
5 

 

Environmental Challenge 

…a student team competition 

 

2015 PROBLEM 

 

Introduction 

 

You are the consulting engineer hired by Blue Lake City to solve a water quality discharge 

problem with the City’s wastewater system. Please refer to the attached map as the problem is 

described. 

 

Blue Lake City has a population of 10,000 people and is located in north-central Minnesota in a 

region characterized by two distinct economic factors.  One is recreation.  Blue Lake is 

surrounded by forests, lakes, and rivers that are popular with outdoorsmen.  Private cabins and 

resorts are numerous.  The other economic factor is mining.  The Blue Lake region includes 

some of the state’s largest mining operations for iron and precious metals.  While mining is not 

conducted within or adjacent to City limits, the industry provides jobs for many City residents. 

 

There is a third activity in the region, wild rice harvesting, that does not contribute significantly 

to the City’s economy, but it affects regional environmental policies, particularly those that apply 

to natural surface waters.  The activity is practiced primarily by nearby Native American tribes 

but is enjoyed by non-tribal enthusiasts as well. 

 

Blue Lake City is situated on the shores of Blue Lake and, when the City built its first municipal 

wastewater treatment plant many years ago, its planners were careful to protect the lake’s water 

quality by routing the treated effluent discharge line to the Tannic River, which is the lake’s 

outlet.  While Blue Lake itself is not a rice-harvesting lake, the Tannic River flows into Big Rice 

Lake, a popular ricing lake. 

 

In order for wild rice to thrive in Big Rice Lake, or in any lake, the lake’s water quality must be 

preserved in specific ways.  One criterion is the lake’s sulfate level. Recently, the Minnesota 

Pollution Control Agency (MPCA) adopted sulfate limits for all wastewaters discharged directly 

or indirectly to lakes that are wild rice habitats.  Thus, Blue Lake City has been notified by the 

MPCA that the City’s next wastewater discharge permit will contain a sulfate limit of 10 

milligrams per liter (mg/l), to be met on an average monthly basis year round.  This limit will 

also be imposed on other discharges, such as those from mining operations, which represents a 

costly compliance challenge for the mines given that sulfate leaches from excavated rock and is 

carried by surface runoff to a tributary (West Branch) to Big Rice Lake. 

 

The City’s next discharge permit will be issued in 2020.  As the City’s consultant, you are to 

develop a permit compliance plan.  The plan will most likely involve a project that can be 

designed, constructed, and made operational before 2020 to ensure compliance with the new 

sulfate limit. 

 

Your first step—the object of this Student Challenge—is to conduct planning. You are to study 

alternatives for compliance, estimate costs, and recommend to the City an alternative that will 
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become the basis of the design to follow.  Please use the following information in your 

assumptions. 

 

 

Blue Lake Water Supply, Treatment and Distribution  

 

The City operates a municipal water system with the following characteristics: 

 

Water Source   Underground aquifer 

Volume of Water Extracted 365 million gallons per year (MGY)  

Water Treatment  Iron and manganese filtration plant 

In-Home Treatment  Home water softeners 

Water Treatment Costs $250,000 per year (not including cost of home softeners) 

Raw Water Quality  200 mg/l sulfate 

 

Blue Lake Wastewater Treatment and Discharge 

 

The City operates a municipal wastewater system with the following characteristics: 

 

Treatment Method  Activated Sludge with chemical phosphorus removal 

Volume Treated  1.1 million gallons per day (MGD) 

Effluent Quality  15 mg/l carbonaceous biochemical oxygen demand (CBOD) and 

    total suspended solids (TSS); 0.7 mg/l total phosphorus 

Wastewater Treatment Costs $400,000 per year 

Sulfate Content of Effluent 182 mg/l 

Mercury Content of Effluent 10 to 20 nanograms per liter (ng/liter) 

 

Other Local Conditions 

 

There are two other major water resource features in close proximity to the City that may 

represent an alternative discharge location and water supply, respectively.  See attached map.    

 

One is the St Louis River, a waterway that comprises a different sub-watershed than the Tannic 

River.  The St Louis River drains to Lake Superior while the Tannic River does not.  There are 

no wild ricing operations in the St Louis River watershed.  However, all discharges to Lake 

Superior—either directly or indirectly—are subject to an effluent mercury limit of 6 ng/l.  The 

City’s current wastewater discharge permit does not include a mercury limit.  

 

The other water resource feature is a group of several large open-pit mines that were abandoned 

years ago and allowed to fill up with water.  Water in these pits is abundant and clean, which 

makes them attractive as the water supply for several surrounding cities.  The sulfate content of 

pit water is low (<50 mg/l).  Because the mines are considered “surface water sources” at a 

higher risk of contamination from atmospheric inputs or surface runoff, the State Health 

Department requires that potable water taken from the pits be treated in accordance with surface 

water protection rules before entering distribution systems. 
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Additional sources of general information are: 

 

Wastewater Engineering - Treatment, Disposal, and Reuse, Metcalf & Eddy (3rd, 4th Treatment 

and Reuse, or 5th Ed, Treatment and Resources Recovery), McGraw-Hill. 

 

MWH Water Treatment: Principles and Design, (2nd or 3rd Edition), Wiley 

 

EPA Ground Water and Drinking Water 

http://water.epa.gov/drink/index.cfm 

 

EPA Surface Water Treatment Rules – What do they mean to you?, October 2011 

http://water.epa.gov/lawsregs/rulesregs/sdwa/swtr/upload/SWTRPlainEnglishGuideFinal.pdf 

 

Great Lakes – Upper Mississippi River Board – 10 States Standards (GLUMRB) 

Water and Wastewater Standards 

http://www.10statesstandards.com/ 

 

MPCA Minnesota’s sulfate standard to protect wild rice 

http://www.pca.state.mn.us/index.php/water/water-permits-and-rules/water-

rulemaking/minnesotas-sulfate-standard-to-protect-wild-rice.html 

 

The above sources of general information are only suggestions as a starting point.  Many other 

sources of information exist and can be referenced. 

 

 

Your Scope of Work 

 

The City wishes for you to prepare a presentation that illustrates your alternative evaluation, 

presents your recommended alternative with maps and drawings, and describes all pertinent 

details of the recommended alternative, including capital and operating costs.  Explanations 

about cost comparisons, cost decisions (advantages or concessions), technical pros and cons, and 

final recommendations are highly encouraged.  You should include in your analysis any 

assumptions made and the unit costs for key cost items. 

 

Thanks for participating, and good luck.  We await your proposal with great anticipation. 
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