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March 23, 2010 
 
 
Honorable Mayor, City Council, and City Staff  Board of Managers and Staff 
City of Circle Pines      Rice Creek Watershed District 
200 Civic Heights Circle     4325 Pheasant Ridge Drive NE #611 
Circle Pines, MN  55014     Blaine, MN  55449-4539 
 
Re: Phosphorus Load Reduction Demonstration Project 
 City of Circle Pines 
 WSB Project No. 1507-29 
 
To the City of Circle Pines and Rice Creek Watershed District: 
 
Attached is the report that outlines the results of the Golden Lake Phosphorus Load Reduction 
Demonstration Project that was completed as a cooperative effort between the City of Circle 
Pines and the Rice Creek Watershed District. 
 
We believe you will find the information developed as part of this project to be very useful in 
evaluating available options to meet the water quality improvement goals for Golden Lake, as 
well as provide more insight into the use of flocculation treatment in other applications. 
 
Should you have any questions regarding this information, please do not hesitate to contact me at 
763-287-7188 
 
Sincerely, 
 
WSB & Associates, Inc. 
 
 
 
Pete Willenbring, PE 
Vice President 
 
Attachment 
 
cc: James Keinath, City of Circle Pines 
 
 

 
 
 
 

Minneapolis  St. Cloud 
Equal Opportunity Employer 
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I. INTRODUCTION / PURPOSE OF REPORT 
 

This report outlines the results of the Golden Lake Phosphorus Load Reduction 
Demonstration Project that was undertaken as a cooperative effort between the City of 
Circle Pines and the Rice Creek Watershed District.  The objective of the project was to 
study and gather additional information on the viability of using a flocculation treatment 
system to improve the water quality in and around Golden Lake as well as in other lakes, 
streams, and wetlands within the State of Minnesota. 
 
As part of this effort, a portable flocculation treatment system was installed and operated 
in the summer of 2009 in an area immediately upstream of Golden Lake in the City of 
Circle Pines (Figure 1).  As part of the system operation, sampling and testing of influent 
and effluent concentrations was undertaken, along with monitoring of flow rates and 
other operational parameters.  Upon completion of this testing, the results were analyzed 
and findings were made related to pollutant removal efficiencies, the cost for removal, 
and suggested refinements to the system design.  This information is included within this 
report. 
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II. DESCRIPTION OF SYSTEM  
 

The Golden Lake Phosphorus Load Reduction Demonstration Project utilizes a 
flocculation treatment process similar to that used to treat drinking water; however, the 
process has been modified to treat storm water with a focus on phosphorus removal.   
 
The process has four principal components (see Figure 2).  First, water to be treated is 
pumped from the Golden Lake Wetland to the system where liquid aluminum sulfate is 
added and mixed with the storm water as it enters the device.  Next, the mixture of storm 
water and liquid aluminum sulfate is carried to a settling/contact tank where the 
phosphorus combines with the aluminum to form aluminum sulfate, an insoluble 
compound that forms a floc and settles to the bottom of the chamber.  The third 
component of the process removes the settled floc from the bottom of the settling 
chamber and periodically discharges this floc to the sanitary sewer as part of the routine 
system operation.  The fourth stage skims floatables from the treated water and 
reintroduces the treated water to the Golden Lake wetland in another location.      
 
Other details related to this system design and installation are provided below: 
 

• The system was installed in an upland area on the northeast shoreline of the 
Golden Lake Wetland Treatment System.  The portable flocculation treatment 
system device was installed on a pad that was constructed immediately south of 
Lake Drive and west of Golden Lake Road.  The location of the raw water inlet 
and the treated water outfall are shown on Figure 1 included in Appendix A.  

 
• The Portable Flocculation Treatment System (see Figures 3, 4, 6-11) has a 

primary contact/settling chamber that has a volume of approximately 6,000 
gallons, and based on typical pumping rates, has settling/contact times ranging 
from 30 to 60 minutes. 

 
• A Treatment Reagent Injection System was installed capable of introducing a 

flocculation reagent at a rate ranging from 2 to 85 gallons per day and at a 
discharge pressure ranging from 0 to 100 psi.  Based on a pumping rate of 100 
gallons per minute and a reagent injection rate of 85 gallons per day, this would 
correspond to a dosage rate of 0.6 ml of liquid aluminum sulfate per liter of water 
treated.  (One gallon of liquid aluminum sulfate per 1,666 gallons of untreated 
water.) 

 
• The flocculation sludge removal system consists of three, 8-inch diameter 

perforated pipes placed on the bottom of the tank.  Floc that settled to the bottom 
of the tank in the vicinity of these perforated pipes was then periodically removed 
by pumping water from the bottom of the tank through these perforated pipes, 
and this floc/sludge slurry was then discharged to the sanitary sewer.   

 
• Treated water was discharged from the system through a skimmed surface 

overflow that was installed on the down-flow side of the settling chamber. 
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• Both gasoline and electric pumps were utilized as part of the system testing.  
These pumps had the capability of pumping water through the system at a rate 
ranging from 75 to 150 gallons per minute. 

 
• The untreated raw-water, inflow line consisted of a 3-inch diameter suction hose 

with an inlet strainer that was placed in the Golden Lake wetland in an area that 
had a depth of approximately 3 feet. 

 
• Inspection ports were constructed in the roof of the treatment tank to monitor the 

flow rate and visually observe the effectiveness of the treatment process at 
suitable locations within the device. 
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III. ACTIVITIES COMPLETED 
 

In order to obtain information on the design, operation, and removal efficiency of the 
treatment system, a number of activities and analyses were undertaken.  These activities 
included the following:   

 
• Constructing a Class V Aggregate base/pad for the treatment system, a raw-water, 

intake line, a treated water outfall line, a discharge line to the sanitary sewer, and 
a power feed to the portable treatment system.  

 
• Constructing a pond in a depression adjacent to the portable treatment system to 

allow for more detailed visual observations and sampling of the treated water 
discharged from the system under various operational scenarios.  

 
• Completing jar tests to approximate reagent dosage rates and estimate removal 

efficiencies. 
 
• Operating the system at various process flow rates, monitoring the flow 

characteristics through the treatment chamber, and evaluating the suitability of the 
design as it relates to the sizing for the intake and discharge pipes. 

 
• Installing a system of weirs and measuring devices to quantify the rates of flow 

for both treatment reagents and raw-water inflow. 
 
• Collecting samples of raw untreated water and treated water, then analyzing the 

water for concentrations of total and ortho-phosphorus, total suspended solids, 
and pH.   

 
• Completing inspections of the tank bottom and the treated water outfall to 

evaluate the design relative to removal of accumulated floc/sediment in the 
bottom of the tank and the extent to which floc could remain in suspension and be 
discharged from the system with the treated water. 

 
• Operating the system at various alum-dosage feed rates to observe floc settling 

characteristics, removal efficiencies, and the cost-effectiveness of applying 
flocculation reagents at varying dosage rates. 

 
• Submitting permit applications and receiving permits from the Metropolitan 

Council Environmental Services (MCES) Division that allowed for the discharge 
of flocculated sediment into the sanitary sewer. 

 
• Testing of the settled floc discharged to the sanitary sewer per the terms of the 

MCES permit. 
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IV. FINDINGS 
 

A. Phosphorus Removal Efficiency 
 

• Based on jar tests that were undertaken to determine the most appropriate 
alum dosage rates, it was noted, for dosage rates between 0.2 and 0.8 ml 
per liter, between 60 and 90 percent of the total phosphorus and 70 to 100 
percent of the ortho-phosphorus could be removed.  This testing was 
completed without the use of any buffering reagent to optimize pH. 

 
• During operational testing of the system (see Table 1), based on dosage 

rates ranging from 0.25 ml/liter to 0.5 ml/liter, total phosphorus removal 
ranged from 48 to 82 percent. 

 
• Based on a dosage rate of 0.5 ml/liter, an 82 percent total phosphorus 

removal efficiency was observed, which reduced the phosphorus 
concentration in the water from 170 to 30 ppb.  A similar removal 
percentage (76 percent) was also observed utilizing this dosage rate but at 
a lower process flow rate. 

 
• Operational monitoring for ortho-phosphorus removal (see Table 2) 

indicated for liquid aluminum sulfate dosage rates ranging from 0.125 
ml/liter to 0.5 ml/liter; removal efficiencies ranged from 50 percent to 100 
percent.  

 
• Based aluminum sulfate dosage rates ranging from 0.25 ml/liter to 0.5 

ml/liter total suspended solids removal was observed to range from 15 to 
100 percent (see Table 3).   

 
B. Cost to Operate 

 
Table 4 in Appendix B provides information on the anticipated cost to operate 
this portable flocculation treatment system.  The cost estimates are based on an 
analysis of two scenarios, one utilizes a lower alum-dosage feed rate, which has 
lower total phosphorus removal, and one utilizing a higher dosage rate, higher 
reagent costs, but also a higher phosphorus removal rate.  Estimates for power 
usage, capital, and personnel cost to operate this system are also shown.   
 
Based on this analysis, it is estimated the cost to operate this system will range 
from $1,225 to $1,580 dollars/per pound of phosphorus removal.  A comparison 
of this cost to other BMPs based on a document entitled, “A Public Works 
Perspective on the Cost versus Benefit of a Specific Storm Water Management 
Practices,” is provided on Table 5. 
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C. System Operation/Design Considerations 
 

• Based on the treatment tank having a 6,000 gallon storage capacity, a 
treatment pumping rate of between 100 and 150 gallons per minute, and 
40 to 60 minutes of contact time, it was noted that some short circuiting of 
the flow does occur and will likely occur to some extent even under the 
most optimal conditions.  It was also noted that some thermal stratification 
might be occurring, and installation of additional baffles in the tank would 
be beneficial.  Furthermore, it was noted that a process pumping rate of 
100 gallons per minute instead of higher pumping rates generally allowed 
for greater percent removal efficiencies but not necessarily greater 
operational efficiencies (cost/lb of phosphorus reviewed may be higher.) 

 
• The surface skimming system on the downstream side of the tank worked 

well, but the discharge weir could be reduced to increase the distance the 
water must travel prior to it being discharged from the system.   

 
• The system of quick disconnects for hoses that serve to either bring water 

into the system, discharge treated water, or remove flocculant from the 
bottom of the tank were found to be versatile and useful in this 
demonstration project. 

 
• Based on the system having a treatment pumping rate ranging from 75 to 

150 gallons per minute, the metering pump that was installed, which has a 
range of flow rates from between 2 and 85 gallons per day, is 
appropriately sized to provide dosage rates needed to optimally treat storm 
water in this area.  It was observed, however, that the dosage rate must be 
optimized based on the specific quality and alkalinity of the water treated. 

 
• When appropriate dosage rates and retention times were utilized, the 

treated water discharged from the system had little floc present.  However, 
the potential for some floc to be discharged from the system will always 
remain, particularly, during system start-up, and during periods when 
refinement of the dosage rate is being undertaken.  While infrequent 
discharge of the floc should not cause a problem (in-lake treatments are 
routinely used where all the floc is allowed to settle to the bottom of the 
basin) it is recommended that the system design include utilization of a 
secondary contact/settling area that can be used to monitor the water 
treated, allow for additional floc formation and settling, and provide 
additional treatment contact time to increase the removal efficiencies for 
the process.   

 
• It was noted that removal of floc deposited at the bottom of the tank might 

be enhanced by shutting off the treatment process for one hour prior to 
discharging the sludge to the sanitary sewer.  It is recommended that this 
procedure be undertaken when sludge is pumped from the bottom of the 
tank. 



    
 
Golden Lake Phosphorus Load Reduction Demonstration Project 
City of Circle Pines and Rice Creek Watershed District 
WSB Project No. 1507-29 Page 7 

 
• Tables 6 and 7 provide information on the amount of water that was 

treated during the test along with volume of water that was discharged to 
the sanitary sewer.  This can be observed from Table 6; approximately 9-
acre feet of water was pumped through the system as part of this test and 
approximately 7,000 cubic feet (0.15 acre feet) was discharged to the 
sanitary sewer.  It must be noted that as part of this demonstration project, 
significantly more water was discharged to the sanitary sewer then would 
normally be needed.  This was to facilitate testing of the treatment process 
under varying dosage rates. 

 
• As part of the MCES discharge permit, testing of the floc slurry 

discharged to the sanitary sewer was required.  The results of this testing is 
provided on Table 8.  As can be observed from this table, the 
concentration of all elements of concern by MCES were well within 
allowable limits with the exception of pH.  Testing of the floc sample at 
the laboratory showed the pH to be less than that allowed by MCES 
discharge limits.  In addition, monitoring of the sludge in the tank at the 
time it was discharged was found too close to or slightly below the 
allowable limit of a pH of 5 at times during the demonstration project.  For 
this reason, when this floc is discharged into the sanitary sewer, buffering 
the discharge utilizing sodium hydroxide would be warranted. 

 
• To increase phosphorus removal efficiencies and offset observed low pH 

that occurs when using higher aluminum sulfate dosage rates, it is 
recommended that a sodium hydroxide buffer solution be incorporated 
into the treatment process. 

 
• Jar tests indicate that at a sodium hydroxide dosage rate of 1 part per 

10,000, the pH of the water being treated, as well as the pH of the 
flocculant discharged to the sanitary sewer could be maintained close to a 
pH of 7. 

 
• Based on studies on the efficiency of chemical reactions of aluminum in 

different pH environments, phosphorus removal efficiencies could be 
increased by adding buffering agents.  Information on this principle is 
included as reference information in Appendix C of this report. 

 
• Sampling of the quality of water in the Golden Lake wetland during the 

demonstration project (completed on August 25, 2009) indicated the total 
phosphorus concentration of water in the wetland ranged from 0.24 to 0.28 
ml/liter based on sampling in two locations, and the ortho-phosphorus 
concentration ranged from 0.06 to 0.07 ml/liter.  Results of this monitoring 
are shown on Table 9.  The specific location from which this water quality 
information was collected is shown on Figure 8 in Appendix A. 
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V. SUMMARY 
 
The Golden Lake Phosphorus Load Reduction Demonstration Project was undertaken to further 
evaluate the viability of using a flocculation process to remove phosphorus from storm water.  
This process was evaluated using a Portable Flocculation Treatment System that was installed to 
treat water from the Golden Lake wetland in Circle Pines.  The demonstration project was 
developed to provide additional answers to a number of questions concerning the applicability of 
this technology to treat storm water runoff.  A list of the questions and answers are provided 
below. 
 
Question No. 1 What typical phosphorus removal efficiency can be anticipated utilizing 

an aluminum sulfate flocculation treatment process? 
 

Answer – With proper system operation, between 70 and 90 percent of the 
phosphorus in the water could be removed.   

 
Question No. 2 What dosage of liquid aluminum sulfate should be used in this location to 

achieve optimum phosphorus removal results? 
 

Answer – Based on the demonstration project, dosage rates ranging from 
0.25 ml/liter to 0.5 ml/liter of liquid aluminum sulfate appeared to 
optimize removal.  It was also observed that at the lower dosage rates, the 
removal efficiency may not be as high, but that the number of pounds of 
phosphorus removed per liter of liquid aluminum sulfate utilized was 
maximized.  Higher dosage rates were observed to increase removal 
efficiencies and provide a higher quality effluent but at a slightly higher 
cost per pound of phosphorus removed.  It was also noted that at higher 
dosage rates, there was an increased need to add a buffering compound to 
the process to maintain the pH at acceptable levels.   

 
Question No. 3 Is pH control an issue? 
 

Answer – A review of literature values as well as monitoring data did 
indicate that if higher removal of efficiencies is desired or if the flocculant 
is discharged to the sanitary sewer, the inclusion of a buffering agent in 
the process should be considered.  With the introduction of a buffering 
agent, the theoretical maximum removal of phosphorus increases if the pH 
can be maintained close to 7.0.  Although the cost for treatment will 
increase by approximately 20 percent if a buffering agent is used, an 
increase in removal efficiency is also anticipated which might off set a 
significant portion of the additional cost associated with adding a 
buffering agent. 

 
Question No. 4 Is the flocculant/sludge that is deposited in the bottom of the settling 

chamber suitable for discharge to the sanitary sewer? 
 

Answer – With the exception of pH, the characteristics of the 
flocculant/sludge were well below any limits set by MCES for discharge to 
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the sanitary sewer.  At higher aluminum sulfate dosage rates or when 
sludge pumping occurs at less frequent intervals, it is anticipated a 
buffering agent would be needed in this application to meet allowable pH 
levels for discharge to the sanitary sewer. 

 
Question No. 5 What is the anticipated cost per pound of phosphorus removed for 

operation of this system?  
 

Answer – The cost per pound of phosphorus removed is dependent on the 
concentration of phosphorus in the untreated water, the alkalinity, the 
extent to which a buffer must be used to treat the water, the pumping rate 
and or capacity of the system, the extent to which the system is automated, 
and other factors.  Previous studies have shown that large-scale 
flocculation treatment systems can remove phosphorus at costs ranging 
from $250 to $500 per pound.  Smaller scale systems would likely have 
removal costs ranging from $800 to $1,500 per pound of phosphorus 
removed.  It is anticipated that the long-term operation of this treatment 
system in this location could remove phosphorus at a cost of between $900 
and $1,400 per pound, achieve phosphorus removal efficiencies in excess 
of 75 percent, and achieve a treated effluent with phosphorus 
concentration less than 60 ppb. 

 
Question No. 6 What operational considerations should be incorporated into this 

demonstration project in order for the system to be operated on a 
permanent basis? 

 
Answer – Permanent raw water intake and treated water discharge pipes 
would need to be installed to prevent short circuiting of treated water, a 
permanent buried sludge disposal outfall would need to be constructed 
and routed to the sanitary sewer manhole south of Lake Drive, and a 
secondary treatment pond should be constructed adjacent to the portable 
treatment system.  This pond would serve to provide additional contact 
time and provide enhanced opportunities for monitoring and pH 
adjustment as needed.  In addition, it is recommended that the ditch that is 
currently in place along the County Ditch 53-62 alignment be cleaned out 
and utilized to discharge treated water directly to Golden Lake when 
operational considerations warrant.  
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Portable Flocculation Treatment System 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
                   

Figure 7  
   
   
   
   
   
   
   
   
   
   
   

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Portable Flocculation Treatment System 
Discharge Header, Flocculent Removal Header, and Skimmers 



 
                   

Figure 8  
   
   
   
   
   
   
   
   
   
   
   

 

Portable Flocculation Treatment System 
Water pump, Reagent, and Metering System 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
                   

Figure 9  
   
   
   
   
   
   
   
   
   
   
   

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Portable Flocculation Treatment System 
Sanitary Discharge to MCES Sewer 

 



 
                   

Figure 10  
   
   
   
   
   
   
   
   
   
   
   

 

Portable Flocculation Treatment System 
Treated Water Discharging into Secondary Containment Pond 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
                   

Figure 11  
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Portable Flocculation Treatment System 
Comparison of Treated and Untreated Water 
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Table 1
MONITORING RESULTS

WSB Project No 1507-29 for 
TOTAL PHOSPHORUS REMOVAL

Testing Date
Pumping 

Rate 
(gpm)

Aluminum 
Sulfate 

Dosage Ratio

Aluminum 
Sulfate Dosage 
Rate (ml/min)

Pre-Treatment 
Total 

Phosphorus 
(mg/L)

Post-
Treatment 

Total 
Phosphorus 

(mg/L)

Total 
Phosphorus 
Reduction 

(mg/L)

Total 
Phosphorus 

Removal 
(Percentage)

Total 
Phosphorus 

Removal 
(lbs/acft)

Total 
Phosphorus 
Removal (lbs 
per month)

7/27/2009 80 0.5/1000 153.00 0.33 0.08 0.25 76% 0.70 7.42
7/28/2009 80 0.25/1000 77.00 0.29 0.15 0.14 48% 0.39 4.13
8/27/2009 115 0.125/1000 54.00 0.25 0.22 0.03 12% 0.08 1.26
9/9/2009 115 0.50/1000 217.00 0.17 0.03 0.14 82% 0.38 6.00

9/10/2009 115 0.038/1000 163.00 0.24 0.08 0.16 67% 0.44 6.95

* Water sample testing was performed by William Lloyd Analytical Laboratory.

City of Circle Pines Phosphorus Reduction 
Demonstration Project 



Table 2
MONITORING RESULTS

WSB Project No 1507-29 for 
ORTHO PHOSPHORUS REMOVAL

Testing Date Pumping 
Rate (gpm)

Aluminum 
Sulfate Dosage 

Ratio

Aluminum 
Sulfate Dosage 
Rate (ml/min)

Pre-
Treatment 

Ortho 
Phosphorus 

(mg/L)

Post-Treatment 
Ortho 

Phosphorus 
(mg/L)

Ortho 
Phosphorus 
Reduction 

(mg/L)

Ortho 
Phosphorus 

Removal 
(Percentage)

Ortho 
Phosphorus 

Removal 
(lbs/acft)

Ortho 
Phosphorus 
Removal (lbs 
per month)

8/27/2009 115 0.125/1000 54.00 0.04 0.02 0.02 50% 0.08 1.26
9/9/2009 115 0.50/1000 217.00 0.02 0.00 0.02 100% 0.05 0.79

* Water sample testing was performed by William Lloyd Analytical Laboratory.

City of Circle Pines Phosphorus Reduction 
Demonstration Project 



Table 3
MONITORING RESULTS

WSB Project No 1507-29 for 
TOTAL SUSPENDED SOLIDS REMOVAL

Testing Date Pumping 
Rate (gpm)

Aluminum 
Sulfate Dosage 

Ratio

Aluminum 
Sulfate Dosage 
Rate (ml/min)

Pre-
Treatment 

Total 
Suspended 

Solids 
(mg/L)

Post-Treatment 
Total 

Suspended 
Solids (mg/L)

Total 
Suspended 

Solids 
Reduction 

(mg/L)

Total 
Suspended 

Solids 
Removal 

(Percentage)

Total 
Suspended 

Solids 
Removal 
(lbs/acft)

Total 
Suspended 

Solids 
Removal (lbs 
per month)

7/27/2009 80 0.5/1000 153.00 68 11 57 84% 155 1643
7/28/2009 80 0.25/1000 77.00 10 4 6 60% 15 159
8/25/2009 115 0.25/1000 108.00 57 37 20 35% 54 853
8/27/2009 115 0.125/1000 54.00 13 11 2 15% 5 79
9/9/2009 115 0.50/1000 217.00 7 0 7 100% 19 300

* Water sample testing was performed by William Lloyd Analytical Laboratory.

City of Circle Pines Phosphorus Reduction 
Demonstration Project 



Table 4

WSB Project No 1507-29 MONITORING RESULTS
for 

COST TO OPERATE FLOCCULENT TREATMENT SYSTEM

Pre-Treatment 
TP 

Concentration 
(ppb)

Post-
Treatment TP 
Concentration 

(ppb)

Alum 
Dosage 

Rate 
(ml/liter)

Pumping 
Rate 

(gpm)

Alum 
Cost / 
Month

Floc 
Disposal 

Cost / 
Month

Sodium 
Hydroxide 
(pH Buffer) 

/ Month

Monthly 
Electrical, 
Capitol, 

and 
Personal 

Costs

Total 
Monthly 

Operational 
Costs

Pounds 
Removed 
/ Month

Cost / lbs 
of TP 

Removed

3.3 0.8 0.5 100 $4,300 $240 $2,000.00 $4,500.00 $11,000.00 9 lbs $1,225.00 
2.9 1.4 0.25 100 $2,150 $240 $1,000.00 $4,500.00 $7,900.00 5 lbs $1,580.00 

* Estimated Costs
Electricity   $500 / Month

Amortized 
Capital Cost   $3000 / Month

Personnel 

Estimated 
Total Monthly 
Cost: 

$4,500.00

* This cost is based on a pumping rate of 100 gpm. As the system size and pumping rate increases, the cost per pound of Phosphorus removed will be reduced.

City of Circle Pines Phosphorus Reduction 
Demonstration Project 

20 Hours / Month @ $50.00 /Hour



City of Circle Pines Phosphorus Reduction  Table 5
Demonstration Project
WSB Project No 1507-29

PHOSPHORUS REMOVAL COSTS FOR VARIOUS BMPs  BASED ON THE MPWA PAPER

A Public Works Perspective of the Cost vs Benefit of Various Stormwater Treatment Practices

1 NURP Basin $1,554 

2 Raingarden $8,715 

2a Raingarden No. 2 $2,460 

3 Water Reuse/Stormwater Irrigation System $533 

4 Wastewater Treatment Plant $220 

5 Flocculation - Large Scale System $280 

6 Underground Treatment Devices $830 

Phosphorus 
Removal Cost / lb.BMP No. BMP Description



Table 6

WSB Project No 1507-29 MONITORING RESULTS
for

WATER VOLUME TREATED DURING DEMONSTRATION PROJECT

Run Time 
(hr)

Run Time 
(Min)

Pumping Rate 
(gpm)

Discharge 
Volume of 

Treated Water 
(cuft)

7/16/2009 7/16/2009 8 480 80 5120
7/22/2009 7/29/2009 150 9000 80 96000
8/4/2009 8/7/2009 74 4440 80 47360

8/12/2009 8/14/2009 50 3,000 115 46,000
8/17/2009 8/18/2009 38 2,280 115 34,960
8/25/2009 8/27/2009 50 3,000 115 46,000
9/1/2009 9/3/2009 50 3,000 115 46,000  
9/8/2009 9/11/2009 50 3,000 115 46,000

9/14/2009 9/15/2009 35 2,100 115 32,200  
9/30/2009 9/30/2009 4 240 134 *

Total volume of surface water Treatment (cuft) 399,640

* Denotes no discharge to the MCES Sanitary Sewer.

Dates of Operation

City of Circle Pines Phosphorus 
Reduction Demonstration Project 



Table 7

WSB Project No 1507-29 MONITORING RESULTS
for

VOLUME OF WATER DISCHARGED TO MCES SANITARY SEWER 

Run Time 
(hr)

Run Time 
(Min)

Pumping Rate 
(gpm)

Discharge 
Volume of Floc 

to MCES 
Sanitary Sewer 

(cu ft)

Additional 
Discharges to 
MCES Sanitary 
Sewer (cu ft)**

7/16/2009 7/16/2009 8 480 80 161 *
7/22/2009 7/29/2009 150 9000 80 2254 *
8/4/2009 8/7/2009 74 4440 80 966 *

8/12/2009 8/14/2009 50 3000 115 644 644
8/17/2009 8/18/2009 38 2280 115 483 *
8/25/2009 8/27/2009 50 3000 115 644 *
9/1/2009 9/3/2009 50 3000 115 644 6
9/8/2009 9/11/2009 50 3000 115 966 *

9/14/2009 9/15/2009 35 2100 115 483 4
9/30/2009 9/30/2009 4 240 134 - 43

Total discharge volume to MCES sanitary sewer (cu ft) = 7,245

* Denotes no discharge to the MCES Sanitary Sewer.
**Require for maintenance and demonstration

Dates of Operation

City of Circle Pines Phosphorus 
Reduction Demonstration Project 



City of Circle Pines Phosphorus Table 8
Reduction Demonstration Project MONITORING RESULTS
WSB Project No 1507-29 for

FLOCCULENT DISCHARGED TO MCES SANITARY SEWER  

Sample 
Collection 

Date
MCES Testing Requirements Sanitary Sewer Discharge Results     

(mg/L)

Maximum MCES Sanitary 
Sewer Discharge Limits 

(mg/L)

7/27/2009 Total Phosphorus 1.34 *

Total Suspended Solids 3880 *

 pH 4.59  5 (min) 11(max)

Mercury 0.00042 0.002

Chemical Oxygen Demand 136 *

Arsenic 0.03417 *

Cadmium 0.00162 1.0

Chromium 0.00654 6.0

Copper 0.03890 4.0

Lead 0.00904 1.0

Nickel 0.00766 6.0

Zinc 0.08336 6.0

Molybdenum 0.01517 *

Selenium 0.04894 *

* Limit not established by MCES for Sanitary Sewer Discharge.
** Material Testing was performed by William Lloyd Analytical Laboratory and Braun Intertec Analytical Laboratory.



Table 9

WSB Project No 1507-29 MONITORING RESULTS
GOLDEN LAKE WETLAND WATER QUALITY

Testing Date Testing 
Location

Testing 
Depth (ft)

Total 
Phosphorus 

(mg/L)

Ortho 
Phosphorus 

(mg/L)

Total 
Suspended 

Solids  
(mg/L)

Chlorophyll A  
(ug/L)

Secci 
Depth (ft) pH

Dissolved 
Oxygen 
(mg/L)

Temperature 
(c)

8/25/2009 Surface * * * * * 7.70 7.08 22.00
1.00 0.24 0.06 57 39 * * 6.74 21.90
2.00 * * * * 2.50 * 5.50 21.30
3.00 0.27 0.06 27 21 * * 3.45 20.80
3.50 * * * * * * 0.07 20.80

8/25/2009 Surface * * * * * 8.24 12.00 24.00
1.00 0.28 0.06 0 67 * * 9.60 22.90
2.00 * * * * 2.50 * 5.21 22.10
3.00 * * * * * * 5.05 21.40
4.00 * * * * * * 0.15 21.00
5.00 0.26 0.07 2 62 * * 0.04 20.50

* Water quality data was not collected at these depths.
** Testing was performed by William Lloyd Analytical Laboratory and Braun Intertec Analytical Laboratory.

Location B 
(See 

Attached 
Figure)

Location A 
(See 

Attached 
Figure)

City of Circle Pines Phosphorus 
Reduction Demonstration Project 



Table 10
MONITORING RESULTS

WSB Project No 1507-29 IMPACT OF TREATMENT PROCESS
ON

pH LEVELS 
(without buffer)

Testing Date Pumping Rate 
(gpm)

Aluminum Sulfate 
Dosage Ratio

Aluminum 
Sulfate Dosage 
Rate (ml/min)

Pre-
Treatment 

pH
In-Tank pH Post-

Treatment pH

7/27/2009 80 0.5/1000 153.00 7.38 4.58 5.40
7/28/2009 80 0.25/1000 77.00 7.48 3.89 5.85
8/14/2009 115 0.25/1000 108.00 7.61 4.41 5.68
8/25/2009 115 0.25/1000 108.00 7.70 4.53 6.29
8/27/2009 115 0.125/1000 54.00 7.53 4.07 7.12
9/1/3909 115 0.18/1000 78.00 7.64 4.72 6.73
9/9/2009 115 0.50/1000 217.00 7.74 4.80 5.38

9/10/2009 115 0.038/1000 163.00 7.65 5.07 6.06
9/11/2009 115 0.55/1000 239.00 7.48 5.49 5.92
9/15/2009 115 0.18/1000 78.00 7.73 5.55 7.13

* MCES minimum and maximum pH Levels 5.0 to 11.0
* Recommended surface water discharge pH Level is 6.0

City of Circle Pines Phosphorus Reduction 
Demonstration Project 
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