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Executive Summary 
This study evaluated options for addressing increasing manganese concentrations at Well 2 in the Village 
of Kronenwetter water system. 

Following are key findings: 

 No significant biological activity was found in and around the well that may be contributing to the 
increasing manganese concentrations at the well. 

 Manganese and iron concentrations remained consistent during the 48 hours of continuous 
pumping of Well 2 indicating that the source of manganese is likely in the aquifer and not at or 
near the well screen. 

 Well rehabilitation methods such as shock chlorination or other chemical methods would not be 
effective in reducing manganese and iron concentrations at Well 2. 

 Feasible options for addressing manganese and iron include: 

o Construct a new well that may have lower concentrations of manganese and iron. 

o Continue feeding polyphosphates, and try other polyphosphate brands and feed rates 
that may be more effective in controlling the manganese and iron. 

o Construct a water treatment plant to remove manganese and iron. 

 The cost of constructing a new well is similar to the cost of constructing a treatment plant, and 
there is risk that a new well could start out with low manganese concentrations, but the 
manganese concentrations could increase with time, similar to Well 2. 

 Construction of a water treatment plant would be the most reliable option for addressing 
manganese and iron water quality issues, but it is expensive. 

 The least expensive option is to continue with feeding polyphosphates and experiment with other 
polyphosphate brands and feed rates to improve treatment performance. 

 Continuing with feeding polyphosphates is recommended at this time. In conjunction with this 
option consider additional water main flushing or unidirectional flushing to remove deposits from 
the system and reduce water quality complaints. 

 Results from jar testing of sequestering agents indicates that injecting higher concentrations of 
the polyphosphate currently being used or using polyphosphates from other manufacturers may 
be more effective in controlling iron and manganese related water quality issues. 

 The Village should consider modifying the well discharge piping at Well 2 to improve mixing of 
polyphosphate chemical with the water before the chlorine is injected. 

 The Village should continue monitoring trends in manganese and iron concentrations at Well 2 
and start planning for constructing water treatment facilities if the total of iron and manganese 
concentrations start approaching 1 mg/L, or sooner if water quality complaints increase. 

Introduction 
Kronenwetter began providing municipal water to customers in 1996, when two screened wells were 
constructed. The well construction logs on file with Wisconsin Department of Natural Resources (WDNR) 
show Well 1 has a depth of 90 feet and Well 2 has a depth of 81 feet.  The wells are approximately 500 
feet apart. Water from Well 1 has remained consistently in compliance with primary and secondary 
drinking water standards.  Water from Well 2 has deteriorated over time, primarily with manganese 
concentrations that exceed the secondary maximum contaminant level (SMCL) for drinking water of 0.05 
mg/L.  The current manganese concentrations in Well 2 water is 0.21 mg/L.  Iron concentrations in the 
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water have also been increasing and are currently just above the SMCL for the drinking water of 
0.30 mg/L, at 0.32 mg/L. 

Iron and manganese are naturally occurring minerals commonly found in Wisconsin groundwater.  The 
presence of these constituents at concentrations commonly found in groundwater is not known to be a 
health concern but they can create aesthetic problems such as water discoloration, odors, and staining of 
laundry and plumbing fixtures.  Generally red stains are an indication of high iron and black stains are an 
indication of high manganese. 

The United States Environmental Protection Agency (USEPA) has not regulated manganese based on 
health concerns, but it has issued a lifetime health advisory for concentrations of 0.3 mg/L and higher 
(USEPA, 2004). The advisory was based on potential neurological impacts and not based on 
carcinogenic impacts. 

A common method to address manganese aesthetic issues includes sequestering the manganese by 
adding polyphosphate.  Sequestering is intended to keep the manganese in solution and prevent it from 
causing the staining and other aesthetic issues. Sequestering is usually more effective when lower 
concentrations of manganese are present.   A common method for removing manganese from drinking 
water is by oxidation and filtration.  Sequestering is less expensive than filtration. 

The Village began adding polyphosphate at Well 2 in 2006 to sequester manganese.  More recently 
manganese concentrations have been increasing at Well 2, and customer complaints about water quality 
have increased.  Water quality complaints primarily are related to staining of fixtures and laundry. 

This study includes evaluation of options for addressing the increasing manganese concentrations at 
Well 2. 

Wells 1 and 2 Original Construction and Performance Data 
Data from the original well construction and performance data is summarized in Table 1. 

Table 1 – Well Data 

 Well 1 Well 2 

Year Constructed 1996 1996 

Wisconsin Unique Well Number LI607 KO361 

Total depth (ft) 90 81 

Depth to top of well screen (ft) 60 55 

Pump Test Data - 1996   

Static water level (ft) 12 16 

Pumping water level (ft) 57 53 

Drawdown (ft) 45 37 

Pumping rate (gpm) 900 550 

Specific capacity (gpm/ft drawdown) 20.0 14.9 

 

Records indicate that identical pumps were originally installed in Wells 1 and 2. They were Goulds Model 
11CHC pumps with a design point of 750 gpm at a total dynamic head of 220 feet.  

Iron and Manganese Concentrations in Wells 1 and 2 
Historical water quality data for both wells was collected and summarized as shown on Figures 1 and 2.  
Well 1 manganese concentrations have remained below the secondary drinking water standard of 0.05 
mg/L. Well 2 manganese concentrations have increased substantially from the low concentrations when 
the wells were first constructed. Well 2 iron concentrations have also increased substantially. 
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Static and Pumping Water Levels in Wells 1 and 2 
Changes in static water levels in wells can be an indication of the conditions of the aquifer.  Declines in 
static water level could be an indication of excessive water being pumped from the aquifer.  Declines in 
pumping water level can be an indication of a decline in well efficiency and could indicate well screen 
plugging. 

Data was collected regarding static and pumping water levels in both Well 1 and Well 2 to assist in 
evaluating trends.  Static and pumping water levels from January and July of each year since the wells 
were placed in operation are summarized in Figure 3 and 4.  The data was obtained from the Village’s 
monthly reports to WDNR. 

As shown on Figure 3, the static and pumping levels at Well 1 have had some minor fluctuations over the 
years of operation. However, there are no significant increasing or decreasing trends in the water levels.  
This is an indication that the well is performing as intended, the aquifer is able to support the water being 
pumped from the well, and there are no indications of plugging of the well screen. 

As shown on Figure 4, there appears to be a slight decreasing trend in pumping level at Well 2. 

It should be noted that the pumping rate from Well 2 has not been continuous.  It is believed that the well 
pump was throttled back to avoid allowing the pumping water level to drop below the top of the well 
screen.  If Well 2 was pumped at 750 gpm, based on the specific capacity in Table 1, the pumping level 
would be at a depth of 66 feet, or 11 feet below the top of the well screen. Data was not available that 
provided pumping rates for the pumping water levels in Figures 3 and 4.  

The data indicates there have been no significant changes to the pumping conditions that may have 
affected the water quality. 

Condition of Wells 1 and 2 
The condition of a well screen can provide useful information in evaluating well performance and water 
quality issues. 

As part of routine preventive maintenance practices, the well pumps were pulled and inspected, and the 
wells were televised.  Well 1 was rehabilitated in 2009 and Well 2 was rehabilitated in 2010.   

Both wells were televised before and after rehabilitation. The Well 1 screen had very little accumulation of 
material on the well screen. The video for Well 2 showed an accumulation of black material on a segment 
of the well screen circumference over the length of the well screen.  The video after cleaning showed the 
black material had been removed.  The black material was likely deposits of manganese. 

A review of records from the Well 2 rehabilitation project shows the work completed by Municipal Well 
and Pump in 2010 included removing the pump, inspecting it, repairing worn parts, rebuilding the bowl 
assembly, trimming the impellers and using their patented Airburst system for cleaning the well screen 
and surrounding gravel pack. The pump setting was also lowered 5 feet to provide additional 
submergence. 

The rehabilitation records indicate the well pump impellers were trimmed to eliminate the need to throttle 
the pump with the discharge valve. The original impeller diameter was 8.12 inches. Records from the 
2010 modifications indicate the impellers were trimmed to 7.6-inch diameter and the new design point for 
the pump is 650 gpm at 195 feet of total dynamic head. 

Water Quality during Extended Pumping 
Trends in water quality with continuous pumping can provide an indication of a source of water quality 
issues.  If the source of the water quality issue is at the well screen, there may be an initial slug of poor 
water quality and the quality may improve with a longer pumping period.  If the source is further out in the 
aquifer, the water quality should be consistent throughout the extended pumping period. 
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Well 2 was pumped continuously for 48 hours in November 2013. Water samples were collected and 
analyzed during the testing period including soon after startup, after 24 hours operation and after 48 
hours operation. 

The samples were sent to a certified laboratory and analyzed for heterotrophic plate count, iron bacteria, 
iron, and manganese.  Lab results are summarized on Table 2.  Copies of the lab reports are in the 
Appendix. 

Table 2 – Well 2 Laboratory Results from 48 hour Pumping Operation 

    

Parameter Concentration after 

Pump Startup 

Concentration after 24 

Hours 

Concentration after 48 

Hours 

Standard Plate Count 
(CFU/mL) 

Not Detected Not Detected Not Detected 

Iron Related Bacteria 
(CFU/mL) 

Less than 10 Less than 10 Less than 10 

Iron (mg/L) 0.33 0.32 0.32 

Manganese (mg/L) 0.210 0.210 0.210 

 

In addition to the lab samples, field samples were taken and analyzed using a Hach DR900 Analyzer.  
Results of the field tests and other data collected are presented in Table 3.  The pumping rate during the 
48 hour period was approximately 675 gpm. 

 

Table 3 – Well 2 Field Test Data – November 2013 

Time Elapsed 

(hours) 
0 1 24 48 

Iron (mg/L)  0.33  0.33  0.33  0.32 

Manganese (mg/L)  0.244  0.263  0.245  0.2395 

Pumping Water 
Level (ft) 

48.2  53  53.5  53.6 

pH  7.8  7  7.25  7.15 

Alkalinity (mg/L)  150  240  120  120 

Hardness (mg/L)  180  120  120  120 

Water Appearance 
Light tan 
tinge 

Lighter 
tinge 

Clear  Clear 

 

There are no regulatory standards for heterotrophic plate count or iron related bacteria.  The parameters 
were selected for testing as indicators that there may be biological activity in the well. However, the data 
shows no significant biological activity present and it is unlikely that biological activity is contributing to the 
manganese concentrations in water from Well 2.   

The data also shows that iron and manganese concentrations remained continuous during the 48 hour 
pumping period.  Based on these results, it is believed that the manganese is coming from the aquifer 
and not from biological activity in the vicinity of the well screen.  Therefore additional well rehabilitation 
would not likely be effective in reducing the Well 2 manganese concentrations. 
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Observations made during the testing period indicate that the water was discolored at startup and cleared 
with more pumping.  This could be an indication of oxidation occurring in or near the well when a small 
amount of water flows backward into the well when the pump shuts off.  Sequestering with polyphosphate 
would not remove this discoloration. 

Distribution System Water Quality 
The water quality complaints are primarily from areas near the wells, in the older parts of the distribution 
system, and in areas on the west side of Interstate 39.  The Kronenwetter distribution system is flushed 
annually and additional flushing is conducted when water quality complaints are received.  Figure 5 is a 
photo of a recent cutout section of water main from the Kronenwetter Water System near the well sites.  
The cutout is from a service tap installation.  It shows some of the accumulation of manganese in the 
distribution system. 

 

Figure 5 – Photograph of Water Main Interior 

Phosphate Issues 
Most of the water that enters the Kronenwetter distribution system eventually discharges to the Village’s 
sanitary sewer system.  The sanitary sewer system is connected to Rib Mountain Sewerage District’s 
regional wastewater treatment plant (WWTP), which treats wastewater from the Rib Mountain Sanitary 
District, Village of Weston, Village of Rothschild, and Village of Kronenwetter.  The WWTP discharges to 
the Wisconsin River.  
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One of the regulated constituents in the wastewater discharge is phosphorus.  Many Wisconsin surface 
waters have been experiencing increased biological growth which reduces oxygen levels in the surface 
water and results in reduced fish population, and in some cases fish kills. Phosphorus contributes to the 
biological growth.   

To combat the surface water quality issues, WDNR is reducing the phosphorus concentrations allowed in 
the discharges from WWTPs. For WWTPs along the Wisconsin River, the discharge limit for phosphorus 
may be reduced from 0.90 mg/L to 0.17 mg/L.  Many of the WWTP owners are evaluating options for 
compliance.  There could be a push to reduce phosphorus entering the regional WWTP at some point in 
the future, which may impact the Village’s use of polyphosphates for sequestering manganese at Well 2.  
However, the polyphosphate at Well 2 contributes a small amount of phosphorus when compared to other 
sources of phosphorus in a typical municipal wastewater system. 

Options for Addressing Manganese in Well Water 
1. Well rehabilitation 
2. Construct a new well to replace Well 2 
3. Continue with sequestering/try other polyphosphates 
4. Construct a water treatment plant for iron and manganese removal for Well 2 

Well Rehabilitation 

Mechanical and chemical methods can be used to rehabilitate wells to improve well performance and 
sometimes improve water quality.  As noted above, Well 2 was rehabilitated in 2010 to remove 
manganese deposits on the well screen, and the rehabilitation did not appear to have any impact on the 
water quality.  If biological activity were detected in the well, other methods such as shock chlorination or 
other chemical additives could be used to reduce biological activity that may contribute to the manganese 
concentrations.  Additional well rehabilitation is not recommended. 

New Well Construction 

It may be possible to construct a new well at a different location that would have lower manganese and 
iron concentrations.  Well 1 quality has remained good. However, there is also risk that manganese and 
iron concentrations in a new well would start low and increase similar to what has happened at Well 2. 

Continue Sequestering Manganese and Iron 

The Kronenwetter water department uses Aquadene®, manufactured by Pristine Water Solutions, as a 
sequestering agent to control precipitation of manganese and iron in the water distribution system.  
Polyphosphates manufactured by other companies may be more effective in controlling precipitation of 
manganese deposits in the distribution system and water customer plumbing.  Jar testing was conducted 
with 3 polyphosphate options. 

If manganese and iron concentrations continue to increase, at some point polyphosphates may no longer 
provide effective treatment. The Wisconsin Administrative Code, in NR 811.56 indicates that 
polyphosphates can be effective with the total of iron and manganese concentration of up to 1 mg/L. The 
current total iron and manganese concentrations at Well 2 are approximately 0.56 mg/L.  Other sources 
indicate that polyphosphate may only be effective in treating water with manganese concentrations up to 
0.3 mg/L (Wisconsin State Laboratory of Hygiene).  The manganese concentration is currently 
approximately 0.24 mg/L. 

Sodium Silicate is an alternative sequestering agent that is effective for sequestering iron.  However, it is 
not effective for sequestering manganese (AWWA Research Foundation 1990).  Therefore, no jar testing 
is recommended for sodium silicate. 

Water Treatment 

Treating water to remove manganese and iron would be the most effective method to address the water 
quality issues.  A treatment plant could be constructed at or near Well 2 to include filtration equipment.  
Filtration equipment with pyrolucite media has been found to be highly successful in removing iron and 
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manganese from water supplies, and the equipment can be operated at relatively high filtration rates to 
keep the equipment size and space requirements to a minimum.  Pilot testing would need to be 
conducted to confirm effectiveness before design and construction of treatment facilities could begin. 

Feasible Options 
Feasible options for addressing manganese include: 

A. New well construction 
B. Continue sequestering 
C. Water Treatment 

Evaluation of Feasible Alternatives 
Advantages and disadvantages of feasible alternatives are summarized on Table 4. 

Table 4 – Summary of Alternatives 

Alternative Advantages Disadvantages Probable Costs 
A.  Construct New Well 

and Pumping Station 
1.  May eliminate the 

need for treatment. 
1.  Possibility that the new 

well may have low iron 
and manganese initially, 
but the concentrations 
may increase similar to 
Well 2. 

Capital costs ‐ 
$700,000 O&M 
costs similar to 
existing costs. 

B.  Continue with 
Sequestering 

1.  Chemical Feed 
equipment is in 
place.  No additional 
capital expenditures 
required. 

1.  Could continue to 
experience water 
quality complaints in 
area where water usage 
is higher. 

2.  May need to increase 
water main flushing 
frequency or start a 
unidirectional flushing 
program. 

Capital costs ‐ $0 
Unidirectional 
Flushing Program 
$50‐$60,000 initial 
cost.  O&M cost for 
unidirectional 
flushing, additional 
4‐5 weeks for 4 
people, plus 
wasted water. 

C.  Water Treatment  1.  Should eliminate 
water quality 
complaints related 
to iron and 
manganese. 

1.  Capital and operating 
costs increase. 

Capital costs 
$600,000‐$800,000 
O&M costs slightly 
higher than 
existing costs for 
plant operation, 
but reduced 
flushing costs. 
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Jar Testing of Sequestering Agents 
Jar testing of three alternative polyphosphate chemicals was conducted to evaluate the effectiveness of 
adding polyphosphates to the water. The following chemicals were evaluated: 

 The existing Pristine Aquadene MP-4130 

 Hydrite Liqui Phos 2000 

 Hawkins Aqua_Hawk LPC-AM 

Additional information regarding, chemical dosages, other chemicals added, and more detailed results 
are summarized in Appendix C. The water samples were evaluated over a multi-day period beginning 
March 24, 2014 and ending April 2, 2014. 

Key findings from the jar testing: 

 The well discharge sample (with existing polyphosphate, chlorine, and fluoride added at normal 
operating conditions) had immediate color and sediment. 

 The control sample (the raw water with only chlorine added) had sediment within 24 hours. 

 The samples with Hydrite and Hawkins polyphosphates added remained clear throughout the 
9-day test period. 

 The sample with Pristine polyphosphate had minimal color noted periodically throughout the test 
and little or no sediment was noted until day 6. 

Conclusions from the jar testing: 

 The existing treatment strategy does not optimize the sequestering agent. The dose of 
polyphosphate may be too low and/or there is inadequate mixing of the polyphosphate in the 
water before the chlorine is added. 

 The samples with Hydrite and Hawkins polyphosphates added sequestered the iron and 
manganese slightly better than the Pristine brand. 

Summary 
Iron and manganese concentrations at Well 2 have increased while the iron and manganese 
concentrations at Well 1 have remained the same since the wells were constructed, even though the 
wells are only 500 feet apart and get their water from the same aquifer.  This is a fairly common 
occurrence in Wisconsin aquifers.  It is likely that the source of iron and manganese is naturally occurring 
within the aquifer and has taken the years of travel time to reach the well.   

There are no additional well rehabilitation methods that may be effective in reducing the iron and 
manganese concentrations in the well water. 

Feasible alternatives include constructing a new well, continuing with sequestering with polyphosphate, or 
constructing a water treatment facility. 
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Interim Improvements 

During the 48-hour testing period in November 2013, discolored water was noted in the Well 2 water 
immediately after startup and the discoloration continued for more than an hour of pumping.  As an 
interim measure, pump to waste facilities could be constructed that allow water from the well to discharge 
to waste for an adjustable period of time after each time the well pump starts up.  This approach may 
assist in reducing some of the water quality complaints, but it would not resolve all manganese related 
water quality issues. 

Adjustments and improvements to the existing sequestering system should be considered including:  

 Increase the polyphosphate dose,  
 Switch to one of the other sequestering agents that were tested 
 Improve mixing of polyphosphate in the water upstream of chlorine injection. 

During the jar testing program, sediment was observed in the sample from water that was being 
discharged into the distribution system.  The first priority should be to eliminate or reduce this sediment 
from entering the distribution system. 

Adjusting the dose of the polyphosphate should be the first step. The jar testing showed the Prisitine 
chemical should be effective in sequestering the iron and manganese. After adjustments have been 
made, take samples from the pump station discharge and observe whether there is sediment. If sediment 
cannot be eliminated with chemical dose adjustments, experiment with ways to improve mixing upstream 
of the chlorine injection point. Optional methods of improving mixing include installing a static mixer, 
installing elbows to change flow direction, partially closing a valve, or other methods that would create 
some turbulence in the pipe line, the flow meter accuracy will be affected during these experiments. If it is 
determined that mixing will improve the discharge water quality, a permanent modification to the 
discharge pipe should be designed. 



Final Report 
Village of Kronenwetter April 2014 

10 

 

Appendix A 
 

References 



Final Report 
Village of Kronenwetter April 2014 

11 

References 

USEPA, Source Drinking Water Health Advisory for Manganese, EPA-822-R-04-033, January 2004 

AWWA Research Foundation, Sequestering Methods of Iron and Manganese Treatment, March 1990 

Wisconsin State Laboratory of Hygiene and Wisconsin Department of Natural Resources, Chemical 
Additions for Water Supply Systems, power point presentation. 



Final Report 
Village of Kronenwetter April 2014 

12 

Appendix B 
 

Laboratory Results 
  









AECOM (St. Point)
Attn: Dennis Saari
200 Indiana Avenue
Stevens Point, WI  54481 2266

Client:

30277NLS Customer:

60311049-Kronenwetter  Project:

209394NLS Project:

WDNR Laboratory ID No. 721026460ANALYTICAL REPORTNORTHERN LAKE SERVICE, INC.
Analytical Laboratory and Environmental Services
400 North Lake Avenue - Crandon, WI 54520
Ph: (715)-478-2777  Fax: (715)-478-3060

12/03/13Printed: Code: WNNN-S

EPA Laboratory ID No. WI00034
WDATCP Laboratory Certification No. 105-330 

Phone:Fax: 715 715 341 8110341 7390

Page 1 of 1

COC: 1311-581:2   Matrix: GW   

COC: 152728   Matrix: GW   

 Bio   NLS ID:  759435    

 Metals   NLS ID:  759693    

Collected: 11/19/13 08:30   Received: 11/20/13

Collected: 11/19/13 08:30   Received: 11/20/13

ND
<10

0.33
210
yes

Result

Result

CFU/mL
CFU/mL

mg/L
ug/L

Units

Units

Standard Plate Count
Iron Related Bacteria

Iron, tot. recoverable as Fe by ICP
Manganese, tot. recoverable as Mn by ICP
Metals digestion - tot. recov.ICP

Parameter

Parameter

1

1
1

Dilution

Dilution

11/20/13
11/20/13

11/26/13
11/26/13
11/22/13

Analyzed     

Analyzed     

2.0*

0.014
1.0

0.044
2.0

268533760
268533760

721026460
721026460
721026460

Lab

Lab

NA
NA

SW846 6010
SW846 6010
SW846 3005M

Method

Method

LOD = Limit of Detection           LOQ = Limit of Quantitation          ND = Not Detected (< LOD)           1000 ug/L = 1 mg/L
DWB = Dry Weight Basis          NA = Not Applicable                    %DWB = (mg/kg DWB) / 10000
MCL = Maximum Contaminant Levels for Drinking Water Samples.  Shaded results indicate >MCL.

Values in brackets represent results greater than or equal to the LOD but less than  the LOQ and are within a region of "Less-Certain Quantitation".  Results greater than or equal to the LOQ are considered
to be in the region of "Certain Quantitation".  LOD and/or LOQ tagged with an asterisk(*) are considered Reporting Limits.  All LOD/LOQs adjusted to reflect dilution.

                                                                  Authorized by:
                                                                   R. T. Krueger
                                                                  President
________________________________  
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COC: 152730:1   Matrix: GW   

 Microbes   NLS ID:  759802    

 Metals   NLS ID:  760169    

Collected: 11/20/13 08:15   Received: 11/21/13

Collected: 11/20/13 08:15   Received: 11/21/13

ND
<10

0.32
210
yes

Result

Result

CFU/mL
CFU/mL

mg/L
ug/L

Units

Units

Standard Plate Count
Iron Related Bacteria

Iron, tot. recoverable as Fe by ICP
Manganese, tot. recoverable as Mn by ICP
Metals digestion - tot. recov.ICP

Parameter

Parameter

1

1
1

Dilution

Dilution

11/21/13
11/21/13

11/29/13
11/29/13
11/27/13

Analyzed     

Analyzed     

2.0*

0.014
1.0

0.044
2.0

268533760
268533760

721026460
721026460
721026460

Lab

Lab

NA
NA

SW846 6010
SW846 6010
SW846 3005M

Method

Method

LOD = Limit of Detection           LOQ = Limit of Quantitation          ND = Not Detected (< LOD)           1000 ug/L = 1 mg/L
DWB = Dry Weight Basis          NA = Not Applicable                    %DWB = (mg/kg DWB) / 10000
MCL = Maximum Contaminant Levels for Drinking Water Samples.  Shaded results indicate >MCL.

Values in brackets represent results greater than or equal to the LOD but less than  the LOQ and are within a region of "Less-Certain Quantitation".  Results greater than or equal to the LOQ are considered
to be in the region of "Certain Quantitation".  LOD and/or LOQ tagged with an asterisk(*) are considered Reporting Limits.  All LOD/LOQs adjusted to reflect dilution.
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COC: 1311-660:2   Matrix: GW   

COC: 152729:1   Matrix: GW   

 Microbes   NLS ID:  760151    

 Metals Day 3   NLS ID:  760439    

Collected: 11/21/13 08:15   Received: 11/22/13

Collected: 11/21/13 08:15   Received: 11/22/13

ND
<10

0.32
210
yes

Result

Result

CFU/mL
CFU/mL

mg/L
ug/L

Units

Units

Standard Plate Count
Iron Related Bacteria

Iron, tot. recoverable as Fe by ICP
Manganese, tot. recoverable as Mn by ICP
Metals digestion - tot. recov.ICP

Parameter

Parameter

1

1
1

Dilution

Dilution

11/22/13
11/22/13

11/29/13
11/29/13
11/27/13

Analyzed     

Analyzed     

2.0*

0.014
1.0

0.044
2.0

268533760
268533760

721026460
721026460
721026460

Lab

Lab

NA
NA

SW846 6010
SW846 6010
SW846 3005M

Method

Method

LOD = Limit of Detection           LOQ = Limit of Quantitation          ND = Not Detected (< LOD)           1000 ug/L = 1 mg/L
DWB = Dry Weight Basis          NA = Not Applicable                    %DWB = (mg/kg DWB) / 10000
MCL = Maximum Contaminant Levels for Drinking Water Samples.  Shaded results indicate >MCL.

Values in brackets represent results greater than or equal to the LOD but less than  the LOQ and are within a region of "Less-Certain Quantitation".  Results greater than or equal to the LOQ are considered
to be in the region of "Certain Quantitation".  LOD and/or LOQ tagged with an asterisk(*) are considered Reporting Limits.  All LOD/LOQs adjusted to reflect dilution.
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                                                                   R. T. Krueger
                                                                  President
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Appendix C 
 

Testing of Sequestering Agents 
 



\ AECOM 

200 Indiana Avenue 

Stevens Point, WI 54481 

www.aecom.com 

715 341 8110 tel 

715 341 7390 fax 

 

Memorandum 

 

The Village of Kronenwetter currently uses polyphosphate manufactured by Pristine Water Solutions 

(Aquadene MP-4130) to control aesthetic issues related to iron and manganese in the water obtained 

from Well 2.  The Village continues to receive water quality complaints.   Jar testing was conducted to 

evaluate whether polyphosphates from other manufacturers may be more effective in controlling 

water quality. 

 

Companies specializing in chemicals to control iron and manganese in drinking water supplies were 

contacted for recommendations on the chemicals and feed rates: 

 

The following chemicals were evaluated: 

 Existing Pristine  Aquadene MP-4130 

 HydriteLiqui Phos 2000 

 Hawkins Aqua-Hawk LPC-AM 

 

On March 24, 2014, water samples were collected at Well 2 as follows: 

 

 Control, Pristine, Hawkins, Hydrite, and Acidified well samples – Raw water collected at the 

tap upstream of chemical addition. 

 Well Discharge – Treated water collected at tap immediately prior to the  pipe leaving the 

building and after all chemical addition. 

 Sink – Treated water collected at the sink in the Well 2 wellhouse. 

 

Chemicals were added to the jar samples as follows: 

 Control – Raw water with chlorine added for 0.97 mg/L residual. 

 Pristine – Raw water with chlorine added for 0.86 mg/L residual and approximately 9 mg/L as  

Pristine sequestering chemical solution (currently used sequestering chemical but assumed 

to be a higher dose rate). 

 Hawkins - Raw water with chlorine added for 0.86 mg/L residual and approximately 3 mg/L 

active Hawkins sequestering chemical 

 Hydrite - Raw water with chlorine added for 0.85 mg/L residual and approximately 3 mg/L 

active Hydrite sequestering chemical 

 Acidified well – Raw water with nitric acid added for a final pH of 2.94. 

 

The sequestering chemicals were added concurrently with the water sample into the sampling 

containers and chlorine was added after the sequestering chemical to mimic Well 2 operations.  

Fluoride was not added to any samples but would already be present in the Well Discharge and Sink 

samples. 

 

 

To  Dennis Saari  Page 1 

Cc 

 
Subject Village of Kronenwetter – Sequestering Testing 

From Angel Gebeau 

Date April 7, 2014  



 

 

Sequestering agents keep iron and manganese bound in the water solution and prevent the iron and 

manganese from settling in the distribution system.  It is important that the sequestering agent is 

added before chlorination as oxidation changes the form of iron and manganese and diminished the 

sequestering agent effect on the water. 

 

After sample collection, the samples were analyzed every day for 9 days to establish the 

effectiveness of the sequestering chemical.  Chlorine analysis was conducted to confirm chlorine 

residual mimicked the residual in the well discharge and control samples.  At day 4, the chlorine 

residual was relatively depleted.  Additional chlorine was added to the samples to stress the samples 

and encourage potential iron and manganese sediment formation and discoloring in sequestered 

water. 

 

Throughout the test filtered and unfiltered iron and manganese tests were conducted.  Unfiltered iron 

and manganese typically indicated all the iron and manganese in the solution.  A filtered sample 

would indicate the iron and manganese in solution that is dissolved in the solution and not oxidized.  

The results show a steady increase in filterable iron and manganese in all samples; however, 

filterable iron and manganese within the sequestered samples did not negatively affect the color or 

result in sediment formation. 

 

Water sampling results were also collected for pH, conductivity, temperature, total dissolved solids 

(TDS), and salinity.  In general, the pH, conductivity, TDS, and salinity remained the same throughout 

the testing.  The temperature changed throughout the testing depending on the water bath or holding 

of the samples.   

 

Finally, daily observations of color and sediment formation were collected to provide visual feedback 

of the sample analysis. 

 

Results 

Some key results: 

 

 Well discharge sample had immediate color and sediment. 

 Control had noted sediment within 24 hours. 

 Hydrite and Hawkins samples remained clear through the 9 day tests. 

 Pristine sample has some small color noted periodically throughout the test; however, it was 

minimal and little to no sediment was noted until Day 6. 

 Chlorine residual was minimal at Day 4 which required additional chlorine to be added. 

 

Additional information is provided on the detailed lab results pages attached. 

 

Conclusions  

 The existing treatment strategy does not optimize the sequestering agent.  Either inadequate 

mixing of the sequestering agent before chlorine addition is causing oxidation of iron or the 

dose for the sequestering agent is too low and does not adequately sequester the iron and 

manganese. 

 

 While the Pristine sequestering sample was adequate for many days, the Hawkins and 

Hydrite samples performed slightly better and would be preferred. 



 

 

 
Recommendation 

 As an interim step, an increased dose of sequestering agent may be added to confirm if there 

is sufficient time and mixing between sequestering addition and chlorine addition to avoid iron 

oxidation. 

 If the phosphate load is acceptable, evaluate continued use of Pristine sequestering agent 

and during the next chemical supply bid evaluate supply of alternative sequestering agents. 



Day 0 – Collected samples, added sequestering chemical and chlorine.   

 

From Left to Right: 

Sequester Chemical – Hydrite – clear no sediment 

Well Discharge at Main – Color noted, sediment at bottom.  More sediment than sample from the sink 

Control – Clear no sediment 

Sequester Chemical – Hawkins – clear no sediment 

Well Discharge – Acidified – clear no sediment 

   



Day 4 – See testing results.  Added more chlorine to low residual samples. 

 

From Left to Right: 

Control – Noted color, sediment is lighter and floating. 

Sequester Chemical – Hawkins – clear no sediment 

Sequester Chemical – Hydrite – clear no sediment 

Well Discharge from Sink – Color noted, sediment at bottom 

Well Discharge at Main – Color noted, sediment at bottom.  More sediment than sample from the sink 

Sequester Chemical – Pristine (9 mg/L as solution dose) – clear no sediment 

   



Day 11 – Most samples out of water.  Last three samples noted 

 

From Left to Right: 

Discharge – Noted color, sediment settling. 

Sequester Chemical – Hydrite – Clear, one or two small black flakes at bottom. 

Sequester Chemical – Hawkins – Clear, one or two small black flakes at bottom. 









          

 

AECOM is a global provider of professional technical and 
management support services to a broad range of 
markets, including transportation, facilities, 
environmental, energy, water and government. With 
approximately 45,000 employees around the world, 
AECOM is a leader in all of the key markets that it 
serves. AECOM provides a blend of global reach, local 
knowledge, innovation and technical excellence in 
delivering solutions that create, enhance and sustain the 
world’s built, natural and social environments. A Fortune 
500 company, AECOM serves clients in more than 150 
countries and has annual revenue in excess of $8.0 billion. 

More information on AECOM and its services can be found 
at www.aecom.com. 
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