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Willmar Wastewater Treatment Facility Relocation and Conveyance System Project

By Colleen Thompson, City of Willmar and Rhonda Rae, Donohue & Associates, Inc.

Background

Willmar’s first Wastewater Treatment Facility (WWTF) was built in 1930 at the Willmar Avenue location. As the City grew, two upgrades were completed to the plant to increase the capacity to 2.5 mgd and 5.04 mgd and to address the City’s industrial load. Additional modifications to the waste treatment process included an odor control project, industrial pretreatment, biosolids storage, and three maintenance/improvement projects. 

(insert photo of old WWTF)
In September 2004, the Willmar City Council passed a resolution to relocate its WWTF and improve its conveyance system in order to meet projected growth in population to the year 2030, industrial growth and new water quality standards for phosphorus and ammonia. In addition to moving the WWTF out of the core of the City, the biological treatment process proposed for the new WWTF would minimize odors. 

The principal component of the “Wastewater Program” (Program) involved the planning, design, construction, and start-up of wastewater system improvements necessary to protect the environment, accommodate service area growth, and enhance the aesthetic experience of those living in and visiting the City of Willmar. 

Once the City made the commitment to relocate the WWTF, they realized the complexity of the Program and the time commitment required to carry out the various components of the Program. Donohue & Associates, Inc. was the firm selected to deliver program management and the principal components of the program.

Minnesota Pollution Control Agency (MPCA) personnel were actively involved during the Facilities Planning phase. As a result of the City’s proactive approach, the Facility Plan was submitted to MPCA and was approved with no comments requiring a response or correction.  The new WWTF is meeting its goal of providing excellent effluent quality and enhancing the aesthetic experience of those living in and visiting the City of Willmar. 

Program Divided into Projects 

In order to manage the program more effectively and reach out to local contractors, the program was divided into 11 separate projects for construction. The 11 construction projects are as follows:

· The Interim Modifications project included modifications to the old WWTF in order to keep it operational until the new plant was in operation.

· The Decommissioning of the Existing WWTF includes renovating the administration building into a maintenance shop, equipment and structure removal, demolition, excavation and grading the site for stormwater management.

· The second Decommissioning project involves decommissioning two existing lift stations and rerouting the sewer collection system from a forcemain to a gravity sewer. 

· The new WWTF project involved the construction of 22 structures on more than 20 acres of land.

· Phase 1 of the Southern Interceptor along 5th Street SE (from 28th Avenue SE to 19th Avenue SE and 370 feet along 28th Avenue SE) included 3,200 lineal feet of 48-inch sanitary sewer and 120 lineal feet of 8-inch sanitary sewer.

·  (Insert excavation photo)
· Phase 2 of the Southern Interceptor (from 19th Avenue SE to the existing WWTF) included 1,844 lineal feet of 48- and 36-inch sanitary sewer.

· Phase 3 of the Southern Interceptor project (from BNSF Railroad to 5th Street SE and at the existing WWTF) included 14,800 lineal feet of 48-inch Interceptor and 491 lineal feet of 36-inch Interceptor. Microtunneling methods were required for portions of the sewer installation, and excavations on this project ranged in depth from 20- to 42-feet. 

· Phase 4 of the Southern Interceptor project (from the new WWTF to the BNSF Railroad) included 14,320 lineal feet of 48- and 54-inch diameter gravity sewer, 14,280 lineal feet of 16-inch diameter forcemain, and 3,210 lineal feet of 54-inch diameter outfall sewer. 

· The Forcemain and Gravity Sewer project (from County Ditch 46 to Benson Avenue) included 5,600 lineal feet of 16-inch and 6,106 lineal feet of 8-inch diameter forcemain sewer and 1,116 lineal feet of 24-inch diameter gravity sewer. Jack and bore drilling methods were required for portions of the forcemain installation. 

· As part of a City street reconstruction project, 2,591 lineal feet of 8-inch forcemain was installed. 

· Two duplex submersible pump stations for industrial waste.

Wastewater Treatment Facility Process 

Four main treatment processes occur at the Willmar WWTF for the municipal and industrial waste product. The waste products are treated separately in the first three processes and are combined for the final treatment process.

 (Insert process schematic)
The first step is pretreatment which involves the removal of inorganic debris and begins by pumping the municipal wastewater 43 feet to the screens and an additional 35 feet to allow gravity flow through the plant to Hawk Creek. Both the municipal and industrial pretreatment include selectors which provide the mixing and time for the microorganisms to adsorb and absorb the waste before traveling to the oxidation ditches. Aeration is provided in the selector for mixing and allows the microorganisms to breathe. 

(Insert screw pump picture)
The second step is biological treatment, which occurs in the Municipal and Industrial Oxidation Ditches and provides the aerobic environment that removes pollutants. The Oxidation Ditches are the main reactors for wastewater treatment and provide time for the microorganisms (bugs) to consume the waste and reproduce in an aerobic environment. The aerators provide the aerobic environment and mixing to keep the microorganisms suspended and give them the oxygen to breathe. The microorganisms remove suspended and dissolved pollutants (the bugs feed on the pollutants) before traveling to the clarifier. On the way to the clarifier, ferric chloride is added to remove phosphorous.

(Insert picture of oxidation ditches)
During the third step, chemical treatment, phosphorous is removed and disinfection occurs. The clarifiers provide the microorganisms a place to settle leaving clear water as well as removal of any floating material such as scum. The settled microorganisms are either returned to the selector to be fed again, or a small portion is removed by wasting pumps to the solids handling process. The wasting of solids controls the amount of microorganisms in the process. The clear water goes on to the final treatment.

There are three chemical feed systems: ferric chloride, magnesium hydroxide and sodium hypochlorite (bleach). 

·  Ferric chloride is added to remove phosphorous from the wastewater. The phosphorous-ferric complex settles with the microorganisms and is removed with the waste solids. 

· Magnesium hydroxide is added to the industrial selector to control the pH and alkalinity of the wastewater. 

· Sodium hypochlorite is added to the recirculation water used by the plant staff to wash tanks and equipment, therefore, it must be disinfected. Sodium hypochlorite is also used to kill unwanted microorganisms in the oxidation ditches; this is only done when necessary to improve settling in the clarifiers. 
 (Insert Clarifier picture)
The fourth step is final treatment. In this step, the liquid process is combined for municipal and industrial effluent disinfection. The final liquids process provides UV disinfection that disrupts the ability of the microorganisms to reproduce and therefore they die. 

Industrial and municipal solids that are removed from the liquids process are thickened. After the thickening process, the solids are stored in one of four storage tanks. The contents are mixed before hauling to provide uniform solids concentration. The storage capacity of these tanks is sufficient to allow removal every six months during the crop growing season. The solids are pumped from the storage tanks to liquid haul tanker trucks which then transport the solids to land application vehicles for application to farm land.

 (Insert biosolids storage tank)
The electrical power for the site is supplied by Willmar Municipal Utilities (WMU). Once the power enters the building, a switchgear splits the feed between two redundant power feeds to the electrical motor control system. In the case of a power interruption, two standby generators will automatically start up and supply power to the motor control centers.

The Administration Building is the main center of activity for maintaining the facility, communication, control, analysis and personnel needs. A supervisory control and data acquisition (SCADA) system allows operation of facilities from several locations including the Administration Building. During unattended periods, the system will call an operator to address a critical alarm. 

Also located in the Administration Building is a State-certified and highly-specialized laboratory equipped to check the efficiency of plant operation and effluent quality. Tests conducted in the laboratory include solids, Biochemical Oxygen Demand (BOD), phosphorous, ammonia, pH, dissolved oxygen, fecal coliform, and identification of microorganisms. 

In addition to storage for lubricants and paint, the garage area of the building is used for minor maintenance. Major maintenance projects are performed at the original wastewater site. 

Plant Start-up

Seeding of the new plant began August 25, 2011. A comprehensive startup plan was developed to serve as a guide to all involved parties. The plan’s objectives are listed below.

1. Cost-effectively seed the new plant for nitrification.

2. Predict the startup schedule to ensure system readiness and prepare for incrementally increasing the waste load.

3. Estimate system performance during startup to forecast compliance with the effluent requirements from the Minnesota Pollution Control Agency (MPCA).

4. Schedule staff training for both process operation and equipment systems.

The plan informed all involved parties (City, Contractor, MPCA, and Donohue) of their roles and responsibilities, outlined the sequential steps, and established a schedule for those steps.

Process and equipment training was provided to the City in a scheduled manner that allowed City staff to perform their regular duties. Equipment manufacturers developed classroom and hands-on training manuals that were integrated with the Standard Operating Procedures.

The Bidding Documents required the Contractor to demonstrate operational readiness with a 7-day continuous “clean” water startup test. All process basins were filled with treated effluent from the existing RBC plant and ground water from the dewatering wells. The clean water was recycled through the plant to demonstrate that all liquid-train systems operated as intended. 

The new activated sludge process was seeded using waste RBC solids. Waste RBC solids were discharged to the new five-mile-long interceptor and flushed along the interceptor to the new treatment facility with plant effluent. This method of seeding proved to be extremely efficient and cost effective. 

A Biowin model was used to establish the seeding schedule and predict activated sludge growth for varying waste and seeding scenarios. A waste load scenario was developed to maintain a food-to-microorganism (F:M) ratio in a range of 0.2 to 0.4 to maintain effluent quality. Biowin predicted the solids production and we targeted a mixed liquor concentration of 1000 mg/L to provide good biological flocculation and settling. Using this mixed liquor concentration, target F:M ratio, and estimated seed volume, the Biowin model predicted an acceptable rate of increasing the raw wastewater loading to activated sludge system.

The comprehensive startup plan served as a reliable roadmap through a potentially difficult and stressful course of events, instilling tremendous confidence and a cooperative relationship between the various parties. In the end, the startup plan minimized disagreements, delays, and change orders, and was a critical component of this successful startup.

Community Benefits

The new Wastewater Treatment Facility has resulted in several benefits to the City of Willmar:

· The new Facility is reliable with new and redundant systems to meet new water quality effluent limits for removal of phosphorus and ammonia.

· Higher quality effluent is released into Hawk Creek within the Minnesota River Basin. This will help improve water quality in Hawk Creek, the Minnesota River at Shakopee and the Mississippi River to reduce the overall phosphorus loading to Lake Pepin. 

· (Insert Hawk Creek)
· The new Facility now provides sufficient capacity for local industries to expand and for the City of Willmar to grow for many years and is designed meet projected population and industrial growth to the year 2030.

· Odors are reduced considerably with the new Facility’s processes and demolition of the old Facility.

Funding

The Project will be completed under the total budget amount of $86,218,712. The City of Willmar took a very active role in obtaining grants and low interest loans from the State of Minnesota and the federal government. 

Donohue and the Services They Provided the City of Willmar

Donohue & Associates, Inc., an engineering firm specializing in wastewater, has been providing program management, funding, and planning and design engineering services for the City of Willmar since early 2005. 

This article has been submitted on behalf of the City of Willmar Wastewater Operators by Rhonda Rae, P.E., Program Manager, Donohue & Associates, Inc.

Plant Data (includes Eagle Lake Sanitary District and surrounding service area)





Year 2030 Design Population Projection: 27,236


Average Design Flow: 5.24 mgd


Average Wet Weather Flow: 7.51 mgd





Average Design Loadings:


Organic Biological Oxygen Demand (BOD): 14,679 ppd


Total Suspended Solids (TSS): 9,621 ppd


Nitrogen: 2,548 ppd


Phosphorus: 567 ppd





Effluent Limits: 


5-day CBOD: 15 mg/L


TSS: 30 mg/L


Ammonia Nitrogen: 5 mg/L


Phosphorus: 1 mg/L


Dissolved Oxygen: 6 mg/L





mgd = million gallons per day


ppd = pounds per day











