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Memorandum 

To:  Gary Brown, Dave Liebl 

From:  Rob Montgomery, Greg Fries 

Date:  October 8, 2012 

Re:  Description of alum stormwater treatment demonstration project at Glenway Pond 

Alum treatment as a potential element in watershed phosphorous control 

 
Aluminum sulfate, Al2(SO4)3, commonly called alum, has been used in the treatment of drinking 
water since Roman times and in the treatment of wastewater for over 100 years.  The addition of 
alum to water results in the production of chemical precipitates which remove pollutants by two 
primary mechanisms:  Removal of suspended solids, algae, phosphorus, heavy metals and bacteria 
occurs primarily by enmeshment and adsorption onto aluminum hydroxide precipitate.  The 
reaction that produces the precipitate occurs rapidly, and is generally complete within one minute 
after the alum is introduced to the water to be treated.  The aluminum hydroxide precipitate 
(Al(OH)3) forms a gelatinous floc that attracts and adsorbs colloidal particles.  As the floc grows it 
traps additional particles, thus clarifying the water column as it settles.  The second removal 
mechanism, which is particularly important in phosphorus control, occurs by removal of dissolved 
phosphorus by formation of insoluble aluminum phosphate (AlPO4) in alum-treated water.   
 
Alum has been used for treating lakes with excessive phosphorus levels since the 1970s, including 
several lakes in Wisconsin.  These treatments are typically conducted as a single whole-lake 
application.  The alum application removes phosphorus from the water column and also controls the 
release of phosphorus from lake bottom sediments by the continuing activity of alum in forming 
insoluble aluminum phosphate.   
 
Initial work evaluating treatment of urban storm water runoff with alum began in the early 1980s.  
Alum treatment has now become an established storm water quality retrofit option, with more than 
25 years of experience.  Initial research, demonstration projects and full-scale applications were 
developed primarily in the Southeast, but more recently several stormwater treatment projects have 
been implemented in Minnesota, Indiana, and other states.  Stormwater runoff treatment with alum 
is typically accomplished using flow-proportional dosing of stormwater outfalls using permanently-
installed equipment.  A large amount of data has now been collected on the water quality and 
ecological impacts of alum treatment systems. Alum treatment of stormwater consistently provides 
removal efficiencies of 85-95% for total phosphorus, >95% for total suspended solids (TSS), 35-70% 
for total nitrogen, 60-90% for metals, and 90->99% for total and fecal coliform bacteria.  A description 
of the development and performance of alum treatment of stormwater runoff, including reference 
citations,  is  provided  with  the  paper  “Current  Research  and  Trends  in  Alum  Treatment  of  
Stormwater  Runoff”,  by  Dr.  Harvey  Harper  of  Environmental  Research  &  Design,  Inc. 
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The potential value of alum treatment of both urban and rural nonpoint source pollution has been 
identified in recent work sponsored by the Clean Lakes Alliance as an option for control of 
phosphorus input to the Yahara chain of lakes in Dane County.  The City of Madison proposes to 
conduct this project evaluating performance of alum treatment of stormwater as part of its overall 
program of researching approaches to improve stormwater quality management.  This project is 
proposed at the Glenway Pond because it has previously been monitored for stormwater inflow and 
outflow water quality, and the physical elements of the monitoring system such as monitoring and 
sampling structures are still in place.  
 
Demonstration project objectives 

 
The City of Madison has identified these objectives for the demonstration and monitoring project: 
 

1. Conduct a one-year (or potentially two-year) stormwater treatment and monitoring project 
to develop locally-derived data on the ability of alum treatment system to reduce 
phosphorus loading from an urban stormwater pond.   

 
2. Draw conclusions regarding logistics, effectiveness and cost of alum treatment as an option 

for urban nonpoint source nutrient load reduction. 
 

3. Identify best next steps -- including possible extended duration of the demonstration project 
-- to further develop policy and technology options for treatment for nutrient loading.   

 
Demonstration project location and description 

 
As introduced above, the proposed location for this urban stormwater alum treatment 
demonstration project is the Glenway Pond, a storm water detention basin receiving runoff from the 
City of Madison, located within the UW Arboretum (see figures).  The 230-acre watershed draining 
to this location is dominated by low and medium-density residential and commercial land use.  
Stormwater runoff enters the pond through an outfall structure located adjacent to the Monroe 
Street right-of-way, and leaves the pond through two concrete pipe outlets that discharge into 
watercourses that drain to Lake Wingra.   
 
The demonstration project would consist of equipment to measure stormwater discharge at the 
storm sewer inlet and outlets and to apply alum treatment for nutrient (primarily phosphorus) 
removal using a flow-proportional dosing system.  Liquid alum will be introduced into the 
stormwater inflow based on flow rate, to produce the  concentration  required  to  generate  the  “floc”  
that binds and removes phosphorus from the water column.  A pH control agent (such as sodium 
aluminate) will also likely to be used to control pH.  The system will treat dissolved and particulate 
phosphorus within the stormwater pond, and the discharge will be sampled for water quality 
parameters at the two outflow pipes.  The alum and pH control agent will be stored in tanks cost 
within a vandal-proof removable shelter near Monroe St.  Monitoring and treatment system data 
will be collected and transmitted using data loggers and telecommunications equipment. 
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The project will be installed by the City of Madison, which will also be responsible for operation, 
data collection, reporting and removal of all equipment at the completion of project.  Conduct of the 
project will be coordinated with University of Wisconsin personnel. 
 
Environmental management 

 
The use of alum for storm water treatment could generate two general concerns regarding 
environmental impact: physical alteration of aquatic habitat due to flock accumulation and chemical 
toxicity.  Both of these issues have been studied extensively over the 30+ years that alum treatment 
for lake and stormwater phosphorus control has been implemented.  Regarding physical alteration, 
alum floc has a density and consistency which is similar to the sediments in urban lakes and 
stormwater detention ponds.  The floc consolidates and becomes incorporated into pond bottom 
sediments over time and does not accumulate as a distinct layer. Studies conducted by 
Environmental Research & Design (ERD) have shown that the addition of alum floc to sediments 
can decrease the toxicity of the sediments, which improves both the density and diversity of benthic 
communities. Virtually every study conducted on the impacts of alum floc on benthic communities 
has shown a positive impact over time. Alum floc is virtually inert and will not release phosphorus 
and heavy metals which are incorporated into the floc under any conditions that would occur in a 
natural lake.  
 
Chemical toxicity concerns relate mainly to the possibility of release of dissolved aluminum (Al+3).  
Dissolved aluminum can be potentially toxic at elevated concentrations. The concentration of 
dissolved aluminum in alum treated water is regulated exclusively by the pH of the treated water. 
As long as the pH of the treated water is maintained in the range of minimum solubility of 5.5 – 8, 
the dissolved aluminum concentration will be lower than concentrations commonly observed in 
drinking water.  ERD has conducted numerous toxicity experiments on alum treated runoff using 
both fish and zooplankton species with no observed toxicity in any test. 
 
Demonstration project work plan and schedule 

 
This project will be conducted by City of Madison personnel, with technical support by 
Montgomery Associates, supported by Dr. Harvey Harper of Environmental Research (ERD) and 
Design, Inc., Belle Isle, Florida.  Dr. Harper invented the concept of chemical treatment of 
stormwater and has designed alum stormwater treatment systems for more than 60 applications. He 
will provide technical guidance and laboratory testing to establish the required alum dose, establish 
system design parameters, and determine floc generation rates. 
 
Stormwater sampling would be conducted in the spring of 2013 and bench scale treatment studies 
using stormwater samples would be undertaken to determine the appropriate alum/buffer dosage 
and required equipment.  A bench scale and demonstration project design report will be issued in 
mid-2013 which will describe bench scale testing results, alum and pH control agent dosing rates, 
dosing equipment, equipment shelters, and projections of cost and effectiveness for the 
demonstration project.  After review and confirmation of direction, instrumentation and dosing 
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equipment would be installed in late summer 2013, with demonstration project operation and data 
collection through November 2014, or if a two-year project duration is selected, through November 
2015. 
 
Project elements to be located within the Arboretum 

 
The entire project will be located within the Arboretum, except for dosing and monitoring 
equipment that will be located in the Monroe Street right-of-way, as shown on the attached Figure.  
Elements of the project will include: 
 

1. Flowmeters and samplers installed at the 2 storm sewer outlets from the basin.  The 
flowmeters and samplers will be powered by batteries, possibly with solar cell backup, and 
cost within prefabricated shelters that will be removed on completion of the project.  Access 
to these flowmeters and samplers is anticipated to be along the existing foot path, with the 
best access anticipated to be from the west, as shown on the attached figure.  Modest 
trimming of brush may be required to provide access to four-wheelers that will be used to 
install the equipment.  Sampling and operation is expected to be conducted primarily by 
personnel on foot. 

 
2. A flow meter and sampler will be installed within the existing shelter building located 

adjacent to the sidewalk on the south side of Monroe Street at the storm sewer discharge 
point.  This shelter building housed equipment that was used for previous storm water 
sampling. 

 
3. The alum and pH control agent will be housed in a prefabricated building that will be 

removed at the conclusion of the project.  It is anticipated that this building will be located in 
open space currently with turf cover immediately west of the storm sewer inflow structure 
and north of the basin. 

 
Potential Site Concerns 

 
 Site disturbance –an approximately 10-foot wide access path along the line of the existing foot 

path will need to be cleared of woody vegetation to allow installation of the prefabricated 
vandal proof enclosures for the discharge flow meters and samplers.  

 Alum floc deposition – The alum will increase the deposition of suspended solids within the 
existing pond.  However, it is unlikely that the expected two-year duration of this project 
will produce a substantial increase in the volume of sediment in the basin.  Monitoring will 
be conducted to characterize the sediment accumulation rate, which can be taken into 
account in discussions of sediment removal should long-term storm water treatment be 
proposed at this location.  Previous research and experience with DNR whole-lake alum 
applications indicates that the alum floc sediment will be unlikely to create aquatic 
environment degradation.   

 Downstream effects – in addition to phosphorus, the alum treatment will reduce 
concentrations of other stormwater pollutants, including solids, bacteria and heavy metals, 
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within the Glenway Pond, so discharge of these pollutants to Lake Wingra will likely 
decrease.  The monitoring program will quantify the effectiveness of the treatment system 
for removal of target pollutants.   

 
Questions 

 
We would be happy to meet with you to discuss the project in more detail and answer questions you 
may have. 
 
_____________________________________________________________________________________________ 

Figure:  Project Layout and Location Plan 
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Figures 

 

 
Photo Source: Bing 

Layout of Glenway Basin Stormwater Alum Treatment Demonstration Project 

 

 

 

 
 

Project Location Plan 

Flow meter and sampler installed in 
existing shelter at sidewalk over 
storm sewer discharge 

Alum and pH control tanks 
installed in prefabricated 
shelter approx. 8' x 20', 
buried tubing installed to 
storm sewer outlet  

Flow meter and samplers in 
approx.  5’  x5’  shelters  at  2  
existing storm sewer outlets 

Access 


