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Summary

A program is designed for training a four-year wastewater technologist based

on the desired on-the-job performance of the program graduate. This graduate
might i1l positions with regulatory, consulting, industrial, municipal, and
manufacturing organizations. The program described could be applied to the
development of curricula for a variety of environmental personnel: technicians,
scientists, engineers, and other professionals.
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Recommendations

The proposed program for establishing performance oriented curricula and
course descriptions should be evaluated and applied by other curricula
efforts in the environmental control field.

The proposed curricula and course descriptions should be evaluated as to
their effectiveness in producing program graduates who will fill positions
in the water quality control field.

Performance oriented curricula and course descriptions should be developed
for all water quality control personnel.

Performance oriented curricula and course descriptions should be developed
for continuing education programs for all water quality control personnel.
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Proposed Qualifications
of Program Graduate

The passage of the Water Quality Improve-
ment Act of 1970 (PL 91-224) has provided
impetus to prepare trained people who can
design, operate and maintain wastewater
treatment plants. To accomplish this
training it is essential to develop a pro-
gram which will train technologists who
will be equipped to become a member of a
productive team upon employment (Table I).

This type of training lends itself well to
a curriculum in which the goals of the
program, performance objectives and
necessary terminal behavior of the gradu-
ates are reflected in its design. The
purpose of this curriculum, therefore, is
to:

1. Design a four-year engineering cur-
riculum in wastewater technology
leading to a Bachelor's Degree in
engineering technology in which the
graduates will be productive imme-
diately upon employment.

2. To develop a goal oriented curriculum
in which each course is defined as to
its purpose, performance objectives
and terminal behavior. In this manner
the student will know prior to taking
the course what he must accomplish to
complete it successfully and what his
ability will be upon successful com-
pletion.

3. To design a curriculum format which
can be developed into a system of
modules thereby allowing the instruc-
tor to develop, evaluate and use a
variety of instructional strategies
on a given topic. This approach can
be tried, evaluated and revised until
maximum achievement is obtained.
Various components of the curriculum
can then be extracted and used for
review, as a short course, or in-
corporated into a different but
applicable situation.

The curriculum as developed here has all
these attributes. It clearly defines its
goals and the terminal behavior that the
graduate will possess. It is designed to
produce a technologist who can be em-
ployed in many levels being productive
immediately upon job entry or with a
minimum of retraining. It is a highly
flexible system which lends itself to
easy evaluation and revision with optimal
instruction for the students.
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TABLE 1

ORGANIZATIONS WHICH MIGHT EMPLOY GRADUATES OF WATER POLLUTION
CONTROL TECHNOLOGIST PROGRAM AND HIS EXPECTED ACTIVITY

Place of Employment

Activity

1. Consulting Engineers

2. Government
a. Federal

b, State

c. Municipal

d. Drainage Basin and
Commissions

3. Industry

Field survey of pollutant sources; stream survey
studies; feasibility studies and reports; hydrau-
lic studies; cost estimate studies; financing of
construction; operation, maintenance and repairs;
installation design including production of plans
and specifications of piping layouts, heating and
ventilation systems, control systems, and wiring
diagrams; earthwork and landscaping computations,
bidding and construction specifications; supervi-
sion of construction; supervision of operation and
maintenance, development of operation manuals;
start up of plants, public relations.

Stream surveys; laboratory analyses; plan and
specification review; inspection of construction
and existing plants; investigation of and reporting
on complaints, public relations, assistance to
plant operations staff, interpretation and enforce-
ment of laws and regulations.

Stream surveys; laboratory analyses; plan and
specification review; inspection of construction
and existing plants; investigation of and reporting
on complaints, public relations, assistance to
plant operations staff, interpretation and enforce-
ment of laws and regqulations.

Combination of consulting engineering activity and
Federal activity depending on size of municipality.

Combination of consulting engineering activity and
Federal activity depending on size of municipality.

Responsible charge of design; operation, mainte-
nance and repair of pollution abatement facilities;
inplant studies of potential pollution sources and
abatement thereof; start-up of equipment; cost
studies of construction, operation, maintenance and
repairs; evaluation of pretreatment and direct dis-
charge into municipal sewers; public relations;
reports to management.
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TABLE 1
(Continued)

Manufacturer of Process
Equipment and Chemicals

Equipment Distribution

Construction

Research and development; product manager; applica-
tion engineering sales; supervision of plant start
up; supervision of operation of plants and instruc-
tion of plant personnel on proper equipment opera-
tion, maintenance and repair; checking installation
and operation of new and old equipment.

Research and development; product manager; applica-
tion engineering sales; supervision of plant start
up; supervision of operation of plants and instruc-
tion of plant personnel on proper equipment opera-
tion, maintenance and repair; checking installation
and operation of new and old equipment.

Take off quantities for bidding; cost estimates;
preparation of construction drawings; preparation
of construction schedules; supervision of construc-
tion and installation of equipment; directing and
assigning of work schedules; ordering, scheduling

and recording shipment of materials and equipment;
start up of plant operation and instruction of plant
personnel in operation, maintenance and repair of
equipment.
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Curriculum and Course Descriptions

A four-year technologist curriculum is
shown in Table II. The performance
oriented course descriptions are given
in Appendix 1 for all of the courses
except the humanities courses and elec-
tives.

Each course description contains three
sections:

1. A brief description of the course
purpose and the subject matter to be
covered,

2. A series of statements indicating the
performance (knowledge and skills)
that the trainee will be able to
demonstrate upon completion of the
course, and

3. A listing of the prerequisites for
the course.

These performance oriented course descrip-
tions represent a significant step forward
in defining one level in the continuum of
talent needed in the water quality control
field. This effort did produce a curricu-
lum for technologist training in design,
operation and maintenance of wastewater
treatment plants. The curriculum, if
implemented by the academic community, will
produce graduates for employment by con-
sulting engineers, regulatory agencies,
municipalities, industry, and others. This
graduate will be well qualified to meet the
on-the-job requirements without extensive
entry training and permit immediate assign-
ment of a large number of tasks without
extensive supervision.

Figures 2 through 11 indicate possible flow
charts for progressing through the curricu-
lum. Every course is on at least one flow
chart and noted by an arrow coming from the
bottom of the box when it is a prerequisite
for another course. (Figure 1)

When a course may be taken concurrently
with another, an arrow is shown entering
the side of the box. Any course marked
with an asterisk (*) on any flow chart is
an appropriate starting point for a
trainee. A trainee can enter a flow chart
at the course or courses on the first line
and progress upward. When he reaches the
last course he proceeds to the proper
course on the next appropriate flow chart.
Eventually he will emerge from the courses
as a program graduate. A combined flow
chart is shown in Figure 12 for the entire
curriculum.

These flow charts not only indicate the

various pathways a trainee may progress

through a four-year technologist program,
but also suggest a variety of pathways
that may be utilized for continuing edu-
cation programs for persons working in the
water quality control field. A person
desiring knowledge and skills in a limited
area could proceed through any one of the
stems to the extent desired.

Development of flow charts of this nature
assists the developer in verifying the
prerequisite knowledge and skills for each
course.

Humanities and elective courses could be
inserted to the flow charts at suitable
points.
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Figure 1. Key for curriculum flow charts.



The effort described herein is a signi-
ficant effort toward solving the man-
power requirements of the water quality.
control field. The approach described
here should be applied in analyzing the
on-the-job performance required of techni-
cians, technologists, engineers, scien-
tists and other personnel involved not
only in the water quality control field
but also in other environmental control
efforts.

The initial effort in reviewing this
report should be to ascertain the need for
a wastewater technologist produced by the
curriculum. The performance oriented
course descriptions should facilitate this
type of analysis as well as assist with
the evaluation of curriculum development
efforts for other technician, technologist
and engineering programs.

The curriculum and performance oriented
course descriptions need to be refined and
evaluated to ascertain that they do pro-
duce a program graduate that can meet the
initial job performance requirements of
the employer. Where required, the curri-
culum and course descriptions must be
changed to meet these requirements. This
could be handled by a joint effort repre-
senting both the employers and the educa-
tional institutions and including
representatives from professional organiza-
tions.

One important aspect of any continuation
of this effort would be close coordination
with similar activities producing curri-
cula and instructional materials that
could be utilized directly in or be used
to give guidance to the further implemen-
tation of this technologist curricula. A
number of these efforts have produced per-
formance oriented course descriptions or
performance oriented instructional mate-
rials that are suitable for use in the
curricula described in this report. The

Future Work

following listing represents some of the
organizations.

Project BIOTECH (Dr. John 0live)
American Institute of BioTlogical
Sciences
3900 Wisconsin Avenue NW
Washington, DC 20016
(2023 244-5581

Project CIVTEC (Dr. Kent Sharples)
State Board for Technical and
Comprehensive Education
1429 Senate Street
Columbia, SC 29201
(803) 758-3171

Standard Field Operation Procedures
(Mr. Harold Jeter, Director)
Water Program Operations
Manpower Development Staff
National Training Center, EPA
Cincinnati, OH 45268
(513) 684-8223

TECH Physics Project (Philip Dilavore,
Project Coordinator)

American Institute of Physics

Indiana State University

Terre Haute, IN 47804
(812) 232-5311 Ext 5355

Wastewater Technician Training (CEWT)
(Bernard Lukco)
Manpower Training Branch
Office of Water Program Operations
Environmental Protection Agency
Washington, DC 20460
(703? 567-7363

Preprofessional Individually Paced
Instruction (PIPI) (Dr. Kenneth A.
McCollom, Associate Dean)

Coliege of Engineering

OkTahoma State University

Stillwater, OK. 74074
(405) 372-6211 Ext 7551
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Wastewater Plant Operating Procedures
(Carl Schwing, Director)
Charles County Community College
LaPlata, MD 20646
(301) 934-2251

More detail on what is available from
these organizations is given in
Appendix VI.

Based on the effort in this report and
associated activities in the educational
and professional community the following
future work is suggested for considera-
tion by EPA:

1.

Convene a group of employers, educa-
tors and professional representatives
to review this report and suggest to
EPA the priorities and procedures for
carrying out further work on the
application of performance oriented
curricula development in the environ-
mental control field.

Evaluate the position the graduate
described in this program has in
respect to the need for environmental
specialists in the future.

Allocate resources toward the develop-
ment of performance oriented curricula
and instructional programs as des-
cribed in this report.

Use this method advocated for future
sources and programs.
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Appendix 1

COURSE DESCRIPTIONS

TABLE 11

FOUR-YEAR WASTEWATER TECHNOLOGY CURRICULUM

YEAR SEMESTER COURSE TITLE CREDITS
1 I Chemistry 1 General Chemistry 4
Biology I The Science of Life 3
Math I College Algebra 3
Social Science I* 3
English I Fundamental Composition and Rhetoric 3
Environmental Control I Introduction to Environmental Control 1
17
I I1 Chemistry II Quantitative and Qualitative Chemistry 4
Biology 11 Biological Systems of Microorganisms 3
Math II Trigonometry 3
‘Social Science II* 3
Drafting 1 Fundamental Drafting 3
Environmental Control II Water Quality Control Methods 2
18
SUMMER 1 Summer Work 1 Wastewater Treatment Plant Operations 3
FIRST YEAR TOTAL 38
Il { Physics 1 Fundamental Physics 3
English II Advanced Composition and Rhetoric 3
Math III Metronics 3
Humanities I* 3
Drafting 11 Advanced Drafting 3
Operations I Collection System Maintenance 1
16
II II Physics II Fundamentals of Electricity 3
Math IV Analytical Geometry 3
Humanities II* 3
Mechanics I Statics 3
Surveying I Fundamental Surveying 3
Operations 11 Collection System Construction 3
17
SUMMER 11 Summer Work II Requlatory Agency Enforcement 3
SECOND YEAR TOTAL 36
SUM TWO YEARS 74

*These courses to be selected to meet requirements of the institution implementing this

curriculum.
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(Continued)
YEAR SEMESTER CREDITS
111 I English III Business English and Report Writing
Math V Computer Science
Economics I Fundamental Ecomics
Mechanics II Strength of Material
Chemistry III Sanitary Chemistry
I11 IT Economics II Accounting and Management 3
Design I Structures 3
Surveying 11 Advanced Surveying 3
Hydraulics Fluid Flow 3
Biology III Sanitary Microbiology 4
16
SUMMER III Summer Work III Consulting Engineering Design Firm 3
THIRD YEAR TOTAL 35
SUM THREE YEARS 109
Iv I Government Systems I Governmental Interactions
Construction Construction Methods
Design II Wastewater Treatment Plant Design I
Technical Elective*
Iv I1 Government Systems II Public Financing 3
Design III Wastewater Treatment Plant Design II 6
Operations III Wastewater Treatment Facility
Operational Evaluation 3
Technical Elective* 3
15
FOURTH YEAR TOTAL 30
SUM FOUR YEARS 139

*These courses to be selected to meet requirements of the institution implementing this
curriculum,
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9. Identify from a list, elements most
1ikely to form covalent bonds.
10. Describe the kinetic molecular theory.
11. Describe in essay form, using the
CHEMISTRY | concept of entropy, the differences
in solids, liquids, and gases.
General Chemistry 12. Differentiate between polar and non-
. . . polar bonds.
The purpose of this course is to assist
the Student .in ]earning the fundamenta] 13. Descr'ibe the nature Of hydrogen
principles of chemistry and their appiica- bonding.
tions; the application of scientific meth-
odology; the nature of matter, the atomic 14. Describe the solution of a solid or
model, chemical bonds; principles of 1iquid in water including the effect
stoichiometry and types of chemical of temperature and type of bonding in
reactions. He will also study solutions the solid or liquid.
and colloids; changes of state; principles
of chemical kinetics, chemical equilibria, 15. Describe how ions are formed in solu-
and electrochemistry; and basic organic tions from both electrovalent and
chemistry nomenclature. The laboratory polar covalent compounds.
exercises will demonstrate the above and
allow the student to identify and use 16. Select from a list of acids and bases
common laboratory equipment. the strongest acid or base.
When you complete this course, you should 17. Make calculations using

be able to:

1. Describe in essay form scientific
methodology and demonstrate the
application of the principle.

2. Describe the difference between
metals and nonmetals

3. Describe, using the periodic table,
the term periodicity.

4. Draw Bohr diagrams.

5. Describe in essay form the nature of
ionic compounds and, using the peri-
odic table, predict ionic charge,
sizes of sets of ions, and electro-
negatives for the listed elements.

6. Identify simple chemical compounds
with given symbols or names.

7. Identify the oxidation state of each
element in a chemical formula.

8. Balance chemical equations.

a. Specific heat

b. Heat of fusion

c. Heat of vaporization
d. Atomic weights

e. Molecutlar weights

f. Avagadro's number

g. Mole ratios

h. Emperical formulas

i. Ionization potentials
j. Degrees Kelvin

k. Graham's Law of gaseous diffusion

1. Equivalent weights
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18. Calculate theoretical yield, percent
yield, emperical formula, percent by
weight or volume, mole fraction,
molarity, molality, and normality.

19. Will be able to use bunsen burner,
thermometer, measuring and volumetric
glassware, balances, desiccators,
cathode ray tube, and pH meter.

20. Demonstrate the laboratory technique
for bending, cutting, and fire
polishing glass; determing density of
a substance; separating solids from
liquids, gases from liquids, and
liquids from liquids; and determing
the molecular weight of a volatile
liquid.

Before beginning this course, you should
have the prerequisites of:

1. Use of exponential numbers.
2. Use of significant figures.

3. Conversion between English and Metric
systems.

4. Concurrent registration in Math I.

BIOLOGY |

The Science of Life

The purpose of this course is to assist
the student in learning the relationship
of biology with other sciences; the
origin, development, and cellular basis of
1ife; basic bio-chemical-physical pro-
cesses of life and the ecological function
and relationships of organisms.

When you complete this course, you should
be able to:

1. Describe in essay form using diagrams
the interrelationships of biology with
other sciences which use observation
and experimentation. List what you

ANOHIN
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consider to be the most closely
aligned science to biology and explain
your reasoning.

Using Pasteur's work on spontaneous
generation and Darwin’s writing on
“"The Origin of Species by Means of
Natural Selection," contrast the
theories of special creation, Genesis
Book I, and organic evolution. Also,
state some possible reasons for the
fossil records incompleteness and the
importance of Mendalijan Genetics and
Watson-Crick's later work on the
double helix on inheritance, mutation,
and evolution.

Using diagrams and charts, describe
the role of the nucleus in the func-
tion of the cell and the role of the
cell in the functioning of the
organism.

Draw a diagram of the oxygen, hydro-
gen, carbon, and nitrogen atom. Show
how the electrons transfer from hydro-
gen ions to join with oxygen ions to
form water.

In the process of photosynthesis,
inorganic compounds and water are
joined to form the organic compound
CeH1206 in green plants using the
energy of sunlight. Show by ion
transfer and a flow diagram how this
reaction takes place and what are the
end products. Be sure to include the
reactions in both the light phase and
dark phase of photosynthesis.

Compare (using diagrams) the gross
structure of a terrestrial ecosystem

(a forest) and an open fresh water
ecosystem. Include the location and
function of abiotic substances, pro-
ducers, microconsumers, macroconsumers,
and decomposers.

Using a pyramid of numbers, graphi-
cally represent a 10 percent yield
from the producer (1000 1bs. of green
algae) to the ultimate consumer in a
pyramid of 5 organisms. Compare this
pyramid with one in which there is
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only one consumer but a 0.01 percent
yield. Use as your base 1000 1bs. of
algae. How does this affect the
availability of food on growing popu-
lations (primarily man)?

Before beginning this course, you should
have the prerequisites of:

1. High school chemistry or concurrent
registration in Chemistry I.

MATH |

College Algebra

The purpose of this course is to assist
the student in learning the fundamentals
of algebra that will aid him in the solu-
tion of algebraic expressions involving
polynominals, interest problems and the
use of logarithmic terms.

When you complete this course, you should
be able to:

1. Given an algebraic expression, evalu-
ate the expression by using simplifi-
cation and evaluation.

2. Determine the solution of a given
equation by:

a. The substitution method.
b. The addition or subtraction method.

3. Add, subtract, multiply, and divide
polynomials.

4. Determine the square of a monomial.

5. Using the graphing technique, deter-
mine the solution to algebraic expres-
sions or equations.

6. Given an algebraic expression, use
factorization to simplify the expres-
sion.

7. Determine the product of given
binomials.

8. Given a quadratic equation, solve by
any method.

9. Multiply, divide, add, subtract, and
change to Towest equivalent terms any
given fractions.

10. Using the laws of exponents, convert
numbers from decimal form to expo-
nential form or from exponential form
to decimal form.

11. Simplify, combine (add or subtract),
multiply, rationalize, and divide
radicals.

12. Determine the solution of a literal
equation.

13. Using the principles involving inter-
est rates, time, and money, determine
the unknown when given the two other
quantities.

14. Using the method of perfect squares,
factor a given expression, e.g.,
factor (y* - 16).

15. Given a logarithm to a given base,
determine the unique number corre-
sponding to the Togarithm.

16. Determine the number corresponding to
a given logarithm by the use of log
tables, the characteristic, and
mantissa.

17. Given a number either in scientific
notation convert to decimal form, or
vice versa.

Before beginning this course, you should
have the prerequisites of:

1. High school algebra (or its equiva-
lent).
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ENGLISH |

Fundamental Composition and Rehtoric

The purpose of this course is to assist
the student in learning the basic concepts
of the English language and how to apply
these concepts in utilizing the Tanguage
for clear and meaningful communications
such as letter and report writing.

When you complete this course, you should
be able to:

1. Given a part of speech such as verb,
describe its use in sentences and pro-
vide an appropriate example sentence
using that part of speech.

2. Define the following and give an exam-
ple of each in a sentence:

a. Phrase
b. Clause

3. Describe and give examples in sentences
of the different types of clauses and
phrases.

4. Classify the structure of a sentence
such as simple, compound, complex, and
compound-complex.

5. Given a lTist of sentences, identify the
errors based on the following rules of
grammar and mechanics, and correct the
error. (A list will be given.)

6. Given a series of sentences, correct
for punctuation and spelling.

7. Spell correctly -and words given orally
or written wrong.

8. Use the dictionary to:

a. Find definitions.
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b. Determine correct spelling of
words.

c. Determine correct capitalization
of words.

d. Determine the correct pronuncia-
tion of words.

e. Determine the correct usage of
the right word in a sentence.

9. Given a series of sentences:

a. Cross out any word or phrase not
used in accordance with standard
English. Insert the standard
English equivalent.

b. Strike out each word used inappro-
priately and insert the correct or
exact word.

¢c. Bracket needless words and revise
the wording.

10. Using the procedures for good English,
write a theme or essay on a topic of
your choice.

Before beginning this course, you should
have the prerequisites of:

1. High school English.

ENVIRONMENTAL CONTROL 1

Introduction To Environmental Control

The purpose of this course is to assist the
student in learning the application of
scientific and engineering methods to the
solution of environmental problems through-
out history, the effect of waste disposal
practices on man and the environment,
modern methods of protecting man and the
environment from wastes, procedures for



setting environmental protection criteria,
and laws for protecting the environment.

When you complete this course, you should
be able to:

1. Describe by charts and/or essay the
characteristics of wastes that have a
detrimental effect on man or his envi-
ronment.

2. Describe by the use of bio-geochemical
cycles how man's disposal practices
have had a detrimental effect on man
or the environment.

3. Describe by diagram and/or essay the
scientific and engineering methods
used by man throughout history to
solve environmental problems.

4. Describe by diagrams and essay modern
methods of protecting man and the
environment from man's wastes.

5. Describe by flow charts and essay pro-
cedures for setting environmental cri-
teria and laws to protect man and the
environment.

Before beginning this course, you should
have the prerequisites of:

1. High school chemistry and biology, or

2. Concurrent registration in Chemistry I
and Biology 1.

CHEMISTRY Il

Quantitative and Qualitative Chemistry

The purpose of this course is to assist
the student in learning the methods of
systematically separating, identifying,
and quantitatively determining inorganic
substances; the use of the basic analyti-
cal tools and operations of qualitative

and quantitative analytical processes;
the calculations used in quantitative
analysis, the types and sources of errors
found and the treatment of data. Include
the caiculations involved in acid-base
precipitation and redox reactions. The
laboratory exercises will demonstrate the
above and aid the student in becoming
familiar with volumetric and gravimetric
methods of quantitative analysis and spec-
trometric, electrometric, and chromato-
graphic technigues.

When you complete this course, you should
be able to:

1. Describe in essay form and perform
procedures for the following:

a. Sampling of gases, liquids, and
solids

b. Drying using ovens, burners, fur-
naces, desiccators, evaporation

c. Ignition

d. Weighing

e. Precipitation

f. Solution

g. Titrations

h. Preparing standard solutions
i. Extraction

j. Adsorption chromatography deter-
mination

k. Gas chromatography determination
1. Ion exchange determination

m. Complexometric titrating

n. Spectrophotometer determination

0. Ultraviolet absorption determina-
tion

p. Infrared absorption determination
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q. Photometric titrations

r. Potentiometric determination
s. Conductometric determination
t. Colorometric determination
u. Polarographic determination

2. Perform the calculations for the pro-
cedures in (1) above.

Before beginning this course, vou should
have the prerequisites of:

1. Chemistry I
2. Biology I
3. Math I

BIOLOGY I

Biological Systems of Microorganisms

The purpose of this course is to assist

the student in learning the metabolic path-
ways, and photosynthetic, chemosynthetic
systems of bacteria, algae, fungi, and
protozoans. The microbes commonly found in
fresh water, wastewater and treatment sys-
tems will be studied. The student will be
introduced to basic field sampling and
identification techniques.

When you complete this course, you should
be able to:

1. Explain the differences (using dia-
grams) between eucaryotic and pro-
caryotic cells.

2. Given five different agar slant cul-
tures of bacteria, be able to transfer
these bacteria to the proper culture
media and maintain the cultures free of
contamination for a period of 8 weeks.
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3. Describe the chemical production of
nutrients by autotrophic bacteria
which utilize C0, as their exclusive
source of carbon. Use formulas and
flow charts.

4. List ten heterotrophic microbes, the
nutrients which they utilize the
manner in which they obtain these
nutrients, and the waste products
which result from their metabolism.

5. Differentiate between the mode of
entry of forty disease causing
microbes in man. Include food poison-
ing, water borne infections, air borne
infections, and animal or plant con-
tact diseases.

6. Obtain samples from a fresh water
stream, the air, wastewater system,
and the treated water from a waste-
water treatment plant. Identify
(according to given classifications)
and count in the appropriate units
(numbers per unit volume) the microbes
in the sample.

Before beqinning this course, you should
have the prerequisites of:

1. Biology I

MATH IlI

Trigonometry

The purpose of this course is to assist
the student in learning the function and
basic properties of acute and oblique
angles and triangles and to name and order
the fundamental relations of trigonometric
functions. The student will become famil-
iar with the Taw of sines and cosines in
the solution of unknown elements, solve
acute and oblique triangles to determine
unknowns, areas, altitudes, or parts as
required.



When you complete this course, you should
be able to:

1. Identify and name the sides of a
triangle.

2. Name and define the six terms used in
trigonometry to express the ratios
between sides

3. Define vectors differentiating
between length, direction, and sense.

4. MWhen given an angle:
a. Construct the desired angle.

b. Drop a perpendicular from the end
point to the side adjacent.

c. Measure a convenient even
distance on the hypotenuse.

d. Measure the side opposite and find
the sine ratio.

e. Calculate the sine.
5. When given the value of a function:
a. Draw a horizontal line

b. Erect a perpendicular at the end
of the line

c. Measure the distance on the per-
pendicular

d. Swing a 1 inch arc from the end
point of the perpendicular

e. Draw a hypotenuse through the end
point and the intersecting point

f. Measure the acute angle formed
with the horizontal Tine

6. Explain the procedure for reading
table of natural trigonometric func-
tions, interpolate these tables and
round off linear dimensions to three
places.

7. Define equilateral triangle and find
the sides of the equilateral tri-
angles.

8. Define isosceles triangle and compute
the sides and angles of these tri-
angles.

9. Solve oblique triangles by drawing
perpendiculars and using the law of
sines and law of cosines to simplify
the solution.

10. Graph the trigonometric functions of
y=asinxandy = a cos Xx.

Before beginning this course, you should
have the prerequisites of:

1. Math I

DRAFTING |

Fundamental Drafting

The purpose of this course is to assist
the student in learning the basic methods
of transferring objects or structures such
as shapes and dimensions from the actual
working conditions they are Tocated in, to
the drawing board. The student will pro-
duce simple pencil and paper drawings
using neat lettering techniques and trans-
ferring measurements to drawings of differ-
ent scale. He will also learn to prepare
tracings.

When you comp]ete this course, you should
be able to:

1. Draw a simple pencil and paper draw-
ing of an object or simple structure
presented.

2. Given three complete views of an
object, draw the object.
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3. Using the lettering techniques for
engineering, letter the alphabet on a
sheet of paper with guidelines for at
least four times.

4. Draw the following pictorial views
given an object or structure:

a. Isometric
b. Perspective (ground) (above)
c. Oblique

5. Given a drawing, measure the lengths
on the drawing and translate such
information to other drawings of
different scale.

6. Given several detail drawings, com-
bine drawings with appropriate dimen-
sions and notes and prepare tracings
for the combined drawings.

Before beginning this course, you should
have the prerequisites of:

I. Math I

2. Concurrent registration in Math I1I

ENVIRONMENTAL CONTROL Ii

Water Quality Control Methods

The purpose of this course is to assist
the student in learning the unit o