Program Outcome Summary

4. Understanding and Application of:

4a. Biology
Specific Courses: CE 3059, CE 3070, CE 3074, CE 4060. 

Performance Criteria

1. Understanding the application of microbiological interactions in water, wastewater and biosolids.

2. Understanding of the basic concepts of ecology.

3. Understanding of the importance of and how to measure microbial populations and oxygen utilization.

CE 3059, “Introduction to Environmental Engineering” (JCO)

Specific Lessons

Lecture material and readings on the following topics: (1) water microbiology and pathogens, (2) wastewater microbiology, and (3) sludge handling and disposal.

Implementation Strategies for the course

Class discussions, readings and exam questions.

CE 3070, “Introduction to Urban & Environmental Planning” (MF)

Specific Lessons

Lectures and readings present topics related to the environment and extinction, including preservation, conservation, environmental problems, and biodiversity.

Implementation Strategies for the course

Class discussions, mini-projects, and exams.

CE 3074, “Environmental Analysis” (MF)

Specific Lessons

Lectures and readings present topics related to assessment of the natural environment, including vegetation, wildlife, wetlands, and environmental impact analysis.

Implementation Strategies for the course

Class discussions, mini-projects, and exams.

CE 4060, “Environmental Engineering Laboratory” (JP)

Specific Lessons

Lectures and classroom discussions on the following topics:

1. Pathogens and indicator organisms in water and wastewater.

2. Enumeration of indicator organisms, including discussion of dilution series, aseptic technique, and calculating/reporting results.

3. Dissolved oxygen in natural waters and engineered processes; measurement of biochemical oxygen demand.

4. Wastewater solids and use of volatile solids as an estimate of bacterial populations.

Laboratory experiments on the following topics:

1. Membrane filtration for coliforms.

2. Most probable number (multiple tube fermentation) for coliforms

3. Biochemical oxygen and the toxicity of heavy metals

4. Wastewater solids

Implementation Strategy
Laboratory experiments, laboratory reports and exams.

4b. Chemistry

Specific Courses: CE 3061, CE 4060.

Performance Criteria

1. Understanding of the chemical reactions relevant to wastewater treatment.

2. Understanding of the importance and application of chemical analyses in water and wastewater treatment, and ability to perform such analyses.

CE 3061, “Wastewater Treatment” (JB)

Specific Lessons

1. The governing chemical reactions for aerobic growth are presented to the class. 

2. The governing chemical reactions for anaerobic growth are presented to the class.

3. The chemistry of chlorine addition is discussed (e.g., how pH affects speciation, redox aspects of chlorine addition). 

4. Filtration theory is presented and discussed in class, including how surface chemistry affects the efficiency of filtration.  Filtration phenomena are discussed (e.g., ripening) and filtration equations derived.

Implementation Strategy for course

1. Presentation of examples by the instructor during class, with discussion.

2. Completion of problem sets (as homework).

3. Examination problems (mid-term and final).

CE 4060, “Environmental Engineering Laboratory” (JP) 

Specific Lessons

1. The topics of turbidity, coagulation, volumetric analysis, chlorine chemistry, and hardness are presented to the class.

2. Turbidity, coagulation and jar tests are explored in Lab 4, in which the students perform a jar test to determine an optimum pH and coagulant dose.

3. Volumetric analysis is explored in Lab 2, in which the students perform alkalinity and pH measurements.

4. Chlorine chemistry is explored in Lab 3, in which the students develop a breakpoint curve and measure the total and combined chlorine.

5. Hardness is explored in Lab 5, in which the students determine hardness, soften the water, and remeasure the hardness.

Implementation Strategy for course

1. Presentation of topics by the instructor.

2. Completion of laboratory activities and questions.

3. Examination problems.

4c. Geology

Specific Courses: GE 2341
4d. Physics

Specific Courses: none
4e. Differential and Integral Calculus

Specific Courses: CE 2001, CE 2002, CE 3061, CE 3062.

Performance Criteria
Ability to apply differential and integral calculus to civil engineering problems.

CE 2001, “Analytical Mechanics II,” and CE 2002, “Introduction to Analysis and Design” (LDA)
Specific Lessons

1. Computation of deflection of statically determinate beams and frames by the Principle of Virtual Work.

2. Computation of redundant reactions for statically indeterminate beams and frames by the Dummy Force Method and the Principle of Virtual Work.

Implementation Strategy for Courses

1. Presentation of examples in classroom.

2. Assignment of homework problems from the textbook (referred to as Type A HW problems on the syllabus).  The Type A HW problems were assigned on a daily basis and, overall, they contributed 10% to each student’s final grade.

3. Development and assignment of additional problem sets (referred to as Type B HW problems on the syllabus).  The Type B HW problems were distributed near the start of each unit of study and were due near the close of each unit, prior to the unit-ending exam.  Overall, the Type B HW problems contributed 20% to each student’s final grade.

4. Outcomes assessment data from exams.

CE 3061, “Wastewater Treatment” (JB)

Specific Lessons

Combine a rate equation (zero order, 1st order, 2nd order) with a mass balance equation for a reactor, and integrate to solve for:

a. The required detention time to achieve a given conversion, or

b. The effluent (for a flowing reactor) or final (for a batch reactor) species concentration for a given detention time.

Implementation Strategy for Course

1. Presentation of examples by the instructor during class, with discussion.

2. Completion of problem sets (as homework).

3. 
Examination problems (mid-term and final).

CE 3062, “Hydraulics” (PPM) 

Specific Lessons

1. Mass balance calculations and development of rate equations for time-varying problems (involves differential and integral calculus).
2. Position, velocity and acceleration of fluids (involves differential and integral calculus).
Implementation Strategy for Course

1. Subject material in lectures and examples presented in class.

2. Homework assignments.

4f. Differential Equations

Specific Courses: CE 3061, CE 3062.

Performance Criteria

1. Awareness of basic types of differential equations.

2. Understanding that basic equations and models in upper-level courses are developed from governing differential equations.
3. Awareness of basic iterative techniques for solving equations. 
4. Ability to apply differential equations to civil engineering problems.
CE 3061, “Wastewater Treatment” (JB)
Specific Lessons

Create a mass balance equation for a reactor by writing all mass components and rearranging into a differential mass balance equation.

Implementation Strategy for Course

1. Presentation of examples by the instructor during class, with discussion.

2. Completion of problem sets (as homework).

3. Examination problems (mid-term and final).

CE 3062, “Hydraulics” (PPM) 

Specific Lessons

1. Gradually varied flow - iterative analysis.

2. Coastal flows - introduction to linear wave theory.
Implementation Strategy for Course

1. Subject material in lectures and examples presented in class.

2. Homework assignments.
3. Qualitative questions on exams.
4g. Probability and Statistics

Specific Courses: CE 3054, CE 4061.

Performance Criteria

Understanding of the concepts of basic probability and statistical analyses and their application to:

1. Planning experiments and collecting data,

2. Representing, categorizing, characterizing and analyzing data,

3. Controlling and assuring quality, 
4. Developing good specifications, and 

5. Identifying problems and methods for rectifying them.

CE 3054 (RBM, x5289, rajib@wpi.edu)

Performance Criteria

Students should have the concepts of statistical analyses such as to collect data, analyze data, and draw meaningful conclusion from data, and the required skills for 

1. Controlling and assuring quality, 

2. Developing good specifications, and 
3. Identifying problems and methods for rectifying problems during pavement construction
Specific Lessons

5. Determination of lot size for sampling, 

6. Concept of random and representative sampling, 

7. Determination of number of tests to be performed, 

8. Concepts of target value, precision and accuracy, realistic tolerance, 

9. Use of average, standard deviation, normal distribution, 

10. Concepts of sampling error, material variability, 

11. Use of standard deviate, statistical tables, percentage within and outside specification,

12. Use of different types of quality control charts, and identification of trends.

Implementation Strategy for course

Field project (fieldwork and preparation of report) 

The steps of the field work consist of setting up lots, determination of in-place density and rapid shear strength of plant produced mixes, analysis of in-place density data for determination of mean, standard deviation, percentage within limits and percent pay for contractor based on a given pay factor table, as well as analysis of shear strength data for identifying any indication of change in quality. The use of real world data collection and analysis enable the students to understand the concepts of quality control testing clearly. It shows them the sequence of work that must be performed to make objective and rational decision about the quality of paving jobs.

CE 4061 (PPM, x5343, mathisen@wpi.edu)

Performance Criteria 

Students should have an ability to analyze, interpret, and present environmental data.  Accordingly, students can

1. Apply basic statistical measures to characterize data

   2. Understand what basic discrete and continuous probability

              distributions are and how they are used

   3. Represent data graphically, and use frequency analysis to

              categorize data

   4. Apply a basic probability distribution to characterize

              data

Specific lessons

        Probability distributions - Lectures 2 and 3

        Frequency distributions - Lecture 4

        Data analysis - Lecture 4

        Applications to precipitation and streamflow (Lectures 6 and 7)

Assessment/Implementation strategy

        Project 1 - Streamflow data analysis

        Quiz 1 -  Question on statistics
4h. Linear Algebra

Specific Courses: none
4i. Higher Mathematics
Specific Courses: none
