
CEE 213 – TRANSPORT PRINCIPLES IN ENVIRONMENTAL  
AND WATER RESOURCES ENGINEERING 

Fall 2011 
Block E, MW 10:30 – 11:45 am 

210 Anderson Hall  

Instructor: Asst. Professor Andrew Ramsburg 
209 Anderson Hall 
telephone: 617-627-4286 
andrew.ramsburg@tufts.edu 

Office Hours: Monday 5:00 – 7:00 pm 

Prerequisites: Undergraduate-level differential equations and fluid mechanics, or consent 
of instructor 

 

Texts: Transport Phenomena, 2nd ed., R.B. Bird, W.E. Stewart, and E.N. Lightfoot, 
John Wiley & Sons, Inc. 2002, ISBN 0-471-41077-2 

Transport Modeling for Environmental Engineers and Scientists, 2nd ed. 
M.M. Clark, Wiley-Interscience, John Wiley & Sons, Inc. 2009, ISBN 0-
470-26072-6 

Other References: Div, Grad, Curl and All That: An Informal Text on Vector Calculus, 4th ed., 
H.M. Schey, W.W. Norton & Company, Inc., 2005, ISBN 0-393-92516-1 

Process Dynamics In Environmental Systems, W.J. Weber, Jr., and F.A. 
DiGiano, Wiley-Interscience, John Wiley & Sons, Inc. 1996, ISBN 0-471-
01711-6 

 
Course Description:  Identification, protection, and management of water sources are important 
objectives for Environmental and Water Resources Engineers throughout the world.  Although the 
quality and quantity of source water may be influenced by global processes, they are profoundly 
and directly affected by the local environment.  Local environmental systems are often 
quantitatively described by considering fundamental processes on the scale of fractions to multiples 
of meters.  These processes may be grouped into two classes: transformation (physical and/or 
chemical change) and transport (movement of specified quantities).  This course will focus on 
foundational aspects of mass, momentum, and energy transport.  Consideration of these 
conservative quantities will lead to descriptions of fluid phase flow and species transport.  Because 
transformation and species transport are coupled, this course will also incorporate descriptions of 
interphase mass transfer and chemical reaction kinetics.  The final portion of the course will be 
devoted to the development of reactor models employed in both natural and engineered systems.       
 
Audience:  Transport Principles will benefit students who are interested in the processes that 
control the quality and quantity of water in natural and engineered environments.  The course is 
designed to provide students entering the Environmental and Water Resources Engineering 
(EWRE) graduate program a solid theoretical foundation in transport phenomena, as well as an 
introduction to reactor engineering.  Subsequent courses in the EWRE program will build upon (or 
extend) various aspects of the material presented in this course to describe the quantity and quality 



of water in specific settings (e.g., fate and transport of contaminants, surface water quality, 
subsurface flow and transport, and river hydraulics). 
 
Overall Objective: Acquire and apply knowledge of the fundamental processes which govern the 
transport of conserved quantities (i.e., mass, momentum and energy) in natural and engineered 
environments.   
 
Outcomes: Upon completion of this course, learners will be able to:  
 Apply the principles of conservation to develop conceptual and mathematical models for 

analysis of transport in environmental systems.   
 Discriminate between the physical mechanisms described by molecular diffusion, dispersion, 

and eddy diffusion.    
 Understand the basis of, and limitations to, interphase exchange within flowing systems. 
 Identify and apply reactor models for description of transformations occurring within natural 

and engineered systems. 
 Comprehend the implications of model assumptions and selection during the analysis of 

complex systems of flow and transport. 
 
Grading: 25% Homework  4-6 assignments throughout the term   
  25% Exam I  10:30 – 11:45 am, Friday 21 October 2011 
  25% Exam II 10:30 – 11:45 am, Friday 18 November 2011 
  25%  Exam III 3:30 – 5:30 pm, Friday 16 December 2011 
 
Course Policies: I invite you to collaborate on homework assignments; however, each student is 
responsible for learning the material and submitting his/her own work.  If you chose to work in 
groups you must include a list of the individuals with whom you have collaborated.  You are 
expected to turn assignments in on time.  Assignments that are submitted after the deadline will be 
penalized 10% (of the assignment value) per business day.  Any readings that are assigned in 
addition to those from the course text will be made available via handouts, trunk, or placed on 
reserve in the EPDC.  Exams are not group activities and collaboration will be viewed as a violation 
of Tufts policy for academic integrity.  This policy is available through the Office of the Dean of 
Students (http://uss.tufts.edu/studentaffairs/publicationsandwebsites/).  Please note that the policy 
for academic integrity also contains a section on plagiarism.  I expect you to cite all sources (texts, 
journal articles, websites, personal communications, etc.) used to complete the assignments.  If you 
have any questions regarding the citation of source material, please discuss it with us prior to 
submitting your work.     
 
Academic Accommodations: Tufts University, in accordance with the Americans with Disabilities 
Act of 1990 and Section 504 of the Rehabilitation Act of 1973, is committed to providing support 
and equal access for all students so that they may achieve their academic potential.  Students 
seeking accommodations should contact Ms. Sandra Baer, Director of Disability Services, 
Academic Resource Center, Dowling Hall. 
 
 
 
 



Tentative Course Schedule and Reading List: 
Date(s) Lec # Topic Description Readings 

07 Sep 1 
introduction, material and energy balances, 
familiar systems 

C – Chap. 1 
BSL – Chap. 0, 1, 2 
WD – Chap. 1, 2 

12 Sep 2 mathematics is the language of transport 
S – Chap. 1, 2 
BSL – Appendix A 

14-26 Sep 3-6 
equations of change and fluid mechanics: 
steady and unsteady Newtonian fluids 

C – Sec. 5.1-5.11, 5.13, 5.15 
BSL – Chap. 3, Sec. 4.1-4.4 
WD – Sec. 3.1-3.2 

28 Sep-12 Oct 7-10 
approaches for low Reynolds number flows, 
free-surface flows, and turbulent flows 

C – Sec. 5.12, 5.14, 5.16 
BSL – Chap. 5, 7 
WD – Sec. 3.3 

17-19 Oct 11-12 steady and unsteady diffusion 
C – Chap. 6 
BSL – Sec. 17.1-17.4, 18.1-18.3 
WD – Sec. 4.1 

21 Oct - exam #1 exam prep 

24 Oct-04 Nov 
makeup class: 

04 Nov 
13-17 equations of change and mass transport 

C – Sec. 7.1-7.7 
BSL – Chap. 19, 21, Sec. 20.5 

07-09 Nov 18-19 interphase mass transfer 
C – Sec. 7.8-7.9 
BSL – Sec. 22.1-22.4, 22.8 
WD – Sec. 4.2 

14-21 Nov  20-21 reaction rates: expressions and data analysis 
C – Chap. 9 
WD – Chap. 7 

18 Nov - exam #2 exam prep 

23 Nov - Thanksgiving Holiday – no class  

30 Nov - SERDP Conference Travel – no class  
28 Nov-12 Dec 
makeup class: 

02 Dec 
22-25 reactor models and applications  

C – Chap. 10 
BSL – Sec. 19.4 
WD – Chap. 9 

05-07 Dec -  AGU Conference Travel - no class  

16 Dec - exam #3 exam prep 
 

Key for readings: 
C – Clark, Transport Modeling for Environmental Engineers and Scientists, 2nd ed., Wiley 
BSL – Bird, Stewart, and Lightfoot, Transport Phenomena, 2nd ed., Wiley 
S – Schey, Div, Grad, Curl, and All That: An Informal Text on Vector Calculus, 4th ed., Norton   
WD – Weber and DiGianno, Process Dynamics in Environmental Systems, Wiley 
 

Those of you using the first edition of the Clark text will be pleased to know that section numbers in Chapter 7 match those employed in 
the second edition.  Note that chapters 1, 6, 9-10 are assigned in their entirety, and while there is additional information in the second 
edition, the content of these chapters in the first edition is sufficient for this course.  The section numbers in Chapter 5 are, however, 
different between the two editions.  For lectures 3-6 you should read sections 5.1-5.8 and 5.10 in the first edition and borrow/copy 
sections 5.5, 5.9-5.10 from the second edition.  For lectures 7-10 you should read sections 5.9, 5.11, and 5.13 in the first edition.


