CE 170  Environmental Engineering (F04)
DO Sag Modeling Assignment
Problem
Moeller Industries operates a meat-packing plant on the Hwang River, 10 km below Lake Dammel.  Because of the recent low-carb diet craze, Moeller is planning a major expansion of its facility, meaning its wastewater discharge to the river will increase by 80%.  The Hwang River has recently been designated a critical habitat for the threatened Hornet trout.  Federal and state biologists have determined that a minimum dissolved oxygen concentration of 5.5 mg/L is needed to protect the species.  To get a discharge permit, Moeller will have to demonstrate that its wastewater will not cause a violation of this standard.  One of your tasks will be to figure out the level of treatment needed at the plant.  The other task is to figure out how much this treatment will cost. 
Tasks
1.  Complete the Excel-based DOSAG (pronounced “dee-oh sag”) model.  Start with the template distributed by your instructor.  Complete the model by performing the tasks described in comments within the spreadsheet itself.  

2.  Calibrate your model.  Use the DOSAG model to simulate the river under the current, pre-project conditions.  The pertinent data are shown below, including some dissolved oxygen measurements taken recently.  Unfortunately, the reaeration coefficient of the river is not known. Try different values in your model until the model output reproduces the current conditions in the river.  This process is called "calibrating" the model.  You have data for two seasons; you should expect to get two different reaeration coefficients.
3.  Use your model to determine the allowable BOD5 in the expanded plant's waste stream.  Vary the BOD in the model input until the lowest dissolved oxygen level in the river is greater than or equal to the standard.  Of course, to minimize costs, you will want to be as close to the standard as possible.
4.  Using the cost functions provided, calculate the present worth cost of the treatment needed for the plant expansion, assuming a discount rate of 4% and a 30-year life.  
Deliverables

1.  A memo report addressed to Mr.Moeller (your hypothetical boss) describing the problem, what you did to solve it, and your proposed solution.   In the process, you should describe which season is the worst case and why.  Also, describe what kind of computer model you used. The purpose of this is to give your boss an idea about how accurate your solution might be and what its limitations are.  Look at the assumptions behind the model.  
The memo report should be typed and double-spaced using a 12-pt font with a 1.25” left-hand margin and 1” margins elsewhere.  The narrative should be 500-1000 words long, not including computer printouts. Include the following in an appendix and make proper reference to them in your memo:

a.  Printouts of the calibrated model (calculations and graphs) under current conditions.  The calibration graphs should show the field data as symbols and the model output as a line without symbols. 
b.  A printout of the model at your recommended level of treatment under the worst-case season
Assemble everything into a binder (not just stapled pages). 

2.  Digital copies of your completed spreadsheet files.  Email these to your instructor.  In the subject line, please write:  Your last name – DO Sag

Conditions of Work
This is an individual project.  You may collaborate with classmates, but the final product is to be an individual effort.  This project is worth two regular labs.  It is due two weeks after being assigned.
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Physical Data (W=winter, S=summer)
	External Flows
	Lake Dammel
	Existing Plant Conditions
	Plant After Expansion
	Cruz Creek

	Location (km)
	0
	10
	10
	30

	Flow (m3/s)
	W=40; S=22
	3.0
	?
	W=10; S=5.0

	BOD5 (mg/L)
	W=5.0; S=2.0
	30.0
	?
	W=3.0; S=3.0

	DO (mg/L)
	W=9.0; S=8.0
	0.5
	0.5
	W=9.0,S=9.0


Water Quality and River Data

	
	Winter
	Summer

	Velocity of the river (in m/s)
	0.33
	0.18

	Temperature
	8
	17

	kd
	0.30
	0.42


kBOD test = 0.21 /d @ 20(C

Cost Functions (in $1000 or $1000 per year)
Capital = 900 + (6*(30-BOD5)2)
Annual operations and maintenance (O&M) = 50 + (0.05*(30-BOD5)3)
Oxygen Data -- Existing Conditions
	Location
	Measured DO (mg/L)
	Location relative to input

	(km)
	Winter
	Summer
	

	0
	9.0
	8.0
	

	10
	8.6
	7.7
	Upstream of WWTP

	10
	8.0
	6.9
	Downstream of WWTP

	15
	7.8
	6.2
	

	20
	7.6
	5.9
	

	25
	7.4
	5.6
	

	30
	7.2
	5.5
	Upstream of creek

	30
	7.6
	6.1
	Downstream of creek

	40
	7.4
	5.9
	

	60
	7.2
	6.3
	

	80
	7.3
	6.9
	

	100
	7.6
	7.6
	

	120
	7.9
	8.2
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