire of toluene. Alcohol foam, carbon dioxide or adry
foam must be used. It has athreshold 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
inhdation it may cause a headache as well as nausea, vomiting and gestrointestina
irritation. It targets the central nervous system, liver, kidneys, and the skin.

Acetic anhydride is a savere hedth hazard. It has a moderate flammability, a
moderate reactivity, and a severe contact hazard. A |ab coat, goggles, vent hood,
proper gloves, and a class b extinguisher are needed while working with acetic
anhydride. It is classfied asapoison, is easily combustible, and causes severe burns.
Water isineffective againgt acetic anhydride. It has athreshold limit value of 5 ppm, a
permissible exposure limit of 5 ppm. Upon contact will cause severe burnsin the
mouth and stomach. It will target the respiratory system, eyes, skin and teeth.

Findly, the finished product aspirin has adight hedth hazard. It is dightly
flammable with adight contact hazard. A lab coat, and goggles are dways
recommend when working with aspirin because of possble skin irritation. It hasa
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 sdicylic acid) isaresult 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 materia's 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 caudtic
soda (sodium hydroxide), sodium phenolate is the product in this process.

2C¢HsOH + 2NaOH - 2C¢HsONa + 2H,0
phenol + caustic sod 2 sodium phenolate + water

2. Autoclave: The sodium phenolate is dried in an autoclave to finely divided powder.
The autoclave is a revolving, heated ball mill. It operates under a vacuum and a
temperature of 130° C. Water is removed from the process.

When drying the sodium phenolate is complete, carbon dioxide gas is introduced
under a pressure of 700kPa and a temperature of 100°C. Sodium phenol carbonate is
formed and this in turn reacts to sodium salicylate. Phenol is regenerated and recovered
for recycle.

2CsHsONa + CO, = ONaCsH,COONa + C¢HsOH
sodium phenolate + carbon dioxide > sodium salicylate + phenol

3. Disolver: Water dissolves the sodium sdicylate and activated carbon is added

to remove color by absorption. The solid activated carbonisremoved in a
filter, reactivated and recycled. .

4. Precipitator: The sodium sdicylate solution is mixed with sulfuric acid
which precipitates the sdicylic acid.
ONaCsH,COONa + H,S0, = OHCcH,COOH + Na,SO,

sodium salicylate + sulfuric acid - salicylic acid + sodium sulfate

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

6. Drier: The dicylic acid is purified by sublimation sent to packing and finaly sold.

7. Reactor: The salicylic acid is mixed with toluene and acetic anhydride and refluxed at
88 - 92°C for approximately twenty hours.

OHC¢H,COOH + (CH3C0),0 > CH;COOCsH,COOH + CH;COOH
salicylic acid + acetic anhydride > acetyl salicylic acid + acetic acid
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salicylic acid + acetic anhydride 4 acetylsalicylic acid + acetic acid
V. Material Balance

The rate of production for our facility is assumed to be 4100 kg of Aspirin. This
figure was calculated by assuming that the company will have a 5% market share in the
year 2007, which is based calculated U.S. and Aspirin demographics. The values were
calculated by stoichiometry of the chemical equations involved in the process. The
calculation starts by first calculating the moles of acetysalicylic acid and it is assumed that
2.63*10* kg mol will be produced in one day. The calculation is then worked backwards
through the chemical processes. We further assume that a 1 percent molar loss for each
step in the two step process.

1. Step Two
Reaction:

OHCHCOOH + (CH;CO),0 = CH;COOCH,COOH + CH;COOH

[2.66*10°mol]  [2.66*10* mol] [2.63*10* mol] [2.63*10* mol]
3670 kg 2710 kg 4100 kg 1600 kg
2. Step One
Reaction 3:

ONaCeH,COONa + H,SO, - OHC{H,COOH + Na,SO,
[2.66*10*mol] [2.66*10*mol] [2.66*10°mol]  [2.66*10* mol]
4890 kg 2640 kg 3670 kg 3780 kg

Reaction 2;

2C¢HsONa + CO; > ONaC¢H,COONa + CHsOH

[5.32*10* mol]  [2.66*10* mol] [2.66*10* mol] [2.69*10* mol]
12600 kg 1190 kg 4890 kg 2530 kg
Reaction 1:

2CHsOH + 2NaOH > 2CHsONa + 2H,0
[5.34*10° mol] [5.48*10*mol] [5.32*10°mol] [5.43*10* mol]
5150 kg 4390 kg 12600 kg 1950 kg

VI Pollution Prevention and Treatment



There are wastes produced during the manufacturing processes that require

atention.

Two waste products are produced in step |, activated carbon and sodium sulfate

are produced. Activated carbon can be regenerated through heat trestment. Sodium
sulfate can be collected and be sold. Phenol may aso be present and it can be recovered
and treated, or recycled. A wastewater treetment facility on site can be ingtdled for the
phenol wastewater treatment.

Problem

1.

4.

Develop Materid Safety Data Sheets (MSDS) for al chemica reactants and products
in the manufacture of Aspirin.

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 Aspirinin year
2007, and the share of Aspirin market can be captured.

Determine the quantities of al raw materials needed and dl by-products formed.
Assume 100 percent conversion in each step and aprocess yield of 95% in each step.

Specify the waste streams, the quantities, and suggest amethod of disposd.
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FE 102 - 008

Soil Conditions

I. Soil and Rock Investigations

The designer of a sted structure can not proceed without knowing the physica properties
of the sted. The soil and rock formation s under the structure are just as much a part of the
sructura system as the sted structure. However, whereas designers can control the
character of the man-made materids, they have little control over the character the soil and
rock. Therefore, either the design must be adapted to the site conditions or ese the site
conditions must be improved. In either case it isimperative that these conditions be
evauated accurately.

A complete investigation of underground conditions includes the following points:

Nature of the deposits (geology, recent history of filling, excavation, and flooding)
Depth, thickness, latera extent, eevations, and composition of each. soil and rock
dratum.

Groundwater elevations and their differences across the site.

The engineering properties of the soil and rock dtratathat affect the performance of
the structure.

W DE

An invedtigation conssts 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 compaosition of the
soils and rocks, the level of groundwater, and to estimate the engineering properties of
the materids through soil boring and sampling..

3. Intendve invedtigation: To secure quantitative data on critical strata from which
design computation can be made.

An examination of the Ste and the adjacent areas will real much vauable 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, orings, and the type of vegetation.

Il1. Use of Foundation



1. Compostion of Soil: By definition, soilsinclude al unconsolidated materials which
are composed of many different ingredientsin dl three sates - solids, liquid, and
gases. The same appliesto many rocks.

2. Enginearing Soil Classfication: Textura classfications group soils by their grain size
characterigtics. The gravel and large sizes are disregarded and the particles finer than
2 mm in diameter are divided into three groups, sand sizes, Sit Szes, and clay Szes.
The soils are then grouped by the percentage of each of these three components.
Clayey soils are classfied by pladticity characteristics which are based on the
interaction of clay and water.

3. Bearing Capacity The bearing capacity of asoil isthe ahility of the soil to carry aload
without failure within the soil. It is analogous to the ability of abeam to carry aload
without bresking.

The foundetion is the supporting part of asructure. The term isusudly restricted to the
sructurad member that transmits the superstructure load to the earth, but in alarge 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. Shdlow foundation: Footing and mats are commons used. A footing isan
enlargement of acolumn or wall in order to reduce the pressure on the soil to
maximum alowable. A-mét is a combined footing supporting multiple sructura
elements not located in the same line.

2. Deep foundation: Piles and Piers (Caisson) foundation are used. Pilesare used in
many ways. Bearing piles that support foundation loads by transferring the load of the
sructure through soft strata into stronger, incompressible soils or rock below.
Friction piles transfer load to surrounding soil by friction or adhesion. Tenson piles
are used to resist upward forces. Lateraly loaded piles support loads applied
perpendicular to the axis of the pile in foundations subject to horizonta forces. The
pier foundetion is areatively large, deep foundetion. Itsfunction isto transfer a

foundation load through soft soil to hard soil or rock or to transfer aload through soils

that may be scoured away by riversor tidal currents.
[11. Effect of Groundwater

Groundwater is afactor to be consdered in severd ways. Firs, excavation below the
groundwater level is expensive and often hazardous because upward seepage |oosens
sands and tends to create a quick condition, and water standing over exposed clays
softens them. Second, when the groundwater leve is above the lowest leve floor,
seepage into the Structure and hydrogtatic uplift become series problems. Third, changes
in the devation of the water table have caused much trouble such as building settlement
and decreasing of soil strength.

1. Hazardous Waste Contaminated Sites



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

References:
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Engineering Cost Estimate
1. Engineering Cost

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

Initid investment is the costs spent from the point of the beginning of the plan of a
new facility to the time the congruction permit is received. It includes the following:

* Feadhility andyss

* Legd services

* Financid services

* Engineering investigation
* Environmenta assessment
* Enginesring design

* Land purchase and

* Other fees

Costs of some items can be expressed as percentages of total construction costs
based on engineering experience: For indance, engineering investigation fees,
environmental impact andyses and engineering design fees can be about 10% of
congtruction costs. Some items may vary from case to case. For example, feasibility

andysisis rdated to the Sze of the project and types of investigation conducted.

Congtruction cogts usudly include the following cost:

* Site preparation

* Building congtruction (superstructure structure and foundation)
* Equipment (elevators, equipment for manufacturing process)

* Flumbing

* Electric system

* HVAC

» Communication system (computer network, telephone)

» Wagte treatment and disposa

* Landscaping

* Drainage

* Accessroads

* Miscdlaneous items such as fences, darm system, monitoring devices.
* Interior decorations.

» Adminigtration fees and overheads

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



equipment costs account for 30-40 percent, and the remaining 20 percent is adminigtration
fees and overheads.

Codts of Ste preparation and excavation include cogts for Site cleaning, excavation,

grading, dope 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).

Tota operation and maintenance is about 40-70 percent of the total project costs.
Cogtsincluded in this part are:

* Trangportation of raw materials and products

« Utilities

» Maintenance of roadways, structure, and equipment.
» Adminigtration fees and overheads

2. Earthwork and Excavation

The sdection of construction equipment for structura excavation and bulk excavation or
for grading is determined by the following factors:

* Quantities of materid

* Type of materid

* Depth or height of cut

* Length of haul

» Condition of haul road

* Accessihility of site

» Moisture content and dewatering requirements
* Availability of excavating and hauling equipment

3. Use of Means Cost Data

Reference

"Means Building Congruction 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, Cdif:

Craftsman Book Company.
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e
HOW TO USE THE

UNIT PRICE PAGES

The following is a detailed explanation of a sample entry in
the Unit Price Section. Next to each bold number below is the
item being described with appropriate component of the
sample entry following in parenthesis. Some prices are listed
as bare costs, others as costs that include overhead and profit of
the installing contractor. In most cases, If the work Is to be
subcontracted, the general contractor will need to add an
additional markup (R.S. Means suggests using 10%) to the
figures in the column “Total Incl. O&P."

Division Number/Title
(031/Concrete Formwork)

Use the Unit Price Section Table of Contents to
locate specific itemns. The sections are classified
according to the CSI MASTERFORMAT,

Line Numbers
(031 158 5000)

Each unit price line item has been assigned a unique
10-digat code based on the 5-digit CSI
MASTERFORMAT classification.

MASTERFORMAT Mediumscope
MASTERFORMAT Division

R
031, 188, 5000
Means sum ‘_|_‘ ﬂl_‘

Means Major Classificati
Means Individual Line Number

031 | Concre :®Formwork
031 100 C.LP.

Description
(FORMS IN PLACE, etc.)

Each line item is described in detail. Sub-items and
additional sizes are indented beneath the appropriate
line iterns. The first line or owo after the main item |in
boldface] may contain descriptive information that
pertains to all line items beneath this boldtace listing

Reference Numbe
2 A

Information ( )
You'll see reference numbers shown in bold squares
at the hég;inning of some maior classifications.
These refer to related items in the Reference Section.
The relation may be: |1) an estimating procedure
that should be read before estimating, |2} an alternate
pricing method, or |3) technical information.
The “R" designates the Reference Section. The
numbers refer to the MASTERFORMAT
classification system.
It is strongly recommended that vou review all
reference numbers that appear within the major
classification you are estimating,
Example: The square number above is directing you
to refer to the reference number R0O31-050. This
r_anjmﬂaz reference number shows how the unit price
i::nu:_*s- fgr forms in place were formulated and costs

erived.

158 0010| FORMS IN PLACE, INGS Continuous wall, | use

0050 use P

4000 Off nexkgonal cags, 1 use

4050

4100

415:" oo ll3

50000 ) Soread footings, §i wse B Pt 305
- i 71

5100| 3 me

5150 4 58 14

£000 | Supperts for dowsls, ol tempiates, 2' 5 2 25

£050 4' % & footing 2

cian i ﬂlﬂﬂﬂi‘ An




Crew (C-1)
The “Crew” column designates the typical trade or
crew used to install the item, If an installation can be
accomplished by one trade and requires no power
equipment, that trade and the number of workers are
listed (for example, “2 Carp”). If an installation
requires a composite crew, a crew code designation
is listed |for example, “C-1"|. You'll find full details on
all composite crews in the Crew Listungs.
+ For a complete list of all trades utilized in this
book and their abbreviations, see the inside back
cover.

Inal. Cost
Graw Mo Bare Couts Bubs O &P Far Man-Hour

T [ [~

Cw -1 W, Colly | Mr Duly Loty 0kF

3 Carpeniesy 57338 §5040 | %3685  BATeMC || St M
| Brkyng Lasoss B8 qaBdd | A0 2R

3 Power Toohy WED | s -]

1WA Dl Totes [ K filveat || 82288 A

Productivity: Daily Output
(3.05)/ Man-Hours (.105)

The “Daily Qurput” represents the typical number of
units the designated crew will install in a normal
8-hour day. To find out the number of daiis the given
crew would require to complete the installation,
divide your gquantity by the daily ourput. For example;

Quantity | + | Daily Output | = | Duration
I 305 SFCA/ | _ 3.28
IUUU SFEJ&A | = Crﬂ'." Dﬂ? = Cfﬂf Da}"s

The “Man-Hours"” figure represents the number of
man-hours required to install one unit of work. To
find out the number of man-hours required for your
particular task, multiply the quantity of the item
times the number of man-hours shown. For example:

Quantity | x | Productivity Rate | = | Duration

.105 Man-Hours/ | 105
1000 SFCA | x SFCA | Bl i Man-Hours

Unit (SFCA)

The abbreviated designation indicates the unit of
measure upon which the price, production, and crew
are based |SFCA = Square Foot Contact Areal. For
a complete listing of abbreviations refer to the

Abbreviations Listing in the Reference Section of
this book.

Bare Costs:

Mat. (Bare Material Cost) (1.07)

This figure for the unit matenial cost for the line
item is the “bare” material cost with no overhead
and profit allowances included. Costs shown reflect
national average material prices for January of the

current vear and include delivery to the job site.
No sales taxes are included.

Labor (2.32)

The unit labor cost is derived by multiplying bare
man-hour costs for Crew C-1 by man-hour units. In
this case, the bare man-hour cost is found in the
Crew Section under C-1, (If a trade is listed, the hourly
labor cost —the wage rate—is found on the inside
back cover.]

Man-Hour Man-Hour | _
Cost CrewC-1 | * Units = | Labor
$22.15 x 105 = | $2.32
Equip. (Equipment) (.08)

Equipment costs for each crew are listed in the
description of each crew. The unit equipment cost
is derved by multiplying the bare equipment hourly
cost by the man-hour units.

Equipment Cost Man-Hour | _ ,
CrewC-1 | *| Unis | = | Eawip.
50.77 X 105 = | 5008
Total (3.47)

The total of the bare costs is the arithmetic total of
the three previous columns: mat, labor, and equip.

Material | + | Labor | + | Equip. l = | Total
107 |+ | 82320+ | §.08 | = | §3.47
Total Costs Including O&P

The figure in this column is the sum of three
components: the bare material cost plus 10%; the
bare labor cost plus overhead and profit (per the labor
rate table on the inside back cover ar, if a crew is
listed, from the crew listings); and the bare equipment
cost plus 10%.

Material is Bare Material cost + $1.18
10% = §1.07 + $0.11 i

Labor for Crew C-1 =

Man-Hour Cost |$34.76] x = £3.65
Man-Hour Units {.105)

Equip. is Bare Equip. Cost + :

10% = $0.08 + $0.01 = A008
Total = §4.92




021 | Site Preparation and Excavation Support

- DALY | WO 1550 ARE COSTS TOTAL
021 620 | Cribbing & Walers crew jouteur) noums | uwr [ AT, UBOR | LU | oL | meLow
B4 2350 Laggng onty, 3" thick wood between piles &' O.C., munimum B-46 | 400 [ .120 | SF. 125 256 Al 152 5.75 | 624
am Mazimum 2% | 192 188 &10 18 6.16 8.05
2400 (pen sheeting no bracing, for trenches t3 10" deep, min, 1,735 | 028 A5 55 i) 108 1.52
2450 Maximum y | 1510 032 5 58 ] 15 172 m
2500]  Tie-back mathod, add o open shasting, add, minsmum i ) iy )
2550 Maimum s 6% Bilr ¢
2700 Tie-backs onby, hasad on tie-hacis total kength, minimem B4 | BEAD | 583 | LF. 810 11.80 5l 2042 9 o
750 Maimum B8 | 1207] 5| 650 L7 {55 58 =)
0 Tie-backs only, typical average, 25' long | 4| ETT] 515 FFL] BEZ50 1.250 =
3500 35" long v | 158 [30380] * 45 550 WH | 1izsa]  Lew w
021 680 | Slurry Wall -
§84] 0010| SLURRY TRENCH Excavated shumy trench in wet sciis 554 ®
0020 bacikfiied weth 3000 psi concrete, no meiioming stesl
0050 Minimum C7 | 33 | %2 | ¢F 307 38 FEL) FER] 12
o100 Maxmum w0 | 320] ¢ 5E8 540 19 1582 2050
0200]  Altemate pricing method, minimum 150 | 427 | 5. 3] B5S £3) D5 T6.50
1300 Maximum - IE i 918 10.70 650 26,45 kL
U500  Rerviorced siurmy trench, menimum B4B | 177 | 316 17 [T 55 i) 7550 |
0600 Madmum 'l 6| ] e 165 1675 2880 575 by
0800 Haul for dispasal, 2 mile haul, exnated matenial, add BMuE| 99 | 081 | CY. 1.57 iR 549 6.70
0300 Haul benforste castings for dispesal, add " 40 | 200 = 3189 370 1359 16,60

A BALY | AN 1993 ARE COSTY TOTAL
1“ I Whm CREW |OUTPUT| MOURS | UNIT WAT, LABOR EQUP. TOTRL [NCL OkP
104 0010 GRADING Site excav. & fill, sae div 022:200 104
0020|  Fine grading, see dév 025-122
022 200 | Excav, Backfill, Compact
20410010 | BACKFILL By hand, no compaction, light soil 1cab| 14 | 571 ) e 10.60 1060 1665 | 204
o0 Heavy sail 2]l | | n|m 1350 1350 2
Compaction in & layers, hand tamp, 30d to above | 2050 | 388 120 120 11.30|
400 Rofler compaction operater walking, add Bioa| 100 | 120 267 n 346 497
500 Air tamg, 200 B3 | 1% | 211 19 7% 475 710
0600 Vibrating piate, add M| 80| 247 % 345 455/
=1 Compaction i 12" Iayers, hand tamp, 2dd &0 above TIEREE % 43 3]
0 Roller compaction operator walking, add BI0A | 150 | om0 L8 5 231 in
1000 Arr amp, add B9 | 285 | .10 I3 T} a [%:]
1100 Vibrating plate, add M| %0 | 0m 16 & i3 £k |
1300 Dager backilling, bulk, up 1o 300" haul, o Compaction B108 | 1200 | 010 2 & 8l L0
] Air tamped B8 | 240 | 067 142 a3 79 7
1600 Compacting tackil, 6 to 12 [its, vioraling roller BI0C| 800 | 215 ] 116 ) T79]
L Shesasiont roller Blo0 | 750 | 016 3% 135 161 193
= |00 Dczer backiing, trench, up o 300 hadl, fo compacion 108 | 900 | 013 30 7] 12 T8
2m Air tamped e | 235 | 068 45| 4k 59 715
: 20 Compacting backf, 6° 1 12 s, vibrating roller BI0G| 700 | 007 38 14 L7l 205
20 Sheeosinot roiler B100] 650 | .018 | Al 145 186 &3 I
flm BORROW Buy and oad  pi, haul Z miles Found 79 i FIF]
L and spread, with 300 H.P. doger, no compaction L 2% !

. T Ddad coverage of these ke see Means Hoavy Consiruction Cast Data 1963 41

BT T



022 | Earthwork

e Gy EA R T — e
146 0010| EXCAVATION, BULK, SCRAPERS E )
! 0100  Eievating seraper 11 C.Y., sand & pravel 1500" haul 0 | pasr | 690 | oo0 | Y. A L35 L34 24
050 3000" haul B0 | 03 B 1% 200 28
0200 5000 ham o5 | 08 £ 184 251 306
0300 Commen earth, 1500" haul B0 | 18 3 3 21 257 |
0350 3000 banul 5% | 02 £ L7 238 291
0400 5000" haui W | 2 p 21 5 )
0500 Clay, 1500" hau m | o 2 248 i 41
550 3000 haul 0 | 0 1] 8 E1) [T7]
0600 5000° bl v | 25| 051] + 12 18- aw 550
I 1000|  Self propeied scraper, 14 .Y, 1/4 push dozer, sand
L s and gavel, 1500° haul gas| w20 | o5 | ov. |l 2 237 2m
1100 3000 haul 85 | 017 A2 T2 20 37
: 1200 5000" haul 65 | o2 £ 286 a3 395
. Commen earth, 1500' haul TR A2 FET] in EYT]
13%0 3000" haul 0 | 020 A 28 an 36
1400 5000" haul %0 | 0% V] in 5
l 1500 Clay, 1500 b 500 | 028 s s 43 510
- [0 3000° hadl o | o 76 [NT] ]
1800 5000" hau! e | 3% | 040 % 525 &21 130
i 2000 21 C.Y., 1/4 push dozer, sand & gravel, 1500 haul PN ] 12 210 M
O L 3000" hadl 810 | 015 i) 2% e 3
Z0 5000" haul 7% | 018 A5 286 331 T3
: 2300 Commen sarth, 1500’ haul 100 | ou 3 209 24 280
| FEET 3000" haul 790 | D18 B X7 F3 165
S 5000" haul & | o2 8| 1 m ™"
27500 Ty, 1500° haul o5 | 02 ] in i 7]
{ 2550 3000" haul 4% | 08 58 434 5@ 580
L 2600 5000" haul v | 405 | 035 B 530 [AE] 7.15
7700]  Towed, 10 CY., 14 push derer, sand & gravel, 1500° haul B3| 560 | 25 5 i kY] A4
! FiFl] 3000° haul 0 | o 75 351 426 505
i 2730 5000" haul % | ms 2 FEC 525 620
N T Commeon earth, 1500 haul @ | I 0 an 157 50
o 000" haud a0 | 03 B4 1% 4 565
|_ il 5000 haul 310 | D45 1.08 AT BIg 13
2800 Clay, 1500° hael 315 | oM 107 5 607 715
| 3820 3000° haul 00 | o4 (7] 555 5] 15
{ 2840 5000' faul v | 25 | o8 148 .08 85 1008
o 0 15 C.Y,, 1/é push dazer, sand & gravel, 1500° haul 800 | 017 2 1% 0 1]
2920 3000° hau! o0 | o 5 247 3 LY
FETT] 5000° haul 520 | 00 5 ] 169 435
L 2960 Common earth, 1500° hal 600 | 023 5 264 120 i
880 3000' haul %0 | 055 ] 3] 2 404
. 3000 5000" haul Mo | 032 7% 15 435 515
L 00 Clay, 1500" haal 0 | 31 75 351 126 505
3040 3000' haul o | m B0 an 45 540] .
5000° hast wl v |30 DU}y 105 [ L 110 g
Lﬁ 0010 | EXCAVATING, STRUCTURAL Hand, pits 10 6 deep, sandy S0l 1Ch| 8 | 1 |CT 1980 1920 L0 [
o100 Heavy soll or clay V|2 050 £ I
0300 Pis 6 W 12' desp, sandy soil 5 | 160 T 350 L)
0500 -~ Heavy soll or clay 3 | 2667 8 5 uwl A
- [T Pis 12" 1o 18' deep, sandy sall R ) ) 3] i
p300 Heavy sofl or tlay 2 | 4 8 n 1% )
= 57 Importart: Ses the Referenca Section for aritical woportine data = Referenca Nos., Crews, & Chy Cost Indexed




P
028 | Site Improvements :
e LABOR: 1996 BARE COSTS
| 028 100 | Irrigution Systems g T aT i s
[_ 71 7010] SPRINKLER IRRIGATION SYSTEM For lawns m
‘% ojon|  (Golf course with fully automatic system 17 | 05 | 1600 {9boes| 74000 | 42200 16200 | 149,000
2 Vam 24 diam. head at 15' O.C IncL piping, minimum B0 | 70 | 30 | hexd 16 770 FER) 30
| a0 Maximam w0 | sm) | £l 1350 5050 62
- fom0 60" diameter head, avtomatc cperation, Manimum B | B l ] 1930 630 8 | |
< os00 Maximm B 18] 135 paL | a0  wm ||
o Resklentia) system, custom, 17 supply 2619 | D09 | SF. Z 2 B 5
e fo 1-1/2° supply {2 oo | - 2l =z & 59
' | 028 200 | Fountuins
| i%'u'm'i FOUNTAINS 1, Roergass poks, purs, pping nd Bghs 2
R [ &' diameter podl, 18" dismeter spray ring |2 8 | & 630 206 B5 1,025
00 & diameter pool, 24" diameter Spray fing 150 (10667 L0 | 2m 138 1,650
D400 7.5' diameter pool, 42° diametar spray ring 1 | 1,50 435 2035 2400
00| Rain curtains, 3' rain ber, 2 1 4' 11" pool 2 |8 50 716 816 %0
0600 7" rain bar, 2° x 8" x 1" poal w11 ]6] 4] 125 435 1710 2,050
028 300 | Fences & Gates
641 0010] FENCE, CHAIN LINK INDUSTRIAL &' Iigh pius 3 stands 3
0020|  barbed wire, 2° line post @ 10° O.C., 1-5/8° top ral
200 9. wirs, palv, steel fee0 | 250 | 128 | LF 555 n 185 027 1260
0300 Aluminized stee 50 | 1% |  am| 1S L7 425
(0500 G . wire, v, seel 50 | 18 L] R 15 BS 1625
0600 Aluninized stesl 20 | 12 e I Uy 1780
fam & ga. wire, &' high but omit barbed wire, g, steel T IV 850 3] 177 123 1550
2900 Aoninized sted |13 v o0l 287 um 14S4) 1125
T Add for comer posts, 3° Gam., gaiv, sise 0| 20| & (37 NV ) 7540 050
1200 Aluminized steel © | 20 %50 13| s sl I
1300 Add for braces, gy, steel B0 | A0 1245 885 &5 %85 ECCT)
1350 Abuminized stesl 0 | a0 U I L) £l
1400 Gate for &' high fence, 1-5/8" frame, 3' wide, gaiv. stee 10 | 3200 65| ®®| & 181 7]
150 Aluminized stesl l 0 [3200] & ] | 4% | =
00| 50 high fence, 3 ga., no barbed wire, 2° ine poss,
2000 10" 0.C., 1-5/8° top ral
a0 Gahvanized steel B0 | 315 | 2 | LF. 505 2| 14 W) 1060
200 Alumirized steel nmjam| 65| 2| e 981 1180
240 Gate, &' wide, 5' high, 2 frame, gah. stee 0 [320] & [ M| % FIC] S
% Alumirizeq steel v | 10 |3m] ¢ % | & U R
= Mator operaio for gates, not including gates of
210 electrical wiring, for swinging gate 15" wide B0 | 2 | 16 |omg| 1400 S al 19% 2350
2800 For swinging gate up 1o 30' wide (pair 2|6 250 35 al 3076 3550
200 For siding gate up o 45 long (pair) 2 |16 25% | 33 | 3151 3,650
3100 Overhead side gate, chain i, & high, 10 18' wide W | M| L ) V1] BT 0A0 ]
. |ue Cantlever type v |6 |@m]| - z Was| 980 5605 68
- J5000] " Double swing gates, incl. posts & haroware .
o 5’ high, 12" opening 880 | 340 |ou2{omg | 207 ] 1% 557 70
R L 20° opening 280 [148 % T 1% 665 B |
- | 060 6" high, 12" openiing 2010 10 w7 27 144 608 m
S 70 20 opening 260 (1238 ® | & | | w | %
! L B high, 12" opening 157 |2038 455 40 24 119 1525
S 20' cpening 125 |2550 55 | 85 | 0 | 1w 1900
e £ 10" high, 12* opening 131 [24427 550 530 350 1A% 1825
e IO 20" opening 18 T & | 65 | B | 12 | 2
o= fS120) . 12 high, 12 opening 105 58 850 M0 1785 2215
'3‘....' 5130 20" opering v | B |T50] ¥ 85 85 55 5 85
e 5190) . For aluminized steel add an
Lo \
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171 | S.F., C.F. and % of Total Costs

UINIT COSTS | % OF TOTAL
171 000 | S.F. & C.F. Costs T 1 | MEDIAN W | e | MEDIAN |
010F 0010 | APARTMENTS Low Rise (1 to 3 story) i &F, 3105 {660 6180
o020 Tatak project cost CF. ERT) 439 540
0100 Samwors mr)|  oF 310 e 715 5A0%|  l0E0%
0500 Masonry a0 8 L5 285 4% o
1500 Finshes 18 5 6.60 B8.90% 10:60%
1800 Equipmest 122 184 268 %]
70 Pumbing 2% 379 o 5I0R| 7%
2o Heating, ventilating, 2ir conditioning 185 228 3l L20%  5Es
2900 Tlectncal 215 287 5% FE
3100 Total: Mechanical & Electrical ¥ [ L] 180 1025 15.90% 1E.30%
8000 Per apartroint umit, otal cost [T 2,100 43,100 B4, 500
9500 Total: Mechanical & Electrica) ' 5350 | 7850 11.200
020] 0010 | APARTMENTS Mid Fase (4 to 7 story) §F, 4745 5835 7180 e
[Liri] Total project costs CF. M 525 130
0100 Sitework ST, 181 374 33 SH%| 670%| 9208
0500 Masaney 299 420 620 2% 15M 10508
1500 Finishes 610 170 980 1040% | 11.90% 1650
1600 Equipment 182 221 295 0% 350% o5
[ 2500 Conveying equipment 112 ] 164 200% |  220% i
2720 Pumbing 290 15 5 g20%|  Ta0% L
2500 Flactrical i3 [VE] 545 h.E0% 120% Y
3100 Totl: Methanical & Esctrical v 910 1148 1415 erk|  c010% 23m
G000 | Per apartment uni, 1otal cost WL 36600 55,600 65,100
9500 Total: Mechanical & Electrical s 10,5900 12,700 18,700
030] 0010 | APARTMENTS High Rise (B to 24 story) 5F. 5595 §7.80 7515 rli
0020 Tata! project costs CF. 48 645 785
0100 Sitewark 5F. 1 | 18 45l 250% |  Apo% BI0%
0500 Masonry 318 578 125 k| oEm 1070%
1500 Finishes 10 T80 [T DA% | 1L70% 13504 |
1800 Equipment 175 220 285 250% | 230 L2
W =0 Comveyng equipment L1 15 T3] 120% |  20% 330%
R |m Pumbing 15 2l 615 60N | 510% 1060%
S = Tectrca T 03 550 A0%| TE0% 73
g 3100 Total: Mechanical & Electrical X 1140 13% 1735 1B20%| 2% 2408
m 5000 | Per apartment unit, total cost A, 51,700 61,000 £6,700
- 9500 Total: Mechanical & Electricsi ' 12600 14,400 15600
€ 0] 0010 | AUDITORIUMS §F. 5.0 1515 104 "
3 020 Total project costs GF. n L 745
F37] Pumbing 5F. 351 50 20 SEDW| G0 BATh
FA Hesting, ventilating, air conditioning 1.50 18 2110 6.90% 16% 1980%
FET) Electncal 450 555 850 5I0%| BB 1%
— 3100 Total: Mechanical & Ebectrical 3 455 1255 2210 14.70% 18.50% pali ]
050] 0010 | AUTOMOTIVE SALES SF. 39,40 Ty 605 jo
0220 Tofal project costs CF. 2% 331 442
2020 Pilembing 33 155 ETT] ET ) 280%|  620% B90%
7 Heating, ventilating, sir conditioning i i (3] Ea0%| 0% 10.70%
2500 Electrical 335 37 125 730%|  GI0% 1230%
a0 Total: Mechanical & Elactrical 710 1070 35 1540% | 1900% s
060] 0010 | BANKS 3 8515 106 138 Jos0
0020 Total project coste CF. £05 820 1085
o1co Sitework 5F. EAD 14.55 2190 1% 13.40% 16.90%
0500 Masonry 427 120 1450 290% | 610% 10%
1500 Finishes 895 153 1260 TRAO% | 160% S0
1800 Equipment 249 7 1695 250% | 790% 13605
FIF] Fiumaing RT3 38 55 180% | 4% 4.90%
m Heating, ventilating, air conditioning + 525 105 940 5% 120% Bam |
384 Ses the Reference Section for reference number information, Crew Listings and City Cost Incexss.
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CREWS

Inch Cost Inel.
Craw No. Bars Conts Subs O &P  Par Man-Mour Craw No. Bars Conis Subzs O & P
Bare Ind,
Crew B-5 Hr. Duily Hr, Dty Gty or Crvw 108 Hr. By Hr, Dty
¥ Lo Foreman (ousie! 12055 FIG44D0 | 51225 f2lAD0 ) R2108 26 1 Eqip. Oper., (med) 2410 51520 | S fad00
| Bighging Labarers 18.55 59360 | 910 2120 5 Bulldng Laborer 18.55 W20 | 29.10 116.40
4 Equip. Opes. fmed) 0D 38560 | ETS SEADD 1 Dnzwr, JO0HF. B32.00 51520
E kmmmuu 55 m s !llﬁ 12 W.H.. Dy Tokats $10%4.00 $1325.60
3 113
2 Air Vo & Accammenes 2460 1255 oo B.10¢ W, Dby | K ey
250 P Air Hoses, 19" Dia 1280 1410 :
1 FE Lowder, TM, 25 €Y. 16420 sod|l M2 5@ L"""l i o oud) ”1:"5: “ﬁ ““'m D’ ‘::;'z
G4 MLH., Dadly Totals §225T.0 308855 || 3527 M 1 Bzer, 300 HE. m 91520
Cew s il ] e e 1 Vs R, Towed %10 10580 | 779
. - 12 MM, Dty Totahs L9500 (e
1 [oiidng Labarers. f18.55 SIGER0 | 32900  §4esE0 || s20.07 13118 —
1 i Cper, [ighl} B B4 | 3B 2200 s
1 Backhon Lowies, 46 HP. &0 085 I 836 819 = e . . = 1
YT ] =S LT Exwi. Oper. imad) LU0 $19080 | $3675 12040
S 5 Buiing Laborer IS T | ma o 1640
i ek, 1 Deawr, J00HP g2 9150
Lo B7 B Gy | B Doy || ot O 1 Shaspah. Reler, Towsd 10740 LIRS un ik
: m mmmr ﬂf,: ”,:j: t:.zl': smg S8 $30%0 T2 WA, Guly Tots 066 TI0aTE || $1005)  SELE i:
: R b
:Eqn}ﬂm,m iy 1980 | 375 g,:: Eew B10E W ey | W oy || o o o
: F'":"M""’_T :‘1 n— mmm s 1 Exuip Cpas, () 20 gm | s6rs wsoofl 2225 |
2 Chin Sarwy 0.0 5300 0 P 5 Balkding Labore 105 T2 19,10 11640 . ":
1 Tandem fober, 5 Tn 1228 1atefl ws  oux | g
48 WL Dady Teats ECErT T T T — 1
o — 12 WLH., Caiy Tetals e TS50 || T4 WAE | 4
H L]
—_— W Dy | MW by || com o " v Wt |
Crew B-10F W Mr.
2 Laborens fIR55  SIOEE0 | 52000 S50 || B0O7  S3LIS = Sy oo o i
1 Eqvl. Opes, fighl 7.1 180 535 20200 1 Bl Cpar, (mecl) 400 F1%2B0 | 5367 S2MM00 | s:25 M |- !
i sty e .5 Buiking Laborer IB55 a3 | 200 1i64D ;
2 Chaia Saws .40 A0ES 10,08 1S L.I.umh' 10 ¥on L imad 260 s ﬂﬂ_
TR o Ty U T 12 WH, Duly T 7T SESGED || B0 ST
) = =
Crw B8 . Daly He Dy Lot e Crew B-105 K. Daly Hr. % Cosls: ar
| o e | S20%5 SI6L4D | S225  $28800 | %2089 SIL7S st Lo o ol )
2 Buleg Labres 1855 2680 | 20 460 =~ By Lobo 5 A3 BRI K
2 Exuip. Uper. (med) 06 I5E0 | IS smmo0 1 Stweh, Bod, 130 M. Si2.00 MN) L& s )
} i, Opr Gl ns wmal| wo oD T2 WK, Dady Tk R TIE0 || Sei BRI
2 Truck Dewers (v 1945 30120 | BHI5 47600 B kel
1 Hyd, Crane, 25 Ten 508,20 55900 Crow B-10W L Day B Baly || Coss  O0F
LFE Loaer, TAL, 25C, 76400 BOAD 1 Ecui, Oper. jmuc) 2010 §loze0 [ 5387 samoo [ seas  su
2 D Trechs, 16 Tow M6 psnis || moo  sap .5 Bulting Labomyr 185 M2
B4 W1, Daiy Tetals 1336180 W2 35 || $26 36699 1 Diagi. Wtes Parrp, 2* 19,00
!I Ba ory 120 Pt Section Hose, L)
Cew B9 W Gedy | W bay || cet  oue 350 Bich. Hoow, T ki
Lisbo Forram (ndel | $2055  §164A0 | §325 25800 || S18%%  §2973 12 8LH, Dudy Tetis Lale)
 Buikéng Lateres 45 S3E0 | 10 st
1 Ar Compr, 250 CF b 10280 113.10 Coew 3300 K. Daity
2 Ak Touis & Accesaores 2080 2 1 Ecuip. Q. e Al S19280
2.50 Pt Ar Mot 15" D 1280 14,10 18 kL] 5 [Baiiding Labore last T
#0 WA, Duiy Tetals T S1M855 || 32258 s 1 Diapiy, Wker P, 4 5400
- 1:20 FL Section e, 4* 148
Corw B-10 W oy | W Cab  O4P 80P Bk, Haams, 128
1 Eget. Oper, imec.) SAI0  SISB0 | S3675  SO00 || S5 S0 L2 MH Dol ks ]
& Bk Laberer 1855 T2 | 2910 11640
12 WK, Duy Teas §267.00 Si0d0 || $2225 33420 bew B10J W Day
e 1 Eouip, Uper, imed.) 2410 $18280
oo B304 w oy | W ooy || e o 15 Bulkding Labers: 185 WM
Leup Comiet] | 410 SIEO | 3675 WN00|| $225 SR T Yo as
5 Bl Libory S Mo | m 16 ;ﬂ“ m_“"""“’" I
1 Aol Comeact, 2K Lk 1920 || e 7 ULy . T ___|m
17 WK, Dedy Ton's LSHET 49750 || $0aBs Ml LA Dol Tk - L

492
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CITY COST INDEXES
NEW JERSEY WEW MEXICD HEW YORY .
DIVISION [ patemson TRENTON ALBUGUERQUE ALBANY BINGHAMTON | BUFFALO |
MAT. INST. TOTAL | MAT. INST. TOTAL | MAT. INST. TOTAL | MAT. INST. TOTAL | MAT. 1WST. 7TOTAL | MAT. INST. TOTAL
1 SITE WORK 163 1075 1323 | 1070 1062 1067 | JOBE  SOB 100G | 1032 1033 1033 | 926 BRO 905 | 995 596 996
31 FORMWORK 1089 1300 1263 | 1248 1281 1273|1261 705 832 | 1180 990 1035 | 1127 ez o7 | 1231 1236 12a%
17 REINFORCING BB 1434 1234 | 1092 G001 1058|1177 71T %83 | 800 SZR  BS5 | BO1 SRS B3G | %67 1105 1022
3.3 CAST IN PLACE CONC 072 1028 1076 | B91 1007 963 | 1018 596 1005| 76 10L2 622 | 901 om0 953 | 1087 1005 1047
1 CONCRETE 053 1176 113201000 4115 1077|1104 §56 G545 | 356 996 949 | 931 517 627 [ 1088 1110 1103)
4 MASDMRY 088 1381 1306|1052 1245 1201 1028 K90 76K | A78 o9& 971 | 1003 674 903 | %93 1161 1122
5 METALS 960 B2 1078 | SR 1023 996 | 1074 EXD 982 | 971 SE5 969 | 987 503 955 | 1044 1067 1052
6 WOOD & PLASTICS 1176 1335 1262|1202 1349 1782 {1004 722 651 | 96E 979 974 |103E 02 SM0 | 1124 1252 1154
7 MOISTURE PROTECTION | 1143 1247 1177|1028 1300 1116) 974 623 BED | 1058 1017 1043 | 975 861  S3E | 1008 1123 1045
i DUGRS. WINDOWS. GLASS | 986 1303 1156 | 1048 1270 1164 | 992 687  §34 | 1037 517 975 | 993 796 GAO | SED 1126 104G
93 LATH & PLASTER 6 017 1002 | 1153 986 1027 | 1191 702 E20 | 106D I0LD 1022 | 1080 BLO0  G7E | 1109 1157 1142
97  DRYWALL 132 1198 1162|1096 1198 1143 856 714 7901055 981 021|113 798 o7% | (36 1368 1951
95 ACOLSTICAL WORK 1006 1348 1181 869 1ME 1174 az1 712 BOB 1113 579 1040 | 1108 195 97 [ LT 1265 1ZILL
96  FLODRING S05 402 1039 | 1001 262 1084 | 1039 B3R 930 | 861 939 BRI | 987 879 565 | 1045 1181 1082
9.9  PAINTING 1000 1296 1234) 964 1206 1207 1001 654 74711165 901 957 |1034 eze 8711124 1l4) 1137
g FINISHES 1056 1247 1157|1055 1237 1152) 933 687 8031029 952 988 (1092 814 945 (1173 1211 1193
1014 TOTAL DIV, 1014 1000 1147 1043|1000 1172 1050|1000 795 939 (1000 943 983 | 1000 HE6 966 | 00O 1021 1008
i1} MECHANICAL 595 1130 1065 | 999 1150 10751003 @19 912 | %67 939 95 (1001 AL] 906 | 974 943 959
1§ ELECTRICAL 967 1222 1144 | 948 135) 1228 950 J70 25| %25 998 96| §27 924 824 990 1020 1001
(116 WEIGHTED AVERAGE 1034 _d2z21 11351017 1196 11131006 778 #As ) 70 916 973 | 9as 867 923 |1026 1077 1054
MEW YORK MORTH CARDLINA
DIVISION WEW 00K ROCHESTER SYRACUSE uTIcA YOMKERS CHARLOTTE
- MAT. (NST. TOTAL | WAT. INST. TOTAL | MAT. INST. TOTAL | MAT. INST. TOTAL | MAT. INST. TOTAL | MAT. INST. TOFAL
F] SITE WORK 108) 1291 123111079 943 1008 ) 968 965 967 11165 939 1063|1234 1218 1227 | 1154 821 1004
11 FORMMORN {112 1704 1568 | 1085 1063 1083|1111 951 SR8 | 1043 &89  BO) (1161 15327 Qe47 | 1094 562 6
17 REINFORCING 006 1867 1370|1064 1045 1056|1064 988 1032 | 1064 864 SBO | BO) 1339 1024 | ®7 583 757
33 CASTIM PLACE CONC. 1523 1160 129911267 9RS 10931030 789 882 BA0 962 915|164 1136 11471007 929 997
i COMCRETE I.ii! 1438 ]3_5.? 1184 1029 10RS | 1055 671 937 9531 850 !l.;? I.ﬂ,._!__@‘],j 1228 | 105.3 154 862
'l MASONRY 1051 1661 1522 | 1021 1126 1102 {1021 965 o978 | 1000 921 939 | 1225 1515 1449 | B9§ 451 553
5 METALS {005 1592 1244 | 1020 1006 10051031 920 960 | 103B S7 984 | §75 1561 11B9 | 1002 7% 506
£ WOOD & PLASTICS [1LE 1693 1430 982 1103 1048|1072 938 999 |1126 688 8B | 1035 1502 1984 [ 1050 SB7 799
7 MOISTURE PROTECTION | 1101 1653 1279 574 1178 1040 ) 966 1050 993 | 575 SR8 980 | 1056 1553 1717 | B4F 428 718
|8 DOORS. WINDOWS. GLASS| 989 1700 1363 | 968 1058 QUS| 928 904 939 | 1040 716 872 | 108 163D 1345 | 960 555 750
87  LATH & PLASTER B19 1605 1430 | 1076 1156 1136|1060 950 977|183 767 maE | %36 1353 1252 | 1000 492 615
97  DRYWALL 1196 1723 1442 | 941 1111 1020 | 1086 938 1007|1102 679 S0E (| 975 1410 76| ETS 574 TiE
95  ACOUSTICAL WORK 1026 1720 1402 | 1057 1108 1131 | 987 936 9591157 677 B97 (1157 151 (1353 %21 573 7z
95 FLODRING SB4 1558 1140 | S36 1112 984 | BG4 904 65| mEO 856 473|008 138 1113) toR  wn 781
95 PAINTING 1182 1490 14270 981 1144 11001032 909 934 |1G86 909 S48 | 1076 1393 1327 | 968 515 657
g FINISHES 1129 1624 1392| 564 1125 1049 (1023 926 0972|1656 716 907 (1008 1407 1220 901 %0 720
10-14  TOTAL DIV, 10-14 1000 1333 1098 | 1000 1028 1008|1000 949 985 |1000 924 977 | 1000 1348 (107 | 1000 728 920
1§ MECHANICAL 85 1623 1308| W3 90 721007 966 987 593 900 47| 968 1366 116E| S72 s01 7Rz
1§ ELECTRICAL 956 1508 1339) A3 994 99) ) oRE 948 950 ) 958 905 921 | 1040 1371 1769 | 91 4% 681
1-16  WEIGHTED AVERAGE 1080 1552 1334 11009 1039 1030 11010 935 970 ji0i1 873 9371038 1403 1235 | 985 614 785|
NORTH CAROLIMA (1]
DIVISION CREENSBORD RALEIGH ARRON CANTON CIMCINATI CLEVELAND
MAT. INST. TOTAL | MAT. INST. TOTAL | MAT. INST. TOTAL | MAT. IMST, TOTAL | MAT. INST. TOTAL | MAT. INST. TOTAL
i3 TAL | MAT. Ad AT VRN OUML | MAT. Ml Defa
{ SITE WORK 94 865 886 | 992 898 950 | 1170 980 1084 | 1051 900 1015 | 925 1000 9631222 1068 1153
11 FOAMWORK f Wo4 563 o6A| 1050 562 EI4 | 1128 1029 0S| 1102 937 977 |1002 957 967 | 1215 1170 11RO
11 WEINFORCING 822 614 734 918 614 01| 982 1102 1033 ) 082 ed42 9231057 47 1010 | 4B 1102 956
33 CAST I PLAGE CONC. 994 906 W0 |1072 955 599 896 992 955 | B96 997 958 | 874 70 933 | 919 1117 I046
3 COMCRETE 95 745 2111038 769 BG6| 963 1016 997| %0 959 960 | 941 662 955 976 1134 1077]| em
4 MASOMRY 1027 451 SB3| 892 451 S52| 936 1054 1027|1075 908 546 | M8 b 879 | %64 108 75| gy
S METALS 912 744 51| 912 760 656 | 989 10S1 1012 B9 892 %54 | 985 958 975|104 1081 1064| g
§  WDOD & PLASTICS 18 587 38| 950 587 7531047 103 1045 (1033 928 676 [1093 639 1010|1425 150 176| qu
T WOISTURE PROTECTION 867 428 M5 972 08 M| N0 B MY W) 4 SA5| 960 1003 974|085 1191 S| e
| DOORS, WINDOWS. GLASS| 514 569 735( 855 569 707 /1013 1072 1044 | BR4 821 RS2 | 966 905 935 | 940 1140 1044 >
31 LATH & PLASTER §74 595 6BA | 1066 536 654 | 1159 1004 (041 | 1021 844 911 | M0PS  S4T  WAT | IG4T 1130 1110]| .
31 pRYwaL BS7 574 25| %54 574 7B | 1125 1047 M0R® | 1I07 %00 lod) | 478 833 887 (1002 1156 l07S
55 acousTicAL woRk 876 513 IST|i0BE 573 B0 | 826 1044 944 | 1015 926 966 | 963 9368 952 | 983 1153 147E E
Y% rLoorING B39 44D 74| 1006 440 G0 | 824 936 854 {1142 860 1065 910 9§23 94| 852 1115 923
35 punnvG 910 515 45| 904 515 643} 1077 1064 1067 | 1014 901 5251030 903 929 | 1045 1188 |58 8
3 FINISHES BRA_ 566 70G| 975 562 756 1031 1043 1037 1098 896 991 | 969 623 945 | 978 1Er 1076
14 ToTAL DAY, 1014 1800 731 920|100 731 920|000 1026 1007 | 1000 996 598 [loDD 531 979 | 1000 1087 1025
}5 MECHANICAL 856 503 76| 971 83 A2 | 681 E94 043 | 992 7S B84 | 982 93T 96S | IOL3 1071 1042
HE_ ELECTRICAL 576 SRS 105 %94 385 711 | W45 PRI 907 | 934 808 ga7 | 998 g75 913 953 ) 103.1

LlE__WEIGHTED AVERAGE 54420 7o0| s64 627 83| 999 sas 6984 936 965 sae se9lto21 o7 107




Mistorical and City Cost Indexes

Historical Cost indexes

Tha tabie helow lists both the Maans City Cost Index based on Cost Indaxes" or as printed in the “Engineering MNews-Record.” To
Jan, 1, 1975 = 100 az wail as the computed value of an indax computa the actual index based on Jan. 1, 1993 = 100, divide
based on Jan. 1, 1883 costs. Since the Jan, 1, 1933 figure is the Quarterty City Cost index for a particular year by the actual Jan.
estimated, space is left to writa in the actual index figures as they 1, 1993 Quarterly City Cost Index. Space has bean left 1o advance
pacome available through either the quarterly "Means Construction  the index figures as the year progresses.

Quarterty City Current Index Quarterty City Current index Quarterly City Current index
Cost Index Based on Cost Index Based on Cost Index Based on
Year QJanm. 1, 1975 = 1000Jan. 1, 1993 = 100) Year |Jan 1, 1975 = 100|Jan 1, 1993 = 100 Year |Jan, 1, 1975 = 100/Jan. I, 1993 = 100
Est. Achoal Ext, Artual Achaal Est. Actual Actual Est Actuat
(Oct 19493 July 1978 1224 532 Juty 1960 45.0 | 196
July 1993 1977 1133 492 1959 44.2 192
April 1993 1976 1073 46.6 1858 430 a7
Jan 1893 1 2301 100.0 1000 | | 1975 102.6 44.6 1957 422 183
'Tr:.r 19932 22158 989 1974 a7 41.2 1956 40.4 176
1991 2216 96.3 1573 863 ars 1955 381 16.6
1880 2159 238 1572 .7 4.6 1954 36.7 12.9
1869 2109 a7 1971 735 a3l 1953 3b6.2 187
1588 2057 A%.4 1970 B5.8 28.6 1952 35.3 15.3
. 1867 200.7 Bl | 1969 6lb 268 1951 344 15.0
1586 1928 B3iA 1968 569 24.7 1850 34 135
1585 189.1 822 1967 h39 234 15949 304 132
1964 187.6 Bl.5 | 1966 51.9 226 1948 304 132
- 1583 183.5 79.7 i 1955 49.7 216 1947 216 12.0
E 1282 1743 | 757 1962 48.6 211 1946 232 101
i 1981 160.2 B9.6 1963 73 | 208 1945 20.2 as
| 1980 144.0 B2.6 1562 46.2 2011 1944 1%.3 B4
-‘Ei 1979 1323 57.5 1961 45.4 18.7 ¥ 1943 186 &l
lity Costs Indexes
abulated on the following pages are average construction cost in the Instaliation costs are the representative equipment costs

ﬁxa! t?rri :52 :1;3;« l.i.1=I . and Canadlan mhlnm I'Ig;m far tor those items requiring equipmant.
material and Instaliation are based on the 30 major city average divis book containg many
1 100 and represent the cost relationship as of July 1, 1992, The ?m mmby the particular city m%“;ﬁ: e
dex for each division is computed from reprasentative material and  incorrect results, However, when all the book costs for a panticular
r quantities for that division. The weighted average for each division are summarized and then facioned, the resutt should be
cty is a weighted 1ctal of the components listed above It, but G088 ygry cioge to the actual costs for that particular division for that city.

et include relative productivity between trades or cities. f & project has a preponderance of materials from any paricular

& matrinl index for e WhiGhted avarkge inchidis shout 100 division (say structural steel), then the weighted average index
ic construction materials with appropriate quantities of each :
material 1o represant typical *average® building canstruction :I_'lpl.;d:n!:a adjusted in proportion to the vn?ua of the facior for that

BC1E.

1 ingtaltation index for the weighted average includes the
ribution of about 24 construction traces with their repregsentative
man-days in proportion to the matarial Hems installed. Also included

Mote: For listing of the 30 major cities see reference number
RO33-060

I lustments to Costs

Adjusiment using the Historical Cost indexes: Location Adjustment using the City Cost indexes:
ndex for Year A Index for Ciy A

mecwlnYmE-Wthﬁ x Cost In City B = Cost in City A

Index for City B
Adjustment from the National Average:
Index for City A

M A
ational Average Cost x o0

= Costin City A

' : The City Cost Indexes for Canada can be used 1o convert
U.S. National avereges to local costs in Canadian dollars.

L
L
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SOIL SURVEY

TABLE 10.—Decaree and Iind of limitations

Soil series and
map symbols

Foundations for dwellings—

With basements

Without basements

Septic-tank
absorption ficlds

Sewave lagoons

Sanitary landfills?

Abbottstown:
AbA, AbB.

Amwell:

AmB,AnB...__......

Arendtsville:

Bartley:

Birdsboro:

ArB,ArC...

BaC.._.......

Severe: seasonal
high water table
perched at a
depth of % foot to
13 feet.

Severe: seasonal
high water table
perched at a
depth of 1 foot to
4 feet.

Severe: seasonal
high water table
perched at a
depth of 1 foot to
4 feet.

Slight. et

Moderate: scasonal
high water table
erched over
ragipan at a depth
of 2 to 4 feet.

Moderate: strongly

sloping.

Severe: seasonal
high water table
perched at a
depth of } foot to
14 feet.

Severe: seasonal
high water table
perched at a
de{pth of 1 foot to
4 feet.

Severe: seasonal
high water table
perched at a
depth of 1 foot to
4 feet.

Moderate: frost
action potential.

Moderate: seasonal
high water table
perched at a
depth of 2to 4
feet,

Moderate: frost
action potential.

Moderate: frost
action potential.

Moderate: strongly
sloping; frost
action potential.

Severe: seasonal
high water table
perched at a
depth of 4 foot to
14 feet: slow
permeability in
subsoil; bedrock
at a depth of 3}
to 44 feet.

Severe:  seasonal
high water tuble
perched at a
depth of 1 foot to
4 feet: slow per-
meability in fragi-
pan; hard bedrock
at a depth of 33
to more than 5
feet in places.

Severe: seasonal
high water table
perched at a
defpth of 1 foot to
4 {eet; slow per-
meability in fragi-
pan; hard bedrock
at o depth of 3}
to more than §
feet in places.

Slight: hazard of
ground-water
pollution.

Severe: seasonal
high water table
perched over
fragipan at a depth
of 2 to 4 feet;
moderately slow
permeability.

Slight: hazard of
ground-water
pollution.

Slight: hazard of
ground-water
pollution,

Moderate: strongly
sloping; hazard of
ground-water
pollution.

Moderate:  bedrock -
at a depth of 3}
to 4} feet: AbB is
gently sloping.

Maderate:  gently
sloping; hard bed- |
rock at a depth of |
34 to more than 5 |
feet in places.

Severe: strongly
sloping.
|
I
Severe: moderately |

rapid permeability
in substratum.

Severe:  strongiy
sloping.

Severe: maderate
to rapid perme-
ability.

Severe: moderate
to rapid perme-
ability.

" Severe:

Severe:

Severe:

Severe: moderate
to rapid perme-
ability; strongly
sloping.

Nevere: seasonal
high water table
perched at a
depth of % foot to
1} feet; rippable
bedrock at a
depth of 3% to 4%
feet.

seasonal
high water table
perched at a
depth of 1 foot to
4 feet; hard bed-
rock at a depth of
3% to more than

5 feet in places.

Severe: seasonal
high water table
perched at a
depth of 1 foot to
4 feet; hard bed-
rock at a depth of
3% to more than
5 feet in places.

Severe: moderately
rapid permeability
in substratum
creates hazard of
ground-water
pollution,

seasonal
high water table
perched at a
depth of 2 to 4
feet; hazard of
ground-water
pollution in frac-
tured limestone
bedrock.

Severe: rapid per-
meability in sub-
stratum creates
hazard of ground-
water pollution.

rapid per-
meability in sub-
stratum creates
hazard of ground-
water pollution.

Severe: rapid per-
meability in sub-
stratum creates
hazard of ground-
water pollution.
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Local ronds
and streets

Lawns, landscaping,
and golf fairways

Athletic ficlds

Picnic and
play arcas

Campsites for
trailers and
tents

Paths and trails

Severe:

Maderate:

Moderate:

Moderate:

Severe: seasonal high
water table perched at
adepth of 4 foot 1o

14 feet; high potential
frost action.

Severe: seasonal high
water table perched st
a depth of 1 foot to 4

- feet; high potential
frost action.

scasonal high
waler table perched at
a depth of 1 foot. to 4
feet; high potential
frost action.

. potential
frost action.

Severe:  seasonal high
water table perched at
a depth of 210 4 feet;
high potential frost
actioti.

_ high potential
frost action.

high potential
frost action.

Moderate:  potential
frost action.

Moderate: scasonal
high water table
at a depth of §
foot Lo 14 fecel.

Moderate: seasonal
high water table
perched at a
dc{)l.h of 1 foot to
4 feet.

Maoderate:  seasonal
high water table
perched at. a
depth of 1 oot to
4 feet.

Maoderate:  high
gravel content.

Moderate:  strongly
sloping.

Slight. ... ...

Slight . oo o.o

Moaoderate:  strongly

sloping.

Severe:  scasonal
high water table
at a depth of }
foot to 14 feet.

Severe:  seasonal
high water table
perched at 2
depth of 1 foot Lo.
4 feet.

Severe:  seasonal
high water table
perched at a .
depth of 1 fool to
4 (‘t):ct.; strongly
sloping.

Severe:  high
gravel content.

Severe:  strongly
sloping.
Slight. ... ...

Moderate: gently
sloping.

Severe:  strongly
sloping.

Moderate: water
tabic above a
depth of 20 inches
for short period
during scason of
usc.

Slight: water table
below a depth of
20 inches during
scason.of usc..

Moderate: strongly
sloping.
Muoderate: moder-

ate gravel contenl
on surface.

Moderate: strongly

sloping.

Slighteeceoeecannnn

Moderate:

g strongly
. sloping,

Moderate: water
table below a
depth of 20 inches
during scason of
use.

Moderate:  water
table below o
depth of 20 inches
during scason of
usc.

Moderate: water
table below a
depth of 20 inches
during season of
use.

Moderate: moder-
ate gravel content
on surface.

Modcerate: strongly

sloping.

Moderate:
sloping.

strongly

Moderate: water
table below a
depth of 20 inches
during scason of
use.

Slight: water table
below a depth of
20 inches during
season of usc.

Slight: water table
below a depth of
20 inches during
season of use.

Moderate: moder-
ate gravel content
on surface.

Slight.

Slight.

Slight.

Slight.
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[An asterisk in the first column indicates that at least one mapping unit in this series is made u
other series that appear in t

S0IL SURVEY

TasLe T.—Estimated soil propertics

of two or more kinds of s0il. The soils 10 such
he first column of this table. Absence of data indicates that soil 1= oo vas

| Depthio— | Classification ' Coaree
I Depth [ | fraction
Soll series and — Hzl;:lm TEDA texture ! gnt!:ter !
| [ni] than i
TRk ooty Bedrock | high water TUnified AASHTO | 3 inche:
table
bottstown: AbA, AbB 34} T | T8 | st ML or CI AdorAd | 02
Al I JADE. .. % | 1 L e ! ar UL A=4 OT A~ 2
h % | 0-19 | Silt loam, silty clay loam.. ... ML or CL A-4 or A-B 0-2
18-35 | Silt loam. .. .ccnvevnnanmenaa| ML or CL A-4 or A-G 0-2
35=48 | Shaly silt loam. ... .. _. ML, é!é.. 8M, A=4 or A-f =5
or
45 | Red shale bedrock.
Amwell: AmB, AmC, A=->5 1-4 O0=14 | Gravelly loam._......... ... MLor CL A-4 or AR ! 0-10
M . 14-21 | Clay loam....coceceencacao- ML or CL A<t or A-G =10
91-36 | Loam ... ... ML, Elé GM, |Adords6 | 0-10
ar |
36-60 | Fine sandy loam...cv.vunnn. 83, 8C, ML, A~ |'I 0=10
. CL, GAI, .
or GC |
Arendtaville: ArB, ArC.. ... =5 =4 0=15 | Gravelly loam......cceuen... ML, gé. S\, | A=4 or A-G =3
or
1543 | Gravelly loam, gravelly ML or CL A-d, A-G, =5
| sandy elay loam, A-G, or
| A7
4380 | Gravelly sandy loam.__._____| GM or 8M A-2 or A4 5-10
Bartley: BaC........o.o--. =4 2-4 O-15 | Lo .. ccececeecmem s | ML or CL A or A-G 0-5
. 15-25 { Loam___.__... e e ML or CL | A=+ or A-G (=3
2543 | Clay boam ... ooeooeoom e ML, gé... BM, | Ador A6 0-10
! or I
43-50 | Loam....oooooovneoeooeoo..| BMor 5C | A2, A-4, -3
or A-3
50 | Limestone bedrock,
Birdsbore: BdA, BdB, B4C. . =5 =4 0-12 | Silt loamie e eeee e cceaca e ML or CL A-d ar AG 0-2
12-38 | Silt loam, silty clay loam____.| ML or CL | A4 or A< n-2
3%-56 | Sandvloam... ... ... ____ &M or BC i A-2aor A 0-2
| 56-70 | Stratified sand and gravel____| 3M, GM, 8C, | A-2 -1
| or GC !
Bowmansville: Bl........... 35 -1 0-17 | Silt loam - oo oo ML ar CL | A-d or AD 0-3
Very 17-47 | Clay loam. sandy clay loam, | ML, CL, 8M, | A-4or Al =3
fre- finie sandy jeam. or 80 !
wently 47-80 | Stratified sand and gravel. _._| BA, GM, BC. ¢ A-l or A-2 (-5
poded. ) GC, GW-8M, | .
GP-GM,
SP-8)M. or .
BW-8)] !
Bucks: BuB,BuC2._........ H->5 >4 0-25 | Silt doam. o eeiirininanannnns ML or CL PAE e
25-33 | Siltboam. .. ... ... ....... ML or CL v, O e S
35-44 | Shalvsiltloam.. ... . ... GAL 8AL ML, A-Z2aor A | 5-13
or CL i
| 44 | Shaele bedrock. ' ;
Califon: GaB, GeB.......... >3 2% | 0-11 ! Gravelivloam ... MLorCL ~ Adoras | 0-10
| 11-22 | Loam . oo oo ccccmcnaad| I‘-IL.E& 2C, A=d or A= 0=10 I
1 | or &)
I 22-52 | Lioam:ce sesivaniines s | 8M, BC, ML, | A-dor A 0-10 |
ar
| 52-85 | Gravelly sandy loam...__..._| 8M, 8C, ML, A2 or A4 0-10 |
| | or CL
Chelfont: CdB, CdC, CeB, 3-=3 14 0-15 | Silt loam. . cvuvunnn I ML or CL A-d or A-G | -3
CaC, CeE. 1540 | SiltJoam. unwaee e reeas | MLer CL A-4 or A0 -3
' | 40-50 | Silt joam.........co.oeeennof MLor CL A3 [}~1'I]|
i 50 | Argillite bedrock. i ;
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sraniiicant v engineering

mupping units may have different properties and limitations. wnd for this reason it is necessary to follow rarefully the mstructions for referring to

= able o be rated or that no estimate was made. The svmbal > means greater than; < means less than|

! Percentage less than
| 3 inches passing sieve—

i Available

e Liguid  Plasticity | Permeability water Reaction? Shrink-swell

x4 Na. 10 No. 40 No. 200 limit® index? i capacity potential

LT 20 | (042 {0,074 ;

i miml mm¥ | mm ! mm}

| |

[ i i i I

| I |' | ! Imcker par imch

| | H | Iwcher prr bouwr af el ol !
95-100 | 90-100 | S0-93 | 70-60 20-35 | 5-15 0. 6-2.0 10, 150,22 4.5-5.0 | Low.
05-100 | 90-100 | 85-93 T0-R5 20-3i | 5-15 n.o-08 0.18-0.22 | 4.5-5.0 | Low.
05100 | S0-90 TO-80 | BO-R0 | 20-33 =13 <02 | 0.10-0. 14 5.1-6.0 | Low,
»0-100 | T0-80 050 4570 | 20-35 3=13 0.2-0.6 ] 0.10-0.14 5.1-6.0 | Low,

! | [

| RA-83 TS-85 | RO-R0 S0-80 | 20-35 §-12 0.2-2.0 0.14-0.17 3.1-6.0 | Low.
7585 7583 70510 B3-H0 | 25-35 512 | 0.2-2.0 | 0.13-0.17 5.1-6.0 | Low to moderate.
ti5-95 =50 | 40-50 1560 25-35 5-15 | <0.2 0.08-0.12 5.1-6.5 | Low.
i5-05 A3-80 40-80 35-35 20-30 310 2.0-6.0 0.08-0.12 5.1-6.5 | Low,

| |
7595 T0-90 | 3580 | 45-T0 | 2033 3-13 2.0-6.0 0.13-0.17 <4.5-5.5 | Low.

T ss-05 S0-00 | 65-50 | 50-75 | 20-30 5-25 0.6-6.0 0.13-0.17 1.5-5.5 | Low.
[i0-T5 40-75 | 40-T0 | 30-50) mveul NP-3 2.0-6.0 | 0.05-0.10 4.5-5.5 | Low.
B5-100 | 8305 | 75-95 | 60-90 |  30-50 | 5-20 | 0.6-2.0 10.16-0.20 6.1-6.5 | Moderate.
G5-100 | =595 .  R0-90 65-75 | 2545 | 3-20 0.6-2.0 0.14-0.18 6.1-6.5 | Moderate,

| W-100 | 53-85 | 0D-73 40-35 zﬂ—m| 5-20 0.2-0.6 0.08-0.12 6.6-7.3 | Low,

i |

Jf 0100 | 5595 7080 | 30-50 | 2545 | =10 0.6-2.0 0.08-0.12 6.8-7.3 | Low,

| e |

[ 93-100 r-'é..-:m! R3-100 | 50-90 | 254..5! 3-12 | 0.6-2.0 0.20-0.26 4.55.5 | Low.

J G0-100 | S3-100 | s0-100 | 50-95 25-35 | 5-15 | 0.6-2.0 0.14-0.20 4.5-5.5 | Low.

[ M0-100 | S5-100 | sn-€0 B-50) 2030 | 5-10 | 0.6-6.0 0.10-0_14 4.5-5.5 | Low.

| =100 | 30-%D J0-70 10-30 :~.'i.—m| XP-3 2.0->6.0 0.06-0.10 4.5-3.5 | Low

1 | 1
f 1 [} 1

4 0E-100 | 00-100 | 90-100 | T5-85 20-30 | NP-10 0.6-2.0 10,20-0.26 4.5-5.5 | Low.
93-100 | 80-100 |  s0-100 |  35-85 25-35 | 5-15 0.2-0.6 0.20-0.24 4.5-6.0 | Low.

| 40=100 40-100 | 40-80 5-30 10-20 | NP-10 | 2.0->6.0 0.03-0.10 4.56.0 | Low,

L 95-100 | 95100 | 90-100 |  60-90 5-35 | 4-10 | 0.2-2.0 0.18-0.24 4.5-5.5 | Low.

|OED-100 | T0-100 | 70100 | 60-95 25-35 | 410 | 0.2-2.0 0.15-0.24 4.5-5.5 | Low.

| BO-80 B0-50 0-80 | 15-70 20-30 | 2-10 0.2-2.0 0.08-0, 16 4.55.5 | Low.

|
. S0-100 | §5- T0-80 50-70 | 20-30 8-12 0.6-2.0 10.13-0.17 4.5-3.5 | Low.
| S5-100 | T5-00 | 63-80 45-80 | 25-35 512 0.6-2.0 0.13-0.17 4.5-5.5 | Moderate.
]
85-100 | 7300 B#0-50 40-80 | 20-30 i-12 <0.2 0.06-0. 10 4.5-5.5 | Low.
55-95 T5-90 ‘ 60-80 | 30-70 15-25 5-10 | 0.6-2.0 0.06-0,10 4.5-5.5 | Low.
H0-100 gu~1m| 75100 | 70-05 25-40) 5-15[ 2-2.0 10.20-0.24 4.5-5.5 | Low.
O-100 | 90-100 | S0-100 | T0-85 2540 | 513 <012 0.08-0.12 | 4.5-5.5 | Low.
S0-100 | T0-80 T0-80 H0-80 25-35 | i-10 | 0 0.08-0.12 I 4.55.5 | Low.
i ' I
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T S e e S o T - - S ) S S S 5 S et i . R Lo e T

7 SECTION 1 CHEMICAL PRODUCT AND COMPANY IDENTIFICATION T
MATHESON GAS PRODUCTS : EMERGENCY CONTACT:
30 SEAVIEW DRIVE _ CHEMTREC 1-800-424-9300

SECAUCUS, NEW JERSEY 07096
(201) B867-4100

CAS NUMBER: 7664-41-7
RTECS NUMBER: BOOB75000
SUBSTANCE: AMMONIA, ANHYDROUS
TRADE NAMES/SYNONYMS:
ANHYDROUS AMMONIA; AMMONIA GAS; AMMONIA; NITRO-SIL; R 717;
SPIRIT OF HARTSHORN; STCC 4904210; UN 1005; HIN; MAT01050

CHEMICAL FAMILY:
Inorganic gas

CREATION DATE: 01/24/89 REVISION DATE: 12/07/94

7 SECTION 2 COMPOSITION, INFORMATION ON INGREDIENTS T

COMPONENT : AMMONIA, ANHYDROUS
CAS NUMBER: 7664=-41-=7
PERCENTAGE: 100.0

OTHER CONTAMINANTS: NONE

—————— ————— " - - — i -

7 SECTION 3 HAZARDS IDENTIFICATION 7

CERCLA RATINGS (SCALE 0=3): HEALTH=3 FIRE=1 REACTIVITY=0 PERSISTENCE=(D
NFPA RATINGS (SCALE 0-4): HEALTH=3 FIRE=1 REACTIVITY=0

EMERGENCY OVERVIEW: i

Colorless gas with an extremely pungent odor.
Causes severe burns to mucous membranes. Causes respiratory tract, skin and
eye irritation, possibly severe.
Container may rupture in heat of fire.
Do not breathe gas. Do not get in eyes, on skin, or on clothing. Keep away
from heat and flame. Do not puncture container. Keep container tightly
closed. Wash thoroughly after handling. Use only with adeguate wventilation.
Handle with caution.

POTENTIAL HEALTH EFFECTS:

INHALATION:
SHORT TERM EFFECTS: May cause irritation, possibly severe. May cause effects
as reported in short term exp as reported in short term exposure. Additional
sense of smell, nausea, vomiting, difficulty speaking, chest pain,
difficulty breathing, high blood pressure, headache and lung damage.
LONG TERM EFFECTS: May cause effects as in short term exposure. Additional
effects may include digestive disorders.

SKIN CONTACT:
SHORT TERM EFFECTS: May cause irritation, possibly severe. Additional
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effects may include blisters, frostbite and numbness.
LONG TERM EFFECTS: Same effects as short term exposure.

EYE CONTACT:
SHORT TERM EFFECTS: May cause irritation, possibly severe. Additional
effects may include frostbite, tearing, blindness and glaucoma.
LONG TERM EFFECTS: Same effects as short term exposure.

T“INGESTION: .
SHORT TERM EFFECTS: May cause burns. Additional effects may include
frostbite, fever, difficulty breathing, low blood pressure, kidney damage
and shock.
LONG TERM EFFECTS: Same effects as short term exposure.

CARCINOGEN STATUS:
OSHA: N
NTP: N
IARC: N

—— - - v - ————— - - -

¥ SECTION 4 ' FIRST AID MEASURES 7

————— - —— ———————— . - . T ——— =

INHALATION:

FIRST AID- Remove from exposure area to fresh air immediately. Perform
‘artificial respiration if necessary. Maintain airway, blood pressure and
respiration. Keep warm and at rest. Treat symptomatically and supportively.
Get medical attention immediately. Qualified medical ;ersunnal should
consider administering oxygen.

SKIN CONTACT:

FIRST AID- Remove contaminated clothing and shoes immediately. Wash with
soap or mild detergent and large amounts of water until no evidence of
chemical remains (at least 15-2Q minutes). If burns occur, proceed with the
following: Cover affected area securely with sterile, dry, 1cnse-f1tting
dressing. Treat symptnmatlcally and supportively. Get medical attention
immediately.

EYE CONTACT:

FIRST AID- Wash eyes immediately with large amounts of water, occasionally
lifting upper and lower lids, until no evidence of chemical remains (at
least 15-20 minutes). Continue irrigating with normal saline until the pH
has returned to normal (30-60 minutes). Cover with sterile bandages. Get
medical attention immediately.

INGESTION:

FIRST AID- Give large amounts of water or milk immediately. Allow vomiting to
occur. Do not perform gastric lavage ﬂr.induca emesis. Esophagoscopy is the
only way to exclude th possibility of correosion in the upper gastro-
intestinal tract; if corrosion is suspected, esophagoscopy should usuall
be performed within 24 hours. (Dreisbach & Robertson; Handbook of Poisoning;
12th Ed.). Do not give anything by mouth if person is unconscious or
otherwise unable to swallow. If vomiting occurs, keep head lower than hips
to help prevent aspiration. Maintain airway and respiration. Treat
symptomatically. and. supportively. Get medical attention immediately.

NOTE TO PHYSICIAN
ANTIDOTE:
No specific antidote. Treat symptomatically and supportively.
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L T T Ty ———————— - —— — T ——— T - i S e S

7 SECTION 5 FIRE FIGHTIHG HEAEU275 T

— v i — —— ——— -

FIRE AND EXPLOSION HAZARD: :
Slight fire hazard when exposed to heat or flame.

Moderate explosion hazard when exposed to heat or flame.

EXTINGUISHING MEDIA: .
Dry chemical or carbon dioxide
(1993 Emergency Response Guidebook, RSPA P 5800.86).

For larger fires, use water spray, fog or regular foam
(1993 Emergency Response Guidebook, RSPA P 5800.8).

FIREFIGHTING:

Do not get water inside container. Move container from fire area if you can do
it without risk. Apply cooling water to sides of containers that are exposed
to flames until well after fire is out. Stay away from ends of tanks. Isolate
area until gas has dispersed (1993 Emergency Response Guidebook, RSPA P
5800.6, Guide Page 15).

Extinguish using agents indicated. Cool containers with flooding amounts of
water from as far a distance as possible. Use water spray to absorb corrosive
vapors. Avoid breathing corrosive vapors; keep upwind. Consider evacuation of
downwind area if material is leaking.

Stop flow of gas (NFPA 325M, Fire Hazard Properties of Flammable Liquids,
Gases, and Volatile Solids, 19%1).

FLASH POINT: no data available
LOWER FLAMMABLE LIMIT: 15%
UPPER FLAMMABLE LIMIT: 28%
AUTOIGNITION: 1204 F (651 C)

HAZARDOUS COMBUSTION PRODUCTSHAZARDOUS COMBUSTION PRODUCTS:
Thermal decompcsition may release corrosive fumes of ammonia and toxic oxides

of nitregen.

- - — -——

v e e o v

7 SECTION 6 ACCIDENTAL RELEASE HEASURES 7

- —— i —— -

OCCUPATIONAL EPILL

Stop leak if you can do it without risk. Use water spray to reduce vapors; do
not put water directly on leak or spill area. Do not get water inside
container. Isolate area until gas has dispersed. For small spills, flush area
with flooding amounts of water. For larger spills, dike far ahead of spill for
later disposal. Keep unnecessary peocople away; isolate hazard area and deny
entry. Stay upwind, out of low areas, and ventilate closed spaces before
entering. Isclate the leak or spill area immediately for at least 150 feet in

all directions.

Reportable Quantity (RQ): 100 pounds

The Superfund Amendments and Reauthorization Act (SARA) Section 304 requires
that a release equal to or greater than the reportable gquantity for this
substance be immediately reported to the local emergency planning committee
and the state emergency response commission (40 CFR 355.40). If the release of
this substance is reportable under CERCLA Section 103, the Naticnal Response
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Center must be notified immediately at (800) 424-8802 or (202) 426-2675 in the
metropolitan Washington, D.C. area (40 CFR 302.6).

SOIL SPILL:

Dig a holding area such as a pit, pond or lagoon to contain spill and dike
surface flow using barrier of soil, sandbags, foamed polyurethane or foamed
concrete. Absorb liquid mass with fly ash or cement powder.

Add dilute acid to neutralize.

AIR SPILL:

Apply water spray to knock down and reduce vapors. Knock-down water is
corrosive and toxic and should be diked for containment.

WATER SPILL: )

Neutralize with vinegar or other dilute acid.

Use mechanical dredges or lifts to extract immobilized masses of pollution and
precipitates.

7 SECTION 7 HANDLING AND STORAGE F

Observe all federal, state and local requlations when storing this substance.
Store in accordanee with 29 CFR 1910.111. -

Protect against physical damage. Outside or detached storage is preferred.
Inside storage should be in a cool, well-ventilated, noncombustible location,
away from all possible sources of ignition. Separate from other chemicals,
particularly oxidizing gases, chlorine, bromine, iodine, and acids (NFPA 49,
Hazardous Chemicals Data, 1975). -

Store awéy from incompatible substances.

Store in a cool, dry, well ventilated area.

Threshold Planning Quantity (TPQ):

The Superfund Amendments and Reauthorization Act (SARA) Section 302 requires
that each facility where any extremely hazardous substance is present in a
quantity equal to or greater than the TPQ established for that substance
notify the state emergency response commission for the state in which it is
located. Section 303 of SARA requires these facilities to participate in local
emergency response planning (40 CFR 355.30).

Threshold quantity (TQ): 10,000 pounds

The Occupational Safety and Health Administration (OSHA) Process Safety
Management (PSM) standard requires that facilities utilizing a process which
involves a chemical at or above its specified threshold quantity comply with
the provisions of 29 CFR 1910.119, Process Safety Management of highly
hazardous chemicals.
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s SECTION 8 EXPOSURE CONTROLS PERSONAL PROTECTION T
EXPOSURE LIMITS:
AMMONIA, ANHYDROUS:

35 ppm (27 mg/m3) OSHA STEL

25 ppm (18 mg/m3) ACGIH TWA; 35 ppm (27 mg/m3) ACGIH _STEL

25 ppm (18 mg/m3) NIOSH recommended TWA;

35 ppm (27 mg/m3) NIOSH recommended STEL

50 ppm (35 mg/m3) DFG MAK TWA;

100 ppm (70 mg/m3) DFG MAK 5 minute peak, momentary value, 8 times/shift

Measurement method: Passive sampler; none; ion chromatography,
(NIOSH Vol. III # 6701).

500 pounds SARA Section 302 Threshold Planning Quantity

100 pounds SARA Section 304 Reportable Quantity

100 pounds CERCLA Section 103 Reportable Quantity

10,000 pounds OSHA Process Safety Management Threshold Quantity
Subject to SARA Section 313 Annual Toxilc Chemical Release Reporting

**0SHA revoked the final rule limits of January 19, 1989 in response to the
11th Circuit Court of Appeals decision (AFL-CIO v. OSHA) effective
‘June 30, 1993. See 29 CFR 1910.1000 (58 FR 35338)**

VENTILATION:
Provide local exhaust ventilation and/or general dilution ventilation to meet

published exposure limits.

EYE PROTECTION:
Employee must wear splash-proof or dust-resistant safety goggles and a
faceshield to prevent contact with this substance.

Emergency wash facilities:

Where there is any possibility that an employee's eyes and/or skin may be
exposed to this substance, the employer should provide an eye wash fountain
and quick drench shower within the immediate work area for emergency use.

CLOTHING:
Employee must wear approprlate protectlve (1mperv1ous) clothing and equipment
to prevent any possibility of skin contact with this substance.

GLOVES:
Employee must wear appropriate protective gloves to prevent contact with this

substance.

RESPIRATOR:
The following respirators and maximum use concentrations are recommendations

by the U.S. Department of Health and Human Services, NIOSH Pocket Guide to
Chemical Hazards; NIOSH criteria documents or by the U.S. Department of
Labor, 29 CFR 1910 Subpart Z.

The specific respirator selected must be based on contamination levels found
in the work place, must not exceed the working limits of the respirator and
be jointly approved by the National Institute for Occupational Safety and
Health and the Mine Safety and Health Administration (NIOSH-MSHA).

AMMONIA:
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250 ppm- Any chemical cartridge respirator with cartridge(s) providing
protection against ammonia.
Any supplied-air respirater.
Any self-contained breathing apparatus.

_500 ppm—- Any powered, air-purifying respirator with cartridge(s) providing
protection against ammonia.

Any self-contained breathing apparatus with a Full face-piece.

Any supplied-air respirator with a full face-piece.

Any air-purifying, £ Any air-purifying, full-facepiece respirat
chin-style, front- or back-mounted canister providing protection
against ammonia.

Any chemical cartridge respirateor with a full facepiece and
cartridge{s} providing protection against ammonia.

Any supplied-air respirator operated in a continuous-flow mode.

Escape- Any air-purifying, full-facepiece respirator (gas mask) with a ]
chin-style, front- or back-mounted canister providing protection
against ammonia.

FOR FIREFIGHTING AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR HEALTH CONDITIONS:

Any self-contained breathing apparatus that has a full facepiece and is
" operated in a pressure-demand or other positive-pressure mode.

Any supplied-air respirator that has a full facepiece and is operated in a
pressure-demand or other positive-pressure mode in combination with an
auxiliary self-contained breathing apparatus operated in pressure-demand
or other positive-pressure mode. .

T SECTION 9 PHYSICAL AND CHEMICAL PROPERTIES T

DESCRIPTION: Colorless gas with an extremely pungent odor.
MOLECULAR WEIGHT: 17.63 2

MOLECULAR FORMULA: N-H3

BOILING POINT: -27 F (=33 C)

FREEIING POINT: =108 F (-78 C)

VAPOR PRESSURE: 6658 mmHg € 21 C

VAPOR DENSITY: 0.5967

SPECIFIC GRAVITY: 0.7067 g/L & 25 C

WATER SOLUBILITY: 38% B 20 C

PH: 11.6 B 1-/0 N soln

ODOR THRESHOLD: 1-5 ppm

EVAPORATION RATE: not applicable

SOLVENT SOLUBILITY: Soluble in methanol, ethanecl, chlorocform, ether,
and other organic solvents.

¥ SECTION 10 STABILITY AND REACTIVITY

- —— ——— —— ——

REACTIVITY:
Stable under normal temperatures and pressures.

CONDITIONS TO AVOID:

Material is extremely poisonous; avoid inhalation of vapors or contact with
skin. Contents may be under pressure; containers may rupture wviolently and
travel a considerable distance.
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INCOMPATIBILITIES:

AMMONTIA, ANHYDROUS:
ACIDS: Violent reaction. )
ALDEHYDES: May undergo violent exothermic condensation.
ALKYLENE OXIDES: May undergo violent exothermic condensation.
ALUMINUM: May be corrosive.
AMIDES: Possible violent reaction.
BORON: Incandescent reation with release of hydrogen gas when heated.
BORON HALIDES: Violent reaction.
CALCIUM: Exothermic reaction which may become incandescent.
CHLORIC ACID: Formation of explosive compound.
CHLORINE AZIDE: Formation of explosive compound.
CHLORINE MONOXIDE: Explosive mixture.
CHLORITES: Forms shock-sensitive compound.
CHLOROFORMAMIDINIUM NITRATE: Violent reaction.

1-CHLORO-2,4~DINITROBENZENE: Violent reaction with possible explosion.
2-CHLORONITROBENZENE Violent reaction.
CHLOROSILANE: May form spontaneously flammable compound.
CHROMIUM TRIOXIDE (CHROMIC ANHYDRIDE): Exothermic oxidation with possible
. incandescence.
CHROMYL CHLORIDE: Incandescent reaction with possible ignition.
COPPER: May be corrosive.
DIAMMINEBORONIUM HEPTAHYDROTETRABORATE: Violent decomposition.
DIBORANE: Ignition.
1,2-DICHLOROETHANE: May explode on contact with the liquified gas.
DIMETHYL SULFATE: Violent reaction.
GERMANIUM DERIVATIVES: Possible explosion.
HALOGENS: Violent reaction with possible formation of explosive compound.
HEAVY METALS AND COMPOUNDS (SILVER, GOLD, MERCURY, THALLIUM): May form
. compounds which are explosive when dry.
HEXACHLOROMELAMINE: Fire and explosion hazard.
HYDRAZINE AND ALKALI METALS: Forms explosive metal hydrazides.
HYDROGEN BROMIDE: Vigorous reaction.
HYPOCHLOROUS ACID: Explodes on contact.
INTERHALOGENS: Violent reaction with possible formation of explosive
compound.

LEAD: May be corrosive. ,
MAGNESIUM PERCHLORATE: Exothermic reaction followed by explosion.
NITRIC ACID: Ignition.
NITROGEN TETROXIDE: Violent or explosive reaction.
NITROGEN HALIDES: Explosive reaction.
NITRYL CHLORIDE: Violent reaction even at -75 C.
OXIDIZERS (STRONG): Fire and explosion hazard.
OXYGEN: Possible exp1051on.
OXYGEN DIFLUORIDE: Immediate reaction producing white fumes.
PENTABORANE: Spontaneous ignition.
PERCHLORATES: Violent reaction.
PHOSPHORUS OXIDES: Violent reaction with possible ignition.
PICRIC ACID: Forms explosive salts.
PLASTICS, RUBBER, COATINGS: May be attacked.
POTASSIUM AND ARSINE: Vigorous reaction with the liquid.
POTASSIUM AND PHOSPHINE: Produces spontaneously flammable solid.
POTASSIUM AND SODIUM NITRITE: Produces explosive, reactive solid.
POTASSIUM CHLORATE: Hazardous reaction.
POTASSIUM FERRICYANIDE: Explosive reaction.
POTASSIUM MERCURICYANIDE: Explosive reaction.
POTASSIUM PERMANGANATE: Incandescent oxidation.

-
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SODIUM AND CARBON MONOXIDE: Forms explosive product with the liquid.
STIBINE: Explosion on heating.
SULFUR AND COMPQUNDS: May form explosive product.
TELLURIUM HALIDES: Forms explosive compound.
TETRAMETHYLAMMONIUM AMIDE: Explosive decomposition.

_ THIOCARBONYL AZIDE THIOCYANATE: Explosive reaction.
THIONYL CHLORIDE (SULFINYL CHLORIDE): Formation of explnﬁlve compound.
THIOTRITHIAZYL CHLORIDE: Explesive reaction.
TIN: May be corrosive.
TRICHLOROMELAMINE: Fire and explosion hazard.
VINYL COMPOUNDS: May initiate violent, exothermic polymerization.

HAZARDOUS DECOMPOSITION:
Thermal decomposition may release corrosive fumes of ammonia' and toxic oxides

of nitrogen.

POLYMERIZATION:
Hazardous polymerization has not been reported to occur under normal

temperatures and pressures.

T SECTIGH 11 TDXICQLDGICAL INFORMATION 5

AMMONIA, ANHYDROUS:

TOXICITY DATA: 20 ppm inhalation-human TCLo; 5000 ppm/5 minutes
inhalation-human LCLo; 2000 ppm/4 hours inhalation-rat LCS0; 300 ppm/6
hours/5 days-intermittent inhalation-rat TCLo; 455 mg/m3/8 hours/90
days-intermittent inhalation-rat TCLo; 960 mg/m3/4 hours/17
weeks-intermittent inhalation-rat TCLo; 423n ppm/1 hour inhalation-mouse
LC50; 7 gm/m3/1 hour inhalation-cat Lcsu, gm/m3/1 hour inhalation-rabbit
LCS50; 470 mg/m3/8 hours/so days-lntermittEnt inhalat;nn-rabblt TCLO;

470 mg/m3/8 hours/90 days-intermittent inhalation-dog TCLo;

145 ppm/5S weeks-continuous inhalation-pig TCLo; 470 mg/m3/8 hours/s0
days-intermittent inhalation-guinea pig TCLo; 5000 ppm/5 minutes
inhalation-mammal LCLo; 15 uL/kg oral-man TDLo; 132 mg/kg unreported-man
LDLo; mutagenic data (RTECS).

CARCINOGEN STATUS: None.

LOCAL EEFECTS: Corrosive- inhalation, skin, eye, ingestion.

ACUTE TOXICITY LEVEL: Moderately toxic by inhalation.

TARGET EFFECTS: Peoisoning may affect the central nervous system.

AT INCREASED RISK FROM EXPOSURE: Persons with pre-existing eye, skin, and
respiratory tract disorders.

HEALTH EFFECTS
INHALATION:

AMMONIA, ANHYDROUS:
CORROSIVE. 500 ppm ImmediatelCORROSIVE. 500 ppm Immediately Dangerous to Life or

ACUTE EXPOSURE- Concentrations of 5 ppm may cause minimal irritation;
5-50 ppm may cause nasal dryness, olfactory fatigue, and moderate
irritation; 125-137 ppm may cause definite nose, throat, and chest
irritation; and 150 ppm may cause lar¥ngeal spasm. Exposure to
500 ppm for 30 minutes may cause cyclic hyperpnea, increased blood
pressure and pulse rate, and upper respiratory tract irritation, sometimes
persisting for 24 hours; 700 ppm may cause immediate irritation;
1500-10,000 ppm may cause dyspnea, convulsive coughing, chest pain,
respiratory spasm, pink frothy sputum, rapid asphyxia, and delayed
pulmonary edema which may be fatal. Other effects may include runny nose,
swelling of the lips, restlessness, headache, salivation, nausea,
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vomiting, glottal edema, pharyngitis, tracheitis, and difficulty in
speaking. Death may result from bronchopneumonia or asphyxiation due to
spasms, inflammation, or edema of the larynx. Residual effects from
acute exposures may include hoarseness, productive cough, decreased
respiratory function, chronic airway dysfunction, alveolar disease,
bronchiolitis, bronchiectasis, emphysema, and anxiety neuroses.

CHRONIC EXPOSURE- Depending on the concentration and duration of exposure,
repeated. or prolonged exposure may cause inflammatory and ulcerative
changes in the mouth, possible bronchial and gastrointestinal
disturbances, and effects similar to acute exposure. Tolerance to
usually irritating concentrations may be acquired by adaptation. In
animals, continuous or repeated exposure to sublethal concentrations have
priduced adverse effects on the respiratory tract, liver, kidneys and
spleen.

SKIN CONTACT:
AMMONIA, ANHYDROUS:
CORROSIVE.

ACUTE EXPOSURE- Exposure to 10,000 ppm may cause mild irritation to moist
skin. Direct contact with solutions-or high vapor concentrations (>30,000
ppm) may cause severe pain, a stinging sensation, severe burns and
vesiculation, and possibly brownish stains. The corroded areas are soft,
gelatinous, and necrotic, and the tissue destruction may be deep. If burns
are extensive, death may occur. Rarely, vapor exposure may result in
urticaria. Due to rapid evaporation, the liquid may cause frostbite with
redness, tingling, and pain, or numbness. In more severe cases, the skin
may become hard and white and blisters may develop.

CHRONIC EXPOSURE- Effects depend on the concentration and duration of
exposure. Repeated or prolonged contact may cause dermatitis or effects
similar to acute exposure.

EYE CONTACT:
AMMONIA, ANHYDROUS:
CORROSIVE. )

ACUTE EXPOSURE- Exposure to 140 ppm caused slight irritation to human eyes;
700 ppm caused immediate irritation. Direct contact with solutions or
high vapor concentrations (>2500 ppm) may cause severe irritation,
swelling of the eyelids, lacrimation, blepharospasm, palpebral edema,
increased intraocular pressure, oval semidilated fixed pupils, corneal
ulceration, possibly severe ulceration, possibly severe, and temporary bl
depends on the concentration and duration of contact. There may be
destruction of epithelium, corneal and lenticular opacification, and
iritis, accompanied by hypopyon or hemorrhages and possibly extensive
loss of pigment from the posterior pigment layer of the iris. When damage
is less than excessive, these symptoms tend to ameliorate. In severe
burns, the extent of the injury may not be immediately apparent. Late
complications may include persistent edema, vascularization and scarring
of the cornea, permanent opacity, acute-angle glaucoma, staphyloma,
cataract, atrophy of the retina and iris, and symblepharon. Due to rapid
evaporation, the liquid may cause frostbite with pain, redness, and
blurred vision.

CHRONIC EXPOSURE- Effects depend on concentration and duration of exposure.
Repeated or -prolonged contact may result in conjunctivitis or effects as
in acute exposure: Exposure for several weeks to 675 ppm caused
irritation of the eyes of dogs and rabbits and opacity over one-fourth
to one-half of the cornea in rabbits.
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AMMONIA, ANHYDROUS:
CORROSIVE.

ACUTE EXPOSURE- Ingestion of solutions may cause immediate pain and

circumoral burns and corrosion of the mucous membranes which at first

—~ turn white and soapy and then become brown, edematous, and ulcerated.
There may be profuse salivation. Swallowing and speech may be difficult
at first and then almost impossible. Even when there is no evidence of
oral burns, the esophagus and stomach may be involved with burning pain,
vomiting, and diarrhea. The vomitus may be thick and slimy with mucous,
and later contain blood and shreds of mucous membrane. Epiglottal edema
may result in respiratory distress and possibly asphyxia. Shock with
marked hypotension, weak and rapid pulse, shallow respiration, and
clammy skin may occur. Circulatory collapse may ensue, and if uncorrected,
lead to renal failure. In severe cases, esophageal or gastric perforation
are possible and may be accompanied by mediastinitis, substernal pain,
peritonitis, abdominal rigidity, and fever. Esophageal, and possibly
gastric or pyloric stricture may occur within a few weeks, but may be
delayed for months or even years. Death may result within a short time
from asphyxia, circulatory collapse, or aspiration of even minute amounts.
Later, death may be due to the complications of perforation, pneumonia,
or the effects of stricture formation. Ingestion of a gas is unlikely.
If liquid is swallowed, frostbite damade to the lips, mouth and mucous

" membranes may occur.

CHRONIC EXPOSURE- Depending on the concentration, repeated ingestion may
result in inflammatory and ulcerative effects on the oral mucous-
membranes and other effects as with acute ingestion. Ingestion of _
80-130 mg/L for 17 months resulted in chronic acidosis and tissue changes
in rabbits. . :

F SECTION 12 ECOLOGICAL INFORMATION T

ENVIRONMENTAL IMPACT RATING (0-4): no data available

ACUTE AQUATIC TOXICITY: no data available

DEGRADABILITY: no data available

LOG BIOCONCENTRATION FACTOR (BCF): no data available

LOG OCTANOL/WATER PARTITION COEFFICIENT: no data available

3 SECTION 13 DISPOSAL CONSIDERATIONS F

Observe all federal, state and local regulations when disposing of this
substance.

F SECTION 14 TRANSPORT INFORMATION F

FOR DOMESTIC SHIPMENTS: ,
U.S. DEPARTMENT OF TRANSPORTATION SHIPPING NAME-ID NUMBER, 49 CFR 172.101:

Ammonia, anhydrous, liquified-UN 1005

U.S. DEPARTMENT OF TRANSPORTATION HAZARD CLASS OR DIVISION, 49 CFR 172.101:
2.2 - Non-flammable compressed gas
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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 determinethe
level of promotion of an individual. Good writing and good speaking abilities are
very important and are alife-time endeavor. We never reach perfection aslong as
we live-but we must always try to reach perfection aslong aswelive.

We will consider reports

o Written

_ * Oral
A. Written Reports.

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

* Research
* Memo
o Letter

A research report isavery detailed, lengthy report on
an investigation. A memo report isless 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,

"...thered ability of atechnica man remains

unrecognized because the results of hiswork are poorly

presented.” Fre Hoffman Rhodes, "Technica Report
Writing" 1941 (6).



b)

The purpose of a written report is to convey a
set of facts from the mind of the writer to
th_?ﬁ of the reader. The report must be written
wi

o Clarity
* Precision

» and Completeness

The literary prose used in ordinary,
nontechnical writing is

* Effective without being precise,
* Suggests rather than defines, and
* Implies rather than states.

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,

b)experimental results

a)experimental method.
c) conclusions
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d)

The report must be written in good language (English
inthe 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 iseasier to follow.

The requirements of a good report are:

* Clearness
» Completeness
* Proper organization of material

» Correctness of presentation

The steps in report writing are:

» Collect data
» Assemble data
* Analyze data
* Outline the report
» theorganization and order in

which varioustopics are to be
discussed with

 Divisions
 Subdivisions
Itisvery important to first prepare a detailed

outline of what is to be discussed prior to any writing.



3. After the report is written,

Ask yourself,
e |sthediscussion clear?

* |sthediscussion complete?

» |Isthemateria logically arranged?

* Have al unnecessary words and statements been
eliminated?

» Arethereany errorsin 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:

| opened the valve.

We measured the distillate flow.
Instead, write:

The valve was opened.

The distillate flow was measured.
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a)

b)

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.

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".

The use of symbols instead of words is to be avoided.

dv .

Hence, do not say that the Y

AP’s,
but rather say, the rate of flow varies as the 0.51 power
of the difference in pressure.

s vary as the 0.51 of the

Organization of a Report (Formal)

As stated, report forms discussed are:

» Formal (research)
* Memo

o | etter

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

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

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

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

Do not usetitles such as:
FILTRATION
DISTILLATION

or

Table Of Contents

Abstract

The abstract should state:
 what you did
 what theresults are
» what the conclusions are
« what the recommendations are
The abstract must, in very short paragraph form, give the
reader acomplete overview of the study. To learn how to write

good abstracts, study abstracts written in good technical
journals.

Introduction

The writer should include somewhere in the report, the
* Purpose of work

Why. isfiltration of slurriesin a
plate and frame press important?

* Previouswork in literature

* Theory - if significant



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

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 tubesin 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 thefirst paragraph of the narrative, which
accompanies the sketch, give the overview of the
equipment.

In succeeding paragraphs give more details.

Procedure

In the first paragraph of the procedure section, give
an overview.

In the succeeding paragraphs give many more
specific details.

Present aflow sheet of the system and always
assume that the reader hasintelligence and will
understand. For example, don't say:

"The steam was turned on by opening the

vavein the steamline."
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10.

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.

Experimental data

Experimental datais presented in tables, graphs,
ghar_tlsédetc. Tables and graphs must be complete and
etalled.

Discussion

In writing adiscussion, refer to the detailed outline of
the study that was prepared. This procedure wi ll insure that the
report iswritten in logical order and iscompl ete.

_ _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.

Conclusions

Conclusions are presented in terse form. For
example,

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

There isNO discussion in this section of the report.

Recommendations

Recommendations are presented in terse form
also. For example,



The recommendations of this study are:
1.

2.

3.

~ Thereisnodiscussion in this section of the report. This
section gives what you, asthe investigator, feel is necessary
for further studies.

11. Bibliography

The bibliography or reference section should be clear.

It iswise 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 Y ork, 1986

Journal Articles
Ronad, M.C., "Investigation of the Teaching of Englishin
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

» Datacharts from recorders
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Equations in a report must be properly written. For
example,

“the empirical equation for the orifice is:

dw _ 0.5
q9 = 42804p%°,

where g~ T rate of flow of water, gal per

minute
and Ap = drop in pressure across the
orifice, pounds per square inch”

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

All unitsin technical reports, especially technical
publications, arein Sl units. Certain corporationsin the U.S.
may prefer the English system of units.

Oral Reports

The ability of an investigator to speak before alarge or
small audience is paramount. It is an invaluable asset which the
investigator must develop. This development, like writing, isalife
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

* wemust all remember that everyoneis nervous at
first.

1. Poor presentations are usually the result of

* Lack of practice and

* Lack of skill in speaking



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.

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

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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Bldg 44 Pure Water System:

Prep'n of DI Water

1
Potable Water

12
CaO Slurry
(pH Adjustment)

2
Precipitation
(Flocculation)

13

Ferric Chioride (aq)

(Flocculation)

Tells !.

14
i ) Sodium Carbonate, aq
0. l '
PH (Flocculation
3
Filtration: 0.8 micron Membralox
Ceramic Filter
5 4 15
pH Adjustment w. Reverse Osmosis 1% Sodium

15% Sultunic Acid

8
Sodium Metabisulfite
5%

l

Hypochliorite

6
PFW Storage’

16
1% Sodium
Hypochiorite

Mixed Bed (

7

fon Exchange

Anion/Cation) I

l

9
UV Sterilization

l

Filtration:

10

tilter

0.2 micron polishing

I

11

B 44. B45, B56

Deionized Water** to 3 Loops: I

*Maintained @
1 ppm - chlorine

** Maintained @
25-28 C.



