Learning Objectives 5

Protecting Natural Water Quality

Goals and Laws

1. State the goal for setting water quality standards. (Knowledge)

2. Define pollution. (Knowledge)

3. Differentiate between a technology-based requirement and a water quality-based requirement. (Knowledge)
4.  Describe the NPDES system -- what it does, its legal authority, who implements it in California, and how it is implemented. (Knowledge)
Biodegradation and Oxygen Demand

1. Calculate theoretical oxygen demand from stoichiometry.  (Application)
2. Explain the role of microbes in oxygen demand.  (Comprehension)
3. Differentiate between the chemical substances that cause CBOD and NBOD.  (Knowledge)
4. Given the unbalanced reactions, calculate ThOD and NBOD from stoichiometry.  (Application)
5. Sketch or interpret a graph showing the effect of time and rate constant on BOD measurements.  (Comprehension)
6. Based on the factors that affect biodegradation rate coefficients, qualitatively predict which coefficients will be greater or less than others.  (Application)
7. Given two of the three, calculate the rate constant, BODt, or BODu.  (Application)
8. Given a rate constant at one temperature, calculate its value at a different temperature.  (Application)
9. Using the first order model, calculate BOD remaining in the water at any time, t, or at any point downstream in a river.    (Application)
10. Describe how BODt is measured in the lab, including time and temperature.  (Knowledge)
11. Calculate BODt from laboratory data.  (Application)
12. Calculate oxygen mass requirements to reduce the BOD of a given volume or flow of water.  (Application)
Dissolved Oxygen Sag

1. Sketch a graph of dissolved oxygen with respect to downstream location in a stream receiving either wastewater or clean water or both.  (Application)
2. Predict DO curve shapes based on changes in the factors that make up the DO sag equation, including temperature.    (Application)
3. Calculate DO at any selected location downstream using appropriate DO sag equations .  (Application)
4. Calculate the critical point in a stream with regards to location and oxygen concentration.  (Application)
5. Judge whether the DO regime in a river is healthy and/or legal.  (Evaluation)
6. Select treatment or discharge strategies that will produce a DO regime that meets given parameters.  (Synthesis)
7. Discuss the limitations of the DO sag equation with respect to modeling real streams. (Analysis)
Water Quality Management in Rivers and Lakes

1. List three detrimental effects of excess suspended solids.  (Knowledge)
2. List three reasons why ammonia nitrogen is detrimental to aquatic organisms in rivers and lakes.  (Knowledge)
3. Explain why acid rain is a concern to aquatic ecosystems.  (Comprehension)
4. Explain the role of calcareous soils and sediments in protecting lakes from acidification.  (Comprehension)
5. Explain how waste heat is a problem in ecosystems.  (Comprehension)
6. Compare and contrast rivers and lakes with respect to the following:  vertical mixing, depth of light penetration, dilution potential, detention time, and locations of environmental effects. (Analysis)
7. Draw the season pattern of temperature profiles in a lake and relate them to vertical mixing and dissolved oxygen concentration.  (Comprehension)
Providing Safe Drinking Water

Epidemiology and Risk

1. List the four major types of pathogenic organisms.  (Knowledge)
2. Differentiate between direct and indirect transmission of disease and identify the role of vectors.  (Knowledge)
3. Name two vectors.  (Knowledge)
4. Describe role of civil engineers in managing infectious disease transmission and cite examples of typical activities.  (Comprehension)
5. Define risk.  (Knowledge)
6. Diagram the basic procedure for risk management.  (Knowledge)
7. Sketch dose-response curves for carcinogenic and noncarcinogenic chemicals.  (Knowledge)
8. Calculate dose and CDI, given concentrations, frequency factors, and intake rates.  (Application)
9. Calculate risks associated with water or air concentrations of carcinogens.  (Application)
10. Given the NOAEL, the safety factor, and the exposure, calculate the reference dose and the Hazard Index.  (Application)
11. State the range of “acceptable” risks used to establish water and air standards and the most important sociological factor influencing the choice of that range.  (Comprehension)
12. Decide whether a given exposure is “acceptable”.  (Evaluation)
13. Relate the class material on risk to the ASCE Code of Ethics.  (Comprehension)
Drinking Water Regulation

1. Describe the roles of the federal and state governments in regulating drinking water quality.  (Knowledge)
2. Differentiate between “water quality-based” standards and “technology-based” standards, explain why there are two different kinds of standards, list an example of each.  (Comprehension)
3. Describe the rationale and limitations to using coliform as an indicator organism for biological safety.  (Comprehension)
Water Treatment Processes

1. Diagram and label the parts of a drinking water treatment process for typical surface waters.  (Knowledge)
2. Explain the relationship between overflow rate and critical settling velocity.  (Comprehension)
3. Apply the mass balance and overflow rate concepts to numerical problems involving sedimentation tanks such as sizing and estimating sludge production.  (Application)
4. Describe the purpose of coagulation/flocculation in the overall treatment process.  (Comprehension)
5. Define suspension “stability” and three mechanisms by which coagulants destabilize suspensions.  (Knowledge)
6. Describe the role of flocculation (slow mixing) in getting particles to coalesce.  (Comprehension)
7. Apply the concepts of velocity gradient (G) and hydraulic detention time to calculations involving flocculation facilities such as tank size and power requirement.  (Application)
8. Given a power equation for a particular type of mixer, calculate the design parameters (e.g., rpm, paddle size) to achieve a desired G value.  (Application)
9. Explain how filters can remove particles smaller than the pores in the media.  (Comprehension)
10. Diagram and label typical operating cycles for constant head and constant flow filters.  (Knowledge)
11. Describe the purpose and operations of filter backwashing.  (Comprehension)
12. Apply the mass balance and filtration rate concepts to numerical problems involving filters and filter backwashing (including nonsteady state analyses).  (Application)
13. Recognize and define the terminology used in drinking water disinfection (free chlorine, combined chlorine, residual, HOCl, OCl-, chloramines, DBP, THM, Ct).  (Knowledge)
14. Calculate the fraction of chlorine in the HOCl or OCL- forms based on pH.  (Application)
15. Explain why ozone and UV radiation are being considered as alternatives to chlorine.  (Comprehension)
16. Use first-order disinfection kinetics (Chick and Watson-Chick models) to solve numerical problems such as calculating time to achieve a desired population, or Ct value needed to achieve a certain level of kill.  (Application)
17. Calculate the dry mass chemical requirements based on target doses or concentrations and flow.  (Application)
18. Describe the major sources and the treatment required for drinking water plant sludge, and list the two most common methods of disposal.  (Knowledge)
