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Introduction 
 
Spring Lake is a recreational lake located in central Scott County, Minnesota.  The lake 
is listed on the State Impaired Waters List as impaired for aquatic recreation due to 
excess nutrients.  Monitoring completed by the Prior Lake-Spring Lake Watershed 
District (PLSLWD) in the 1990’s identified phosphorus as the nutrient most contributing 
to water quality impairment and algae blooms.  That study also noted that a significant 
portion of the phosphorus entering Spring Lake was in the form of dissolved phosphorus 
thus making it readily available for algal uptake.  Spring Lake flows directly into Upper 
Prior Lake, which is also listed as impaired due to excess nutrients. 
 
In 1998, the PLSLWD constructed a ferric chloride (FeCl3) treatment system to 
precipitate dissolved phosphorus out of stormwater from County Ditch 13, the main 
inflow to Spring Lake. Appendix 1 shows the location of the system relative to Spring 
Lake. The system was constructed as part of a Minnesota Pollution Control Agency 
(MPCA) Clean Water Partnership Implementation Project.  The treatment system began 
operating under a permit from the Department of Natural Resources.  In 2004, the 
treatment system permit was renewed as a National Pollutant Discharge Elimination 
System permit administered by the MPCA. The District applied to the MPCA for a 
renewed permit   in 2009.  While no new permit has been issued, the District had been 
granted approval to operate the system under the terms of the expired permit, and was 
again approved for 2012.   
 
The treatment system involves the injection of 32.5% liquid FeCl3 solution into water just 
downstream of Scott County Ditch 13, immediately upstream of State Trunk Highway 13 
and a short distance upstream of Spring Lake.  The iron within the FeCl3 binds with the 
dissolved phosphorus in the water and creates colloidal particles (floc).  The treated 
water flows downstream into a constructed desiltation basin that is located northeast of 
the FeCl3 injection point and immediately upstream of Spring Lake.  The resulting iron-
phosphorus floc particles are captured in this basin as the water flows to Spring Lake. 
 

Summary of 2012 Treatment System and Monitoring Operations 
 
The District did not operate the FeCl3 system in 2012.  The desiltation pond was 
dredged in January 2012, coupled with almost no snow cover and spring runoff; the 
opportunity arose to test the effectiveness of dissolved phosphorus removal in the 
desiltation basin alone, with no FeCl3 dosing.  Having been recently dredged, the pond 
should have been in its peak performance.  In addition, the supply of FeCl3 was 
depleted in 2011 and the District had contracted to have the tank and facility cleaned 
since the District was anticipating the replacement of the system in 2012.  As such, it 
seemed impractical to purchase material that might have to be disposed of later in the 
year during construction if the system was not to be operated.  However, May and June 
saw particularly heavy rain events and then July and August experience above average 
temperatures which lead to significant algae blooms.     
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Samples were taken upstream and downstream of the dosing station on 21 days during 
2012, approximately 3 times per month.  Duplicates were taken on 10 percent of the 
samples to test for quality control and quality assurance.  An ultrasonic distance sensor 
recorded stage at the weir upstream of the injection site on a 15-minute interval, which 
was also used to calculate flow by using a stage:discharge relationship (rating curve).  
Three flow measurements were taken at various stages in 2012 to verify that the current 
rating curve was accurate.  Rainfall was also recorded in 15-minute intervals by a 
tipping bucket located at the station.  Appendix 1 shows the location of the sampling 
sites and the specific site information. Table 3 presents the results of the sampling in 
2012. 
 
Table 1 summarizes the operation of the system during 2012 and Table 2 summarizes 
the FeCl3 application and flows during each month of operation. 
 
Table 1: 2012 Summary FeCl3 Monthly Operations  

Month Operating Status/Notes 

January Primarily frozen conditions along County Ditch 13 (CD-13).  Treatment system was shut down; 
no dosing occurred. 

February Primarily frozen conditions along CD-13.  Treatment system was shut down; no dosing occurred. 
One monitoring sample collected. 

March Treatment system was shut down; no dosing occurred. Three monitoring samples collected. 

April Treatment system was shut down; no dosing occurred. Three monitoring samples collected, plus 
one duplicate. 

May Treatment system was shut down; no dosing occurred. Three monitoring samples collected, plus 
one duplicate. 

June Treatment system was shut down; no dosing occurred. Three monitoring samples collected, plus 
one duplicate. 

July Treatment system was shut down; no dosing occurred. Three monitoring samples collected, plus 
one duplicate. 

August Treatment system was shut down; no dosing occurred. Three monitoring samples collected, plus 
one duplicate. 

September Treatment system was shut down; no dosing occurred. Two monitoring samples collected, plus 
one duplicate. 

October Treatment system was shut down; no dosing occurred. 

November Treatment system was shut down; no dosing occurred. 

December Treatment system was shut down; no dosing occurred. 
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Table 2: 2012 Summary of FeCl3 Monthly Dosing 

 
All numbers in Table 3 under Soluble Reactive Phosphorus were analyzed after being 
filtered in the lab. Therefore the numbers do not reflect Total Orthophosphate as has 
been recorded in years previous to 2011, but rather filtered Dissolved Orthophosphate, 
also known as Soluble Reactive Phosphorus (SRP). These data provide an accurate 
assessment of the treatment system’s efficiency in reducing SRP which was not 
obtainable with the previous monitoring parameters. 

Month 
FeCl3 Solution 

Dosed (gal) 
Fe Dosed (kg) Cl Dosed (kg) 

Water Flow  
(million gallons) 

Days 
Dosed 

January 0.00 0.00 0.00 --  0.00 

February 0.00 0.00 0.00 --  0.00 

March 0.00 0.00 0.00 --  0.00 

April 0.00 0.00 0.00 --  0.00 

May 0.00 0.00 0.00 --  0.00 

June 0.00 0.00 0.00 --  0.00 

July 0.00 0.00 0.00 -- 0.00 

August 0.00 0.00 0.00 -- 0.00 

September 0.00 0.00 0.00 -- 0.00 

October 0.00 0.00 0.00 -- 0.00 

November 0.00 0.00 0.00 -- 0.00 

December 0.00 0.00 0.00 -- 0.00 

2012 Total 0.00 0.00 0.00 --  0.00 
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Table 3: 2012 FeCl3 System Monitoring Results 

Date Total Phosphorus (mg/L) 
Soluble Reactive Phosphorus 

(mg/L)** 
Total Iron as Fe (mg/L) 

 

Upstream   Downstream  
% Decrease 
Upstream to 
Downstream 

Upstream Downstream 
% Decrease 
Upstream to 
Downstream 

Upstream Downstream* 

2/29/12 1.000 0.630 37.0% 0.810 0.380 53.1% 0.600 0.560 

3/7/12 0.620 0.910 -46.8% 0.360 0.610 -69.4% 0.940 0.670 

3/12/12 0.400 0.510 -27.5% 0.072 0.320 -344.4% 1.400 0.540 

3/21/12 0.320 0.270 15.6% 0.011 0.010 9.1% 0.760 0.670 

4/2/12 0.150 0.130 13.3% 0.014 0.008 42.9% 0.520 0.320 

4/9/12 0.130 0.140 -7.7% 0.006 0.006 0.0% 0.031 0.030 

4/16/12 0.150 0.150 0.0% 0.031 0.022 29.0% 0.300 0.270 

5/2/12 0.150 0.150 0.0% 0.013 0.012 7.7% 0.370 0.390 

5/7/12 0.430 0.430 0.0% 0.270 0.270 0.0% 4.000 4.500 

5/14/12 0.110 0.120 -9.1% 0.062 0.068 -9.7% 0.500 0.490 

6/4/12 0.093 0.095 -2.2% 0.047 0.051 -8.5% 0.410 0.400 

6/11/12 0.170 0.100 41.2% 0.066 0.011 83.3% 0.630 0.370 

6/19/12 0.370 0.360 2.7% 0.230 0.230 0.0% 3.000 2.800 

7/2/12 0.220 0.150 31.8% 0.120 0.006 95.0% 0.630 0.130 

7/16/12 0.530 0.370 30.2% 0.320 0.250 21.9% 0.710 0.270 

7/24/12 0.390 0.410 -5.1% 0.160 0.290 -81.3% 1.100 0.370 

8/6/12 0.450 0.320 28.9% 0.150 0.220 -46.7% 0.840 0.270 

8/20/12 0.320 0.310 3.1% 0.060 0.210 -250.0% 1.400 0.260 

8/27/12 0.290 0.260 10.3% 0.100 0.130 -30.0% 1.200 0.480 

9/4/12 *** 0.360 0.390 -8.3% 0.110 0.190 -72.7% 0.870 0.840 

9/10/12 *** 0.290 0.300 -3.4% 0.042 0.170 -595.2% 1.300 0.740 

Average 0.386 0.338 12.4% 0.198 0.184 7.1% 1.024 0.732 

* Site where permit limit applies (Limit 1.245 mg/L Fe) 
** Soluble Reactive Phosphorus, as filtered dissolved Orthophosphate. Lab filtered. 

 

Treatment System Effectiveness 
 
Several studies have been completed through the years on the effectiveness of the 
FeCl3 system, with the most recent being completed in 2010 (Appendix 2). This analysis 
was a comprehensive assessment of both the raw monitoring data and the conclusions 
of the previous studies. It was concluded that for the years the system was in operation 
and monitoring data are available (1999-2001 and 2006-2008) the system removed 
35% of Total Phosphorus (TP). Due to the limitations of the parameters that have been 
monitored through the years, TP and Total Ortho Phosphorus (TOP), an accurate 
distinction of the FeCl3’s effect on SRP removal could not be made apart from the 
potential physical settling occurring within the desiltation basin. This is a departure from 
the effectiveness conclusions stated in previous studies where reductions in TOP were 
inaccurately presented as a reduction in Dissolved Phosphorus. In response to this 
finding, the District began monitoring SRP in 2011.  SRP is the most representative 
parameter of Dissolved Phosphorus, which is the nutrient most available for algae. 
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Due to a variety of reasons previously mentioned, only 4 of the 30 samples collected 
since 2011 were collected during a FeCl3 dosing.  However, from the small data set 
collected, the SRP reduction during FeCl3 dosing appears great.  When the system is 
not being dosed with FeCl3, reductions are much less.  In 2011, the average SRP 
reduction collected during dosing was 53.7%.  The average SRP reduction of the 
samples when the system was not dosing was 5.4%.  In 2012, with no dosing during the 
entire year, only an average SRP decrease of 7.1% occurred.  See table 4 for summary 
of these results. 
 
Table 4: Sample Results Summary 

 
The results from samples collecting with no dosing are assumed to represent the 
removal efficiencies of the desiltation basin alone.  From this limited dataset, the 
statistics show that the effectiveness of SRP removal in the desiltation basin alone is 
very low.  The dosing of FeCl3 in 2011 increased the effectiveness 10 times.  Many 
more samples will need to be taken to complete a more accurate analysis of the 
system.  Once the system redesign is complete in early 2013, the system is expected to 
be running and dosing again, and the District anticipates collecting samples on a regular 
basis.     
 
In addition, the 2010 analysis identified several factors that lead to reduced 
effectiveness stemming from the current system design. The first being that when 
incoming TP concentrations are below the threshold of 0.075 mg/L the operation of the 
FeCl3 system provides little benefit as indicated by the monitoring data. The data also 
show that early year runoff events typically have better water quality while in wetter 
years, where runoff is sustained through the summer months, incoming TP typically 
increases in concentration. Secondly, it has been shown that for the limited data set of 
flows greater than 70cfs there is an export of phosphorus from the system. This is likely 
caused by flushing of the desiltation basin. Thirdly, reductions in effectiveness are likely 
caused by the presence of rough fish in the desiltation basin which cause resuspension 
of both the floc material and sediment.  
 
This information regarding causes of reduced efficiency of the system has be taken into 
consideration when determining the timing of system dosing, selecting monitoring 
parameters, as well as system design modifications that will help prevent reductions in 
efficiency and provide a greater accuracy in estimating both total and dissolved 
phosphorus removal rates. Specifically, this information was essential in changing the 
monitoring parameters in 2011 to reflect Dissolved Phosphorus efficiencies by 
beginning to monitor SRP. Additionally, during 2011 several possible FeCl3 system 

 
2011  
While 

Dosing 

2011 
No 

Dosing 

2012 
While 

Dosing 

2012 
No 

Dosing 

% TP reduction  14.2% 0.88% N/A 12.4% 

% SRP reduction  53.7% 5.4% N/A 7.1% 

# samples collected  4 5 0 21 
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redesign options were drafted, in conjunction with NPDES permit renewal, and 
recommended changes to increase operational efficiency of the desiltation basin were 
incorporated.  One of the redesign options were chosen in 2012, and will be constructed 
in 2013; the selected design option includes a high-flow bypass of the desiltation basin, 
which should dramatically reduce the problem of scouring and resuspension under high 
flow conditions; see Appendix 3. 
 

Residual Solids Management Report 
 
Investigations of the available volume in the downstream desiltation basin have 
occurred in 2005, 2006 and 2010. According to the 2010 assessment, the pond bottom 
elevation was approximately 906.5 ft and an approximate 12,000 cubic yards of 
accumulated sediment and floc material needed to be removed from the basin in order 
to return it to the designed depth of 902.5 ft. Given the observed sedimentation rates 
and the known decrease in removal efficiency as storage volume is reduced, during 
2011 the District undertook steps to obtain necessary permits and develop plans for 
desiltation basin maintenance and excavation. The project was completed during frozen 
conditions in early 2012. Residual solids removal and disposal occurred in accordance 
with Chapter 4 requirements of the 2004 NPDES permit.   
 

Anticipated 2013 Operations 
 
The original NPDES permit for the FeCl3 system, MN0067377, expired in August 2009. 
A permit renewal application was submitted to the MPCA on January 15, 2009. The 
District received permission from the MPCA to temporarily operate the facility from 2010 
- 2012 under the conditions of the expired permit. The MPCA did not approve another 
extension to the permit in 2013.   
 
MPCA staff notified the District in 2011 that the current design of the FeCl3 system does 
not meet the requirements of the MPCA’s policies and guidance. A design was 
approved in 2012 that would appeal to the MPCA by avoiding discharge of the FeCl 
solution into the stream, which is a class 2 water.  Instead, the new design will include a 
pipe bored horizontally to the desiltation pond located downstream of the FeCl3 facility.  
Since the desiltation pond is considered a stormwater pond and not a natural 
waterbody, the FeCl3 solution may be discharged into the pond for treatment.  This 
design is anticipated to be completed in Spring of 2013.  Normal operations should 
proceed following completion of design.   



 

 

Appendix 1: FeCl3 System and Sampling Site Location 
 

Figure 1: FeCl3 System Location within PLSLWD 

 
  



 

 

Figure 2: FeCl3 Sampling Site Locations 

 

 
 

PLSLWD 
Site Name 

Permit 
Site Name 

STORET 
ID 

Location Information 

CD-1  S003-268 CD-13 at CSAH 13, 0.8mi North of Lydia, MN 

CD-2 or 
Upstream 

SW001 S003-269 
CD-13 at CSAH 13, outlet TMT WL 2.5 mi North of 

Lydia, MN 

 SD001  Flow monitoring immediately downstream of SW001 

CD-2a  S004-549 CD-13 to Spring Lake, 100ft North of site S003-269 

CD-3 or 
Downstream 

SW002 S002-896 Unnamed stream in Sec 8, SE of Spring Lake 



Appendix 2: October 7, 2010 FeCl3 System Evaluation 
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EXECUTIVE SUMMARY 

The Spring Lake Desiltation Pond (Desilt Pond) was originally constructed in 1978 and 
dredged in the fall of 1999.  The Ferric Chloride Injection System (FeCl3 System) was 
constructed in 1998 at the outlet of the Highway 13 Wetland Treatment system located 
upstream of the Desilt Pond.  The FeCl3 System in conjunction with the Desilt Pond are 
designed to reduce the phosphorus loading to Spring Lake.   
 
The Minnesota Pollution Control Agency (MPCA) has indicated that they may not 
reissue the permit for the FeCl3 System based on concerns regarding removal 
effectiveness and Desilt Pond design.  MPCA’s concerns include:  
 

1. Removal efficiencies are uncertain, considering that use of FeCl3 for stormwater 
treatment is uncommon and that in usual wastewater circumstances many 
facilities they have seen do not achieve outflow concentrations below 0.1 mg/L 
total phosphorus (TP) due to the chemistry and physical processes involved.  
MPCA observed that the inflow concentration is often lower than 0.1 mg/L TP; 
therefore using FeCl3 alone at those low concentrations could be ineffective. 

2. The Desilt Pond does not have a high flow bypass. 
3. The Desilt Pond is a Class 2 Water and its use as an effluent treatment system 

does not fit with state rules. 
 
In light of the MPCA concerns and overall cost-benefit questions raised by the District, 
the Board ordered this study to assess the water quality benefit and cost-effectiveness of 
the system based on past monitoring data and the current state of the system. 
 
Can the system efficiently remove phosphorus from the County Ditch 13 drainage 
system? 
 
For the years when the system was in operation and being monitored (1999-2001 and 
2006-2008) the system removed an estimated 1,462 kg (3223 lbs) of phosphorus or 35% 
of TP from the County Ditch 13 system.  Dissolved phosphorus was not monitored; 
therefore a clear distinction between the Desilt Pond settling removal vs. FeCl3 injection 
floc removal of dissolved phosphorus can not be made.  Based on the monitoring data it 
does appear that the treatment system as a whole has the potential to remove significant 
amounts of phosphorus from the County Ditch 13 drainage system; however the system 
does have a few limitations that limit the overall effectiveness. 
 
Monitoring data does confirm MPCA’s statement that when incoming phosphorus 
concentrations are below a certain threshold (0.075 mg/L TP) the injection of FeCl3 
provides little to no benefit.  However, the conclusion that water quality is typically 
below this threshold is not supported by the data.  In the recent years where the sampling 
showed minimal or negative removals the data only included a few data points from early 
year runoff events that typically have better water quality; there was no flow in the 
system in the remainder of these years.  In wetter years, the incoming phosphorus 
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concentration typically increases to over 0.350 mg/L, a concentration at which the system 
provides significant phosphorus removal. 
 
While the data set is limited, the monitoring data for rainfall events resulting in flows 
greater than 70 cfs show an export of phosphorus from the system.  This observation 
supports the MPCA’s recommendation to incorporate a high flow bypass to prevent 
flushing of sediment and floc from the Desilt Pond. 
 
Another limitation to consider is the likelihood of rough fish migration from Spring Lake 
to the Desilt Pond resulting in resuspension of floc and reduced effectiveness of the 
system. 
 
Given the current state of the system what is the associated cost to maintain and 
continue operating the system? 
 
The Desilt Pond has collected sediment and floc over the years and is in need of cleanout.  
A detailed survey was conducted and approximately 12,000 CY of material needs to be 
removed to return the basin to its designed depth.  Design enhancements are 
recommended if continued operation of the FeCl3 System is planned.  These include a 
high-flow bypass and potentially a fish barrier to prevent migration of rough fish from 
Spring Lake to the Desilt Pond. 
 
Potential capital improvement construction costs are estimated at $109,000 for Desilt 
Pond cleanout and $35,000 for incorporation of the high flow bypass.  Ongoing annual 
maintenance costs are estimated at $8,000 per year.  Total costs for construction, 
engineering, maintenance, and operations for a 20-year period are estimated to be 
approximately $475,000.  The estimated cost per pound of phosphorus removed is 
estimated to be $44±/lb P removed. 
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INTRODUCTION 

 
This report is divided into two main sections: 1) Water Quality Evaluation of the Ferric 
Chloride Injection System (FeCl3 System) and the Spring Lake Desiltation Pond (Desilt 
Pond) collectively referred to as the Treatment System, and 2) Desilt Pond Maintenance 
and Design Improvements.  The focus of the Water Quality Evaluation section is to 
assess all of the available monitoring data in an attempt to quantify the phosphorus 
removal efficiency of the Treatment System.  The focus of the Maintenance and Design 
Improvements sections is to look at potential future modifications and maintenance costs 
of the Desilt Pond and to ultimately evaluate the cost/benefit of the System. 
 
The overall purpose of this report is to give the District a comprehensive understanding 
of the Treatment System such that the District can make informed decisions as to the 
continued operations, expenditures, and benefits of the System.  
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WATER QUALITY EVALUATION 
 

 
The FeCl3 System and the Desilt Pond (Treatment System) were evaluated to address 
MPCA’s concern about its effectiveness.  In their review of the request to reissue the 
permit, MPCA commented that they were unsure of the removal efficiencies 
considering that use of FeCl3 for stormwater treatment is uncommon, and that in usual 
wastewater circumstances, many facilities they have seen do not achieve outflow 
concentrations below 0.1 mg/L TP due to the chemistry and physical processes 
involved.  MPCA observed that the inflow concentration is often lower than 0.1 mg/L 
TP; therefore using FeCl3 alone at those low concentrations could be ineffective.  The 
MPCA also commented that because there was no high flow bypass the Desilt Pond 
effectiveness is also limited.  Monitoring data were evaluated to investigate these two 
MPCA concerns and at the same time assess the overall effectiveness of the Treatment 
System. 
 
The last maintenance on the Desilt Pond occurred in 1999, when the basin was 
excavated to a bottom elevation of 902.5 feet.  The Highway 13 Wetland is located 
upstream of the FeCl3 System. While the wetland is not the focus of this analysis, its 
treatment efficiency is referenced in past studies and is included in this discussion. 
 
Monitoring data were collected upstream of the wetland at site CD-1, which is along 
County Ditch-13 at CSAH 13; at site CD-2 upstream of the weir and upstream of the 
ferric chloride injection point; and at site CD-3, at the outlet of the Desilt Pond (Figure 
1).  There were times when the injection system was not functioning; these dates were 
noted and the monitoring data were analyzed separately.  Two fractions of phosphorus 
were measured: 1) total phosphorus (TP), which contains all of the phosphorus in the 
sample (inorganic and organic, particulate and dissolved), and 2) total ortho-phosphate 
(T-ortho-P), which contains inorganic phosphorus in both the dissolved and particulate 
form (inorganic phosphorus can be sorbed to particulate matter).  Dissolved phosphorus 
was not measured.  Data were collected from 1999 through 2009, with the exception of 
2003. 
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Figure 1.  Monitoring site locations 
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Conclusions from previous studies of treatment system performance 
Previous studies have evaluated the performance of the treatment system.  The 
following is a summary of phosphorus removal efficiencies reported in past memoranda 
and reports. 
 
Watershed Restoration Action Strategy for the Second Implementation Phase of the Prior Lake 
Spring Lake Improvement Project, 2000 monitoring results 

• The entire treatment system (including the wetland, the ferric chloride system, and the 
Desilt Pond) provided 40% reductions in dissolved phosphorus* and 47% reductions in 
TP during snowmelt monitoring.   

• During the rest of the year, the system provided 40% reductions in dissolved phosphorus* 
and 11% reductions in total phosphorus.  Most of the pollutant reductions occurred 
between the wetland outlet and the Desilt Pond outlet. 

 
Memorandum dated December 6, 2001 from Paul Nelson to the Board of Managers, regarding 
County Ditch 13 Treatment Performance 

• 34% reduction in ortho-phosphate, 5% reduction of TP during 1999 in the ferric chloride 
and Desilt Pond; based on estimated loads 

• 32% reduction in ortho-phosphate, 25% reduction of TP during 2000 in the ferric 
chloride and Desilt Pond; based on estimated flow weighted average concentration, not 
including snow melt data 

• 18% reduction in ortho-phosphate, 9% increase in TP during 2001 in the ferric chloride 
and Desilt Pond; based on estimated flow-weighted average concentration, not including 
snow melt data 

• High flows led to resuspension of sediment and particulate phosphorus in the system. 
 
Memorandum dated March 18, 2003 from Greg Wilson to Paul Nelson, regarding Final Technical 
Memorandum #1--County Ditch 13 Wetland and Ferric Chloride System Sediment and 
Phosphorus Removal Performance Assessment (attached to this memo) 

• FLUX model used to estimate the flow-weighted mean concentrations and loadings at 
each sampling site for total phosphorus and dissolved phosphorus, 1999-2002 data. 

• 31% reduction in dissolved phosphorus*, 18% reduction in TP in 1999-2002 in the ferric 
chloride and Desilt Pond; based on estimated loads  

• The percentage of the phosphorus that is in the dissolved fraction decreases from CD-1 
(70% dissolved*) to CD-2 (65% dissolved*) to CD-1 (55% dissolved*).  

 
 
Database 
Data were downloaded from the MPCA’s Environmental Data Access (EDA) website 
and checked against data sent to EOR by Watershed District staff.  Data that were not in 
EDA but were provided by the Watershed District were added to the database. 
 
 
                                                 
 
* Reported “dissolved” phosphorus is actually total ortho-phosphate, which includes both dissolved and 
particulate inorganic phosphorus. 
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Performance of ferric chloride treatment system and settling pond at varying 
incoming phosphorus concentrations 
The monitoring data were grouped according to the incoming phosphorus concentration 
(at site CD-2), and the removal efficiencies were examined in these groups.  Data taken 
when the FeCl3 System was not functioning were removed for this analysis.  Records of 
when the system was functioning are available for monitoring years 2005 through 2010; 
therefore this analysis only includes data from those years.  The two groups were 
compared using paired (dependent samples) T-tests; samples were paired based on 
sampling date.  Means are considered to be significantly different from one another 
when the p-value is less than 0.05.  When the means are different from one another, and 
when the CD-3 mean is lower than the CD-2 mean, it suggests that the treatment system 
is working in that the phosphorus concentration coming out of the system is less than 
the phosphorus concentration that enters the system. 
 
The following are conclusions from this analysis: 
 

• The Treatment System (FeCl3 System plus Desilt Pond) is effective at removing 
TP at incoming TP concentrations down to 0.075 mg/L; the mean percent removal 
of these events ranged from 32 to 53% (Table 1). 

• The Treatment System (FeCl3 System plus Desilt Pond) is effective at removing 
total ortho-phosphorus (T-ortho-P) at incoming concentrations down to 
approximately 0.050 mg/L; the mean percent removal of these events ranged from 
57 to 81% (Table 2).  

 
 
Table 1. Comparisons of mean total phosphorus concentrations at CD-2 and CD-3, 2005-
2009 

CD-2 TP CD-3 TP Percent Reduction 
Incoming (CD-2) TP 

Concentration Mean 
Std 
Dev 

Mean 
Std 
Dev 

N 
p-

value Mean Median 

> 0.200 mg/L 0.413 0.105 0.202 0.137 7 < 0.05 53% 65% 

0.100 - 0.200 mg/L 0.131 0.020 0.089 0.038 9 < 0.05 32% 33% 

0.075 - 0.100 mg/L 0.085 0.010 0.056 0.015 6 < 0.05 34% 39% 
0.050 - 0.075 mg/L 0.059 0.011 0.064 0.013 3 0.27 NA NA 

 
Table 2. Comparisons of mean total ortho-phosphorus concentrations at CD-2 and CD-3, 
2005-2009 

CD-2 Total 
Ortho-P 

CD-3 Total 
Ortho-P 

Percent Reduction Incoming (CD-2) 
Total Ortho-P 
Concentration Mean 

Std 
Dev 

Mean 
Std 
Dev 

N 
p-

value 
Mean Median 

> 0.200 mg/L 0.336 0.054 0.063 0.010 5 < 0.05 81% 82%
0.100 - 0.200 mg/L 0.120 0.000 0.092 0.040 2 0.50 NA NA 
0.050 - 0.100 mg/L 0.066 0.015 0.026 0.016 7 < 0.05 57% 64%
< 0.050 mg/L 0.017 0.012 0.011 0.009 9 0.19 NA NA 
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Removal efficiency of Desilt Pond 
Removal efficiencies were examined during times when the FeCl3 System was not 
functioning; these data represent the removal efficiencies of just the Desilt Pond.  
 

• The Desilt Pond was effective at removing TP at incoming TP concentrations 
over 0.5 mg/L; the mean percent removal of the events was 74%.  Below 0.5 
mg/L TP, the sample size was small and the difference in means was not 
significant. 

• The Desilt Pond was effective at removing T-ortho-P at incoming concentrations 
over 0.2 mg/L; the mean percent removal of the events was 79%.  Below 0.2 
mg/L T-ortho-P, the sample size was small and the difference in means was not 
significant. 

 
The percent reductions in phosphorus at times when the FeCl3 System was dosing 
versus when it was not dosing are very similar to one another.  It is unclear via what 
means the phosphorus is being removed when the FeCl3 System is not in operation, but 
it is highly unlikely that that this could be attributed to settling alone.  The Desilt Pond 
is at least an order of magnitude undersized when compared to NURP sizing 
requirements, and TP removal from NURP ponds (if properly designed and maintained) 
is on the order of 50-60% TP removal.  Excess floc is formed during typical operations 
using ferric chloride; therefore, one potential hypothesis is that potential bonding 
locations associated with this excess floc remains available in the Desilt Pond for 
phosphorus to attach even if ferric chloride dosing was not occurring for short periods 
of time.   
 
Table 3. Comparisons of mean total phosphorus concentrations when the ferric chloride 
system was not dosing 

CD-2 TP CD-3 TP % Reduction 
Incoming (CD-2) 

TP Concentration Mean 
Std 
Dev 

Mean 
Std 
Dev 

N
p-

value Mean Median 

> 0.500 mg/L 0.978 0.316 0.244 0.111 5 < 0.05 74% 77%
0.100 - 0.500 mg/L 0.347 0.179 0.180 0.069 3 0.21 37% 42%

 
Table 4. Comparisons of mean total ortho-phosphorus concentrations when the ferric 
chloride system was not dosing 

CD-2 Total 
Ortho-P 

CD-3 Total 
Ortho-P 

% Reduction Incoming (CD-2) 
Total Ortho-P 
Concentration Mean 

Std 
Dev 

Mean 
Std 
Dev 

N
p-

value 
mean median 

0.200 - 0.500 mg/L 0.396 0.101 0.075 0.029 5 < 0.05 79% 85%
< 0.200 mg/L 0.053 0.067 0.043 0.058 3 0.21 32% 16%
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Treatment efficiency relative to flow 
Treatment efficiencies are highly variable at low to medium flows and are generally 
low at high flows (Figure 2).  Although there are very few data points (simply due to 
the infrequency of those events), the data show minimal phosphorus removal for large 
storm events, and, for the two largest runoff events, there was a net export of 
phosphorus from the treatment system.   
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Figure 2.  TP treatment efficiency relative to flow and incoming TP concentration 
 
Trends over time 
MPCA commented that background conditions in the flow to the treatment system are 
frequently below 0.1 mg/L TP.  This observation was likely based on TP annual means 
(Figure 3).  However, the time of year in which the samples were taken varied from 
year to year.  TP concentrations were generally lower in April and May, increased in 
June, July, and August, and decreased in September and October (Figure 4).  Since 
there were no samples taken after May in 2008 and 2009, conclusions can not be drawn 
regarding trends over time if all data are lumped together by year.  When data from 
only April and May are evaluated, there is not a clear decrease in phosphorus 
concentrations over time (Figure 5).  While it appears likely that concentrations in April 
and May often fall below 0.1 mg/L TP, the concentrations are generally higher 
throughout the summer. 
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Figure 3.  Total phosphorus annual means at CD-2 
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Figure 4.  Total phosphorus concentrations at CD-2, averaged by month (all years of data) 
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Figure 5.  Total phosphorus concentrations at CD-2 during April and May 
 
 
Removal efficiency of ferric chloride treatment system and Desilt Pond– load 
analysis 
Annual loads are often determined by evaluating the relationship between flow and 
phosphorus concentrations during monitored events, and then applying this relationship 
to times when flow was gauged but phosphorus concentrations were not directly 
measured.  In the data set from the Treatment System, there was no predictive 
relationship between flow and phosphorus concentrations and therefore concentrations 
during runoff events with no phosphorus data could not be modeled.  Instead, the 
removal efficiency of the Treatment System was estimated using the flow and water 
quality monitoring data for only the years when the data were available.  The annual 
mean monitored phosphorus concentration at each site was multiplied by the annual 
volume to arrive at an annual load.  While a rough approximation, this is the best 
approximation of loading given the data set available. 
 
Total phosphorus load reductions between CD-2 and CD-3 varied from a slight increase 
in phosphorus in 2008 to a 73% removal in 2007 (Table 5).  2008 was unique in that 
there was little precipitation throughout the summer; the only monitoring data available 
are from April and May, when incoming phosphorus concentrations are generally low 
and phosphorus removal is difficult to achieve.  Total ortho-phosphorus removal 
follows a similar pattern (Table 6).  There are no clear changes in percent removal over 
time.  However, this is difficult to evaluate considering that the years on record had 
different runoff patterns and are not fully comparable. 
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Table 5.  Total phosphorus load reductions between monitoring sites 

Mean Monitored 
Concentration (mg/L) 

Annual TP Load 
(kg) 

TP Load Reduction Between 
Stations Year 

CD-1 CD-2 CD-3 CD-1 CD-2 CD-3 CD-1 and CD-2 CD-2 and CD-3
1999 0.357 0.283 0.188 1,802 1,690 1,124 6% 33% 
2000 0.429 0.399 0.313 360 336 264 7% 22% 
2001 0.214 0.179 0.179 746 725 723 3% 0% 
2006 0.315 0.378 0.178 318 391 183 -23% 53% 
2007 * 0.573 0.155 * 855 231 * 73% 
2008 0.081 0.079 0.087 104 105 115 -1% -10% 

*No data. 
 
Table 6. Total ortho-phosphorus load reductions between monitoring sites 

Mean Monitored 
Concentration (mg/L) 

Annual Ortho-P 
Load (kg) 

Total ortho-P Load Reduction 
Between Stations Year 

CD-1 CD-2 CD-3 CD-1 CD-2 CD-3 CD-1 and CD-2 CD-2 and CD-3
1999 0.194 0.144 0.064 981 861 383 12% 56% 
2000 0.272 0.246 0.134 228 207 113 9% 45% 
2001 0.149 0.117 0.087 520 475 351 9% 26% 
2006 0.251 0.236 0.050 253 243 52 4% 79% 
2007 * 0.326 0.058 * 486 87 * 82% 
2008 0.038 0.016 0.019 48 21 25 56% -17% 

*No data. 
 
Conclusions 

• The Treatment System (FeCl3 System plus Desilt Pond) is effective at removing 
TP at incoming TP concentrations down to 0.075 mg/L (Table 1).  

• The percent reductions in phosphorus at times when the FeCl3 System was dosing 
versus when it was not dosing are very similar to one another.  It is unclear via 
what means the phosphorus is being removed when the FeCl3 System is not in 
operation, but it is highly unlikely that that this could be attributed to settling 
alone. 

• The data do not support a previous observation that the phosphorus concentration 
entering the treatment system has been declining over time. 

• Neither of the phosphorus parameters measured, total phosphorus or total ortho-
phosphate, provide an estimate of just dissolved phosphorus.  The efficiency of 
the system to remove dissolved phosphorus can therefore not be evaluated with 
the existing monitoring data. 

• Monitoring during the two largest storm events shows a net export of phosphorus. 
 
 
Our interpretation of the monitoring data differs from previous interpretations, 
especially concerning the evaluation of the total ortho-phosphate data.  In previous 
evaluations, the total ortho-phosphate data were used to evaluate the efficiency of the 
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FeCl3 System in treating dissolved phosphorus.  However, since total ortho-phosphate 
data refers to a whole water sample (not filtered), it represents the dissolved inorganic 
fraction plus a portion of the inorganic phosphorus in a particulate form (the inorganic 
phosphorus that is part of the total ortho-phosphate is not well defined; it likely 
constitutes phosphorus loosely bound to sediment and phosphorus that is bound to iron 
hydroxides in floc).  The Treatment System does however provide significant annual 
TP removals and it is unlikely that the Desilt Pond alone is capable of removing TP at 
the levels monitored. 
 
 
Recommendations 
The data do not provide a clear understanding of treatment efficiency of the FeCl3 
System alone due to a lack of data on the dissolved fraction of phosphorus and low 
sample sizes.  If operation of the FeCl3 System is to continue, a monitoring program 
should be developed to determine the effectiveness of the FeCl3 System to remove 
dissolved phosphorus. 
 
At a minimum, any future monitoring should include the following: 
 

• Sampling at CD-2 and CD-3 when the FeCl3 System is on and when it is off; 
these samples should be distributed throughout the entire monitoring season. 

• The following fractions of phosphorus should be measured:  total phosphorus, 
total dissolved phosphorus (TDP), and soluble reactive phosphorus (SRP, a 
measure of dissolved ortho-phosphorus, which is dissolved inorganic 
phosphorus). 
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DESILT POND MAINTENANCE AND DESIGN IMPROVEMENTS 

 
The Desilt Pond provides the settling location for the floc generated upstream at the 
FeCl3 System.  The floc and sediment have filled the Desilt Pond over time and it is in 
need of clean-out in order to maintain the dead storage and corresponding treatment 
efficiency of the pond.  As discussed in the water quality evaluation, the pond 
experiences export of phosphorus during high flow events and a high flow bypass is 
recommended if operation of the FeCl3 System is to continue. 
 
Desilt Pond maintenance 
The Desilt Pond was constructed in 1978 with a bottom elevation of 902.5 and an outlet 
elevation of 910.3.  When surveyed in 1998 the bottom was 907.8.  Maintenance by the 
District in 1999 returned the pond back to the original bottom elevation of 902.5.  In 2005 
the pond bottom elevation was 904.5 and based on the estimated rate of accumulation the 
pond bottom will reach 908.0± around the year 2012.  Sediment and floc have continued 
to fill the pond and the average bottom elevation near the center of the pond is now 
approximately 906.5.   
 
As storage volume is reduced the detention time for settling of floc and sediment is 
reduced and pollutant removal efficiency of the Desilt Pond decreases.  The 2010 survey 
indicated that the pond has filled an additional 2± feet since the last survey, and 
maintenance excavation in the fall of 2011 was recommended if the District intends to 
continue operation of the Treatment System.  Approximately 12,000 CY of material 
needs to be removed from the Desilt Pond to return it to the original bottom elevation of 
902.5.  A preliminary cost estimate for clean out is included in Table 7 and a draft 
grading plan is included in Figure 6. 
 
Table 7.  Preliminary cost estimate for Desilt Basin clean-out 

Line 
No. 

Base Bid Item Units Quantity 
Unit 
Cost 

Cost 

1 Mobilization Lump 1 5,000  $   5,000 
2 Common Excavation & Disposal* CY  11,771 8  $ 94,168 
3 Construction Fencing LF  1000 1  $   1,000 
4 Access Restoration Lump 1 3,000  $   3,000 
5 Rock Construction Entrance Each  1 2,500  $   2,500 
6 Haul Route Signage and Maintenance  Lump 1 3,000  $   3,000 

  Total        $108,668 
*Excavation and disposal cost could be highly variable depending on contaminant testing and if 
there is a local site were the material could be reused. 
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Figure 6.  Draft Desilt Pond Grading Plan 
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High Flow Bypass 
A high flow bypass for the Desilt Pond was recommended by the MPCA to prevent 
flushing of sediments and nutrients from the Desilt Pond under high flow rates.  Based on 
monitoring and design criteria for flocculation, installation of a high flow bypass would 
reduce the potential for floc to be transported downstream to Spring Lake.  Preliminary 
design for the bypass takes into account three main factors (discussed in further detail 
below): 
 

1. Hydrology 
2. Settling time (necessary for flocculation of FeCl3) 
3. Design hydraulics 

 
 
Hydrology  
To evaluate different scenarios, the existing district-wide XP-SWMM model was used.     
This model was updated with survey data collected as part of this project near the FeCl3 
treatment system, and model detail was explicitly added to define: 
 

• Storage in the Highway 13 wetland 
• Storage in the Desilt Pond 
• 4 natural cross sections between the Highway 13 weir and the Desilt Pond 
• The Highway 13 culvert  
• The Highway 13 wetland weir 
• The proposed bypass channel 

 
To verify the model’s accuracy, the flow rates from design storms (Figure 7) were 
compared to large events at Jordan and Shakopee rainfall gauges and monitored flow.  
This approach was limited by the lack of nearby rainfall data but showed that, for smaller 
events, the model produces reasonable results.  Several storms were run to assess 
potential flow rates and return frequencies.  Figure 7 illustrates the modeled flow rates for 
the 1, 2, 5, 10, 25, 50 and 100 year storms.   
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Figure 7.  Design storm hydrographs between Highway 13 and the Desilt Pond 
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Settling time 
The settling velocity for floc from chemical coagulation ranges from 2 to 6 ft/hr, and 
recommended minimum detention periods are generally between 2 and 8 hours (Clark et 
al. 1971).  Figure 8 shows the Desilt Pond detention time versus flow rate based on the 
draft grading plan volumes and pond geometry.  Based on this relationship, the maximum 
allowable flow rate through the Desilt Pond is 70 cfs to achieve 2 hours of detention time 
and 18 cfs to achieve 8 hours of detention time. 
 
Figure 8.  Desilt Pond detention time, draft grading plan 09/10/2010 
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Design hydraulics 
Under the ideal design, a certain amount of flow would be directed to the Desilt Pond, 
after which any flows greater than the design would be diverted around the pond.  
Without complex adjustable valves and a very active operation it is not feasible to simply 
cut flow off at an exact flow rate; however, the design can be optimized to maximize 
treatment while minimizing resuspension of floc and sediments.  Based on numerous 
modeling runs and testing various configurations a preliminary concept design was 
reached (Figure 9). 
 
Figure 9.  Proposed culvert and high-flow bypass configuration 
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The preliminary concept design includes: 
 

• An earthen berm would be located at the existing inlet at the southeast corner of 
the Desilt Pond.  An 80-foot long, 36-inch diameter reinforced concrete pipe 
(RCP) for conveyance of all flows up to approximately 30 cfs to the Desilt Pond.  
The pipe invert elevation would be set at 909.5± on the upstream side and the pipe 
slope would be 0.625%. 

• A 35-ft wide weir would span the channel that runs east of the Desilt Pond and 
would serve as the Desilt Pond bypass.  This weir would be set at 911.65, the 
elevation at which the 36-inch RCP passes approximately 30 cfs. 

 
The 36-inch RCP would convey all flows to the Desilt Pondup to approximately 30 cfs, at 
which point the bypass weir would start to be used.  Once the bypass is overtopped the 
flow would be split and for large storms the majority of additional flows would be 
diverted around the Desilt Pond via the weir (Table 8).  A preliminary estimated cost to 
construct the high flow bypass system is $35,000.   
 
Table 8.  Pipe flow and weir flow corresponding to water elevations just upstream of the 
Desilt Basin, preliminary design configuration 

Elevation 
(ft) 

Pipe Flow 
(cfs) 

Weir Flow 
(cfs) 

Total Flow 
(cfs) 

Notes 

910.8 - - - Desilt Pond outlet elevation is 910.82' 
910.9 9 - 9 Peak 1-year storm is 7 CFS 
911.4 24 - 24 Peak 2-year storm is 22 CFS 
911.5 26 - 26   
911.6 31 - 31   
911.7 34 2 36 High-flow bypass weir is set to 911.65'
911.8 37 7 44   
911.9 41 13 54   
912.0 45 24 69 Peak 5-year storm is 75 CFS 
912.4 59 75 134 Peak 10-year storm is 137 CFS 
912.8 72 142 214 Peak 25-year storm is 214 CFS 
913.1 81 200 281 Highway 13 weir elevation at 913.15’ 
913.2 83 221 304 Peak 50-year storm is 293 CFS 
913.5 89 290 380 Peak 100-year storm is 371 CFS. 
913.6 91 309 400   

 
 
Backwater conditions from Spring Lake occasionally impact the Desilt Pond under 
existing and proposed conditions (Figure 10).  When high tail water conditions exist the 
high flow bypass may not fully function as intended (i.e. if the elevation of Spring Lake 
is higher than the bypass weir low flows would likely flow through the channel as 
opposed to being routed through the Desilt Pond).  In cases where flow is using the 
bypass weir it would be recommended that the FeCl3 System not be operated in order to 
prevent floc from being discharged downstream into Spring Lake. 
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Figure 10. Spring Lake historic elevations 
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Fish Barrier 
The Highway 13 Wetland Treatment System has a fish barrier to prevent migration of 
fish upstream into the wetland; however the Desilt Pond, which is just downstream of the 
Highway 13 wetland, does not have a fish barrier.  It is likely that rough fish migrate 
from Spring Lake to the Desilt Pond resulting in resuspension of floc and reducing the 
effectiveness of the system.  A fish barrier limiting fish migration into the Desilt Pond 
could be considered as an additional enhancement. 
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Cost/Benefit 
Continued operation of the FeCl3 System represents a sizable expenditure for the District.  
In order to look at the cost/benefit of the system a simple assessment of forecasted 
expenditures over a 20-year period is itemized in Table 9. 
 
Table 9.  20-year forecasted expenditures 

Line No. Description Cost* Frequency  20-year Cost* 

1 Desilt Pond clean out** $135,860 every 10± years $271,720
2 High-flow bypass** $43,750 1 time installation cost $43,750
3 MPCA permit fees $350 annually $7,000
4 Misc. Repairs $500 annually $10,000
5 Monitoring $3,500 annually $70,000
6 Ferric chloride $3,500 annually $70,000
7 Electricity  $120 annually $2,400
                           Total $474,870

 *2010 dollars 
**25% has been added to the construction costs to account for engineering design, permitting & 
construction observation expenses 
 
Over the 6 years analyzed in the water quality assessment section of this report an 
average of 244 kg (538 lbs) of phosphorus was removed annually.  The 20-year cost of 
$474,870 as summarized above represents an average annual cost of $23,744.  Dividing 
the average annual cost by the average annual pounds of phosphorus removed results in a 
cost per pound of phosphorus removed of $44±/lb P removed.   
 
It should be noted that this the cost per pound of phosphorus removed calculation 
assumes that system is in operation every year; however, historically the system has not 
been in operation every year due to lack of flows through the system during dry years.  
 
Recommendations 
 
If operation of the FeCl3 System is to continue, the following actions are recommended: 
 

• Desilt Pond Maintenance Excavation final design, permitting and construction 
• High Flow Bypass final design and construction 
• Consideration and assessment of fish barrier options at the outlet of the Desilt 

Pond 
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