
 
 

 

March 31, 2023 

Compliance Assurance Section 
Division of Water Pollution Control 
Illinois Environmental Protection Agency 
1021 North Grand Avenue East 
P.O. Box 19276 
Springfield, Illinois 62794-9726 

Subject:  Village of Hanover Park STP#1 NPDES Permit No. IL0034479 – Compliance Submittal 
for Special Condition 18.E – Phosphorus Discharge Optimization Plan (PDOP) Annual 
Report 

Dear IEPA Compliance Assurance Section: 

On behalf of the Village of Hanover Park (Village), we are submitting this NPDES Special Condition 
18.E compliance report for the Sewage Treatment Plant (STP) PDOP Annual Report, due by 
March 31, 2023. 

Special Condition 18.E – Phosphorus Discharge Optimization Plan (PDOP) Annual Report 

Special Condition 18.E states that an annual progress report on the optimization of the existing 
treatment facilities shall be submitted by March 31, 2023. The Village has performed a Chemical 
Phosphorus Removal Evaluation to compare three (3) chemicals (coagulants) to be used to achieve 
a 1.0 mg/L monthly average effluent limit by October 1, 2028. The evaluation, which is attached, 
developed a general implementation schedule for the chemical phosphorus removal system.  

Chemical Phosphorus Removal Evaluation Results Summary 

Operating data was compiled and analyzed from January 2020 through August 2022. On average, 

phosphorus influent and effluent concentrations were 7.8 mg/L and 4.8 mg/L respectively. The 

current process achieves some removal biologically; however, the observed biological phosphorus 

removal is not consistent or sufficient to achieve the effluent limit of 1.0mg/L. Therefore, 

phosphorus removal by chemical addition is recommended. 

The evaluation considered aluminum-based metal salts, including alum and poly-aluminum chloride 

(PAC), and lanthanide chloride (FX300). The evaluation looked at dosage requirements and 

chemical costs, chemical sludge production and sludge handling costs, and capital cost for 

implementation of the chemical feed system. 

The evaluation recommends that an alum feed system is installed in a new chemical building and 

comprised of a duplex feed pump skid with a 2,550-gallon chemical storage tank that will provide 

around 30 days of chemical storage. Chemical shall be dosed at either the distribution box upstream 

of the clarifier or at the final ring at the oxidation ditch. Two dosing points are not required but can 

be considered.  
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We trust this submittal satisfies the Special Condition 18.E PDOP Annual Report requirements. Please 
contact me at 815-444-3372 if you have questions. 

Sincerely, 

BAXTER & WOODMAN, INC. 
CONSULTING ENGINEERS 

 
Nichole Schaeffer, P.E., BCEE 
Environmental Department Manager 
 
C: Christian Rebone, Wastewater Treatment Plant Supervisor, Village of Hanover Park (via email) 
    
Enclosures 
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LIST OF DEFINITIONS 

Aerobic  

A condition in which sufficient dissolved oxygen (and other forms of oxygen, such as NO3-Oxygen 
(nitrate) or SO4-Oxygen) is available for use by microorganisms. 

Anaerobic  

A condition in which dissolved oxygen or NO3-Oxygen (nitrate) is not available are used by 
microorganisms. 

Anoxic  

A condition in which dissolved oxygen is not available and other forms of oxygen, such as NO3-
Oxygen or SO4-Oxygen, are used by microorganisms. 

Aerobic digestion 

Microbial decomposition of wastewater sludge in the presence of oxygen. 

Anaerobic digestion 

Microbial decomposition of wastewater sludge in the absence of oxygen 

Biochemical oxygen demand 

Measurement of the oxygen utilized by microorganisms in the stabilization of the organic matter 
present in wastewater. 
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Denitrification 

Anoxic conversion of nitrate to nitrate gas, which is removed from the wastewater. 

Infiltration 

Water other than wastewater that enters a sewage collection system (including sewer service 

connections) from the ground through such sources as defective pipes, pipe joints, connections, or 

manholes.  Infiltration does not include, and is distinguished from, inflow. 

Inflow 

Water other than wastewater that enters a sewage collection system (including sewer service 
connections) from sources such as roof leaders, cellar drains, yard drains, area drains, foundation 
drains, drains from springs and swampy areas, manhole covers, cross connections between storm 
sewers and sanitary sewers, catch basins, cooling towers, storm water, surface runoff, street wash 
waters, or drainage.  Inflow does not include, and is distinguished from, infiltration. 

Nitrification 

Aerobic conversion of ammonia to nitrate by microorganisms. 

Phosphorous Accumulating Organisms (PAOs) 

Specific microorganisms that utilize VFA’s to release soluble phosphorus under anaerobic 
conditions and uptake soluble phosphorus under aerobic conditions.   

Readily biodegradable chemical oxygen demand (rbCOD) 

Portion of chemical oxygen demand that can be easily broken down in volatile fatty acids (VFA’s) 
which support biological phosphorus removal.  

Readily biodegradable chemical oxygen demand (ffCOD or ccCOD) 

Soluble portion of chemical oxygen demand determined after filter sampling.  The particulate 
portion remains on the filter. This soluble portion is quickly and easily assimilated by biomass for 
phosphorus removal. 

Soluble Non-Reactive Phosphorus  

Soluble portion of chemical oxygen demand determined after filter sampling.  The particulate 
portion remains on the filter.  This soluble portion is does not assimilate by biomass for phosphorus 
removal and essentially passes through the STP.  This is portion is important when considering 
very low total phosphorus limits such as 0.1 mg/L.  

Sludge 

Concentrated organic solids produced during wastewater treatment (also termed “biosolids”). 

Suspended solids 

Particulate matter suspended in wastewater. 
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Volatile fatty acids  

Organic substances that select microorganisms (PAO’s specifically) use to release phosphorus 
under anaerobic conditions.  Also utilized in denitrification, thus can create competing demands.   

Volatile suspended solids 

That portion of the suspended solids that is destroyed at temperatures above 550°C and is an 
indicator of the organic fraction of the suspended solids. 
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EXECUTIVE SUMMARY  

The Village of Hanover Park operates a sewage treatment plant (STP) that provides service to the 

DuPage County portion of the Village. This facility is rated for an average flow of 2.42 MGD, and a 

maximum flow of 8.68 MGD.  The Village of Hanover Park STP No. 1 renewed their NPDES Permit 

No. IL0034479 in 2022. Special Condition 18 requires the STP to achieve a 1.0 mg/L monthly 

average effluent limit by October, 2028.  

Operating data was compiled and analyzed from January 2020 through August 2022. On average, 

phosphorus influent and effluent concentrations were 7.8 mg/L and 4.8 mg/L respectively. The 

current process achieves some removal biologically; however, the observed biological phosphorus 

removal is not consistent or sufficient to achieve the effluent limit of 1.0mg/L. Therefore, 

phosphorus removal by chemical addition is proposed. 

The evaluation considered aluminum-based metal salts, including alum and poly-aluminum 

chloride (PAC), and rare-earth products, such as lanthanide chloride (FX300). The evaluation looks 

at dosage requirements and chemical costs, chemical sludge production and sludge handling costs, 

and capital cost for implementation of the chemical feed system. 

Alum is perhaps the most widely used chemical in wastewater treatment plants. It can achieve 

target effluent limits of 1.0 mg/L and lower very efficiently, but becomes limited at effluent limits 

less than 0.1 mg/L. In general, alum requires higher chemical dosages, reflected in the chemical 

feed equipment and storage volume required. It also produces higher chemical sludge volumes 

when compared to other chemicals. However, at roughly a $1.33 per gallon, the lower chemical 

costs can offset the higher sludge handling costs and initial capital costs.   

PAC is a pre-hydrolyzed aluminum-based compound and as such it removes phosphorus in a 

similar manner as alum. The basic nature of PAC can mitigate the effects of chemical addition on 

pH levels. However, its lower molecular weight results in a lower dosage rate than alum while 

using the same molar ratio. Sludge production is also about 20% lower than alum because there is 

less residual aluminum to form sludge. The downside of PAC is that at a cost of $2.76 per gallon, 

more than double the cost for alum.  

Lanthanide chloride and other rare-earth element (REE) blends are highly efficient at removing 

phosphorus, especially at ultra-low levels <0.1 mg/L. The main drawback of the lanthanide 

chlorides is the bulk chemical price – approximately ten times that of alum. Therefore, for the 

target effluent concentration of 1.0 mg/L, lanthanide chloride is simply cost-prohibitive.  

It is recommended that an alum feed system is installed in a new chemical building and comprised 

of a duplex feed pump skid with a 2,550-gallon chemical storage tank that will provide around 30 

days of chemical storage. Chemical shall be dosed at either the distribution box upstream of the 

clarifier or at the final ring at the oxidation ditch. Two dosing points are not required but can be 

considered.  
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1.  PROJECT BACKGROUND AND SCOPE   

1.1 Project Overview 

The Village of Hanover Park operates a wastewater conveyance and treatment facility that 

provides service to the DuPage County portion of the Village’s residents, industries, and 

businesses. The Village of Hanover Park STP No. 1 received their renewed NPDES Permit No. 

IL0034479 with an effective date of May 01, 2022. Special Condition 18 requires an annual 

progress report to be submitted on March 31 of each year and to achieve a 1.0 mg/L monthly 

average effluent limit by October 1, 2028. The purpose of this report is to satisfy the annual 

progress report requirement in the NPDES permit and develop a plan to implement chemical 

phosphorus removal by October 1, 2028. 

1.2 Evaluation Methodology 

Phosphorus removal in wastewater can be achieved by chemical precipitation. Typically, it 

involves the addition of metal salts, such as aluminum sulfate (alum) or polyaluminum chloride 

(PAC), to react with soluble phosphate and form precipitates that are removed by clarification or 

filtration. More recently, technologies using rare earth elements (e.g. Lanthanum and Cerium) have 

emerged with claims of effective removal of phosphorus to very low levels. The addition of these 

chemicals results in the production of chemical sludge in addition to sludge resulting from the 

biological treatment process, which will directly impact the STP’s sludge handling facilities. 

Chemical addition can also impact water quality parameters, such as pH and alkalinity. All of this 

should be taken into consideration in the selection of the recommended chemical. 

The study will evaluate three (3) coagulants: alum, PAC, and lanthanide chloride based on the 

following approach: 

1. Determine the chemical requirements for each alternative to achieve a monthly average 

effluent concentration of 1.0 mg/L by chemical means only. Any potential phosphorus 

removal achieved by enhanced biological phosphorus removal (EBPR) will be disregarded 

for the purposes of the study.  

2. Determine the anticipated chemical sludge produced by the chemical phosphorus removal 

process, and its impact on sludge hauling costs. 

3. Develop an Engineer’s Opinion of Probable Cost (EOPC) for the implementation of a 

chemical phosphorus removal system for each alternative. Annual operation and 

maintenance (O&M) costs will be documented for each alternative.  
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1.3 Current Regulations 

The current Illinois Environmental Protection Agency (IEPA) NPDES permit No. IL0034479 is 

effective for a period of five years, until April 30, 2027. The current permit has requirements for 

monitoring effluent nutrient loadings, meeting a monthly total phosphorus limit of 1 mg/L. The 

current NPDES permit effluent limits for flows up to a Design Maximum Flow (DMF) of 8.68 MGD 

are shown in Table 1, and a copy of the NPDES permit is provided in Appendix A.   

A limit of 1.0 mg/L of effluent total phosphorus will become effective by October 2028 since 

chemical phosphorus removal will be utilized.   

TABLE 1 

NPDES Permit No. IL0034479 STP Monitoring Frequency and Effluent Limits 
 

Parameter 

Concentration Limits (mg/L) 

Monthly Average Weekly Average Daily Maximum 

CBOD5 10  20 
TSS 12  24 
pH Shall be in the range of 6 to 9 Standard Units 
Fecal Coliform Monthly geometric mean < 200 units per 100 mL (May -Oct) 

Chlorine Residual   0.038 

Ammonia Nitrogen    
April – October  1.5  3.0 
Nov. – Feb.  4.0  5.0 
March  2.6 6.5 8.0 

Total Phosphorus (as P) Monitor Only* 
Dissolved Phosphorus Monitor Only 
Nitrate/Nitrite Monitor Only 
Total Kjeldahl Nitrogen (TKN) Monitor Only 

Alkalinity  Monitor Only 
Temperature  Monitor Only 
Specific Conductivity  Monitor Only 
Chloride  Monitor Only 
Dissolved Oxygen    

March-July N/A 6.0 5.0 
August-Feb. 5.5 4.0 3.5 

*1.0mg/L monthly average concentration effective in October 2028 (Special Condition 18 F.) 
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2.  EXISTING CONDITIONS  

2.1 General Facility Information 

Hanover Park STP was originally designed and constructed in 1970 and has undergone several 

improvement projects over the years, including consolidation of a second Village STP in 1995.  The 

STP received primarily residential sewage from 20 square miles of service area.  However, the 

Village has a small commercial corridor and two major industrial areas contributing non-

residential flows. Additionally, the STP receives leachate from two different landfills. 

The current treatment units include the following: raw sewage pumping, screening, grit removal, 

activated sludge treatment, secondary clarification, ultraviolet (UV) disinfection, post-aeration, 

and discharge to the West Branch of the DuPage River. The complete treatment process is 

designed for a design average flow (DAF) of 2.42 MGD, and a design maximum flow (DMF) of 8.68 

MGD.  The plant currently receives annual daily flows of 1.3 MGD including mostly residential and 

industrial flows. As a part of the 2017 Phosphorus Discharge Optimization Plan (PDOP), 

phosphorus samples were collected in two main industrial zones. Based on the sampling and site 

investigation performed it does not appear that there are significant sources of phosphorus in 

Hanover Park.  Their current list of permitted industries has remained static for the last 8 years 

and none of these processes discharge high amounts of phosphorus that may create upsets in the 

plant. 

The activated sludge process at the plant is designed to reduce the influent biological oxygen 

demand (BOD) as well as remove ammonia via nitrification. This process occurs in an Orbal® 

three-pass oxidation ditch. The three channels in the Orbal® process are operated in series from 

outer to inner:  The outer channel receives the influent wastewater and RAS, transfers forward 

flow mixed liquor suspended solids (MLSS) to the 2nd ring and finally to the 3rd and inner ring.  

MLSS is discharged to three secondary clarifiers (typically two operating). 

The STP has excess flow facilities consisting of excess flow pumps, a grinder, an excess flow 

clarifier and a first flush tank.  The excess flow facilities are used only when the STP flow exceeds 

8.68 MGD, which is a rare occurrence. 

The sludge treatment process includes aerobic digestion of the waste activated sludge (WAS) and 

underground storage of the digested sludge.  WAS undergoes supernatant removal and in-tank 

thickening in the aerobic digester before being stored in an underground sludge storage tank.  This 

digested sludge is removed quarterly, on average.  The stored sludge further thickens and is 

decanted regularly during the long detention time.  Digested sludge dewatering is performed by a 

3rd party sludge hauler on-site via a portable belt filter press.  Supernatants from the aerobic 

digester, the sludge storage tank, as well as the belt filter press filtrate (when in use) return 

intermittently to the head of the plant.  These recycle flows are not typically measured and 

discharge to the excess flow clarifier. Then are pumped from the scum pit to the head of the plant 

to the influent flume. 
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2.2 Influent Flows and Loadings 

Wastewater flow and operational data was compiled for the period of January 2020 to August 

2022. The data is tabulated in Table B-1 of Appendix B, depicted in Figure 1 through Figure 3.  

Table 2 presents a summary of monthly averages including influent flow, BOD, total suspended 

solids (TSS), total phosphorus (TP), and total nitrogen (TN).  

FIGURE 1 

STP Influent Flow (January 2020 - August 2022) 
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FIGURE 2 

STP Influent Wastewater Quality Parameters (January 2020 - August 2022) 
 

 
 

FIGURE 3 

STP Influent Wastewater Quality Parameters – Nutrients (January 2020 - August 2022)  
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The monthly average flow over this period was 1.31 MGD and the DMF was 5.3 MGD. The average 

BOD and TSS concentration was 155.4 mg/L and 76.5 mg/L respectively. The NH3-N concentration 

was 33.5 mg/L and the average TP influent concentration was 7.8 mg/L.  TP concentrations range 

from 0.2 mg/L to 30 mg/L. 

The facility decants about 0.03 MGD from sludge storage tanks a day and about 0.1 MGD from the 

aerobic digester every 3 days. The facility’s target solids retention time (SRT) is 20 days but can be 

as long as 120 days. The long detention times for waste activated sludge and digested sludge allow 

for the re-release of phosphorus and ammonia in the side streams that are returned to the plant. 

On average, recycle flows from the digester and sludge storage can reach ammonia and 

phosphorus concentrations of up to 198 mg/L and 183 mg/L. Influent sampling for wastewater 

quality parameters is performed downstream of the grit removal process and incorporates 

leachate, side streams, and influent flow. During 2021, observed phosphorus concentrations 

consistently reached 20 – 30 mg/L. This is possibly attributed to the effects of side stream 

concentrations and limitations to haul sludge off-site, which results in extremely long sludge 

storage times and allows secondary release of nutrients. In 2022, influent phosphorus 

concentrations have remained around 3.88 mg/L. 

2.3 Effluent Characteristics 

Figure 4 through Figure 6 show the effluent quality for the period of January 2020 – August 2022. 

The effluent quality data is also tabulated in Table B-2 of Appendix B. As demonstrated in Figure 4, 

BOD and TSS effluent concentrations are consistently met, achieving removal efficiencies of 98% 

and 96% respectively. Ammonia removal occurs somewhat consistently with removal efficiencies 

of 99%. A few violations have been reported in 2020 and more recently in August of 2022. Spikes 

in ammonia may also be caused by high concentrations in side streams from the digesters and 

sludge storage tanks supernatant. Ammonia nitrogen effluent concentrations are shown in Figure 

5. 

Biological Phosphorus removal within the plant occurs, but is erratic. As shown on Figure 6, the TP 

in the effluent measured on a reported monthly basis from January 2020 through August 2022, 

ranged from 1.2 to 30 mg/L, with higher values encountered in 2021 and consistent with the high 

influent concentrations. 
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FIGURE 4 

STP Effluent BOD and TSS Concentrations (January 2020 - August 2022)  
 

 
 

FIGURE 5 

STP Effluent Ammonia-Nitrogen Concentrations (January 2020 - August 2022)  
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FIGURE 6 

STP Effluent Total Phosphorus Concentrations (January 2020 - August 2022) 
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TABLE 2 

Anticipated Phosphorus Load to be Chemically Removed  
 

  
Actual 
Average 

Design Average 

Influent Flow (MGD) 1.31 2.42 
Influent Phosphorus (mg/L) 7.8  7.8  
Influent Phosphorus (lbs/d) 85  157 
Phosphorus uptake (no EBPR) 2.3% 2.3% 
Phosphorus remaining in sludge after digestion 
(lbs/d) 

23  52 

Calculated phosphorus in recycles (lbs/d) 16  34  
Calculated phosphorus in clarifier effluent (lbs/d) 62  106 
Effluent limit (monthly average in mg/L) 1  1 
Effluent limit (monthly average in lbs/d) 10.9 20.2 
Target effluent limit (mg/L) 0.8  0.8 
Target effluent limit (lbs/d) 8.74 16.1 
Phosphorus to be removed chemically (lbs/d) 25.1 88.8 
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3.  CHEMICAL PHOSPHORUS REMOVAL EVALUATION 

There are several factors that can drive the implementation of chemical phosphorus removal, 

including phosphorus recovery objectives, influent phosphorus concentration, and imposed 

effluent phosphorus limits, which applies in this case. The goal is to precipitate dissolved 

phosphorus by adding a metal ion to the wastewater in an effective and operationally simple 

process.  However, an important consideration is that chemical phosphorus removal can be costly 

both in terms of the chemical costs as well as the cost of treating the additional sludge generated. 

Both costs are highly correlated to the chemical selected. 

The most used metals salts are aluminum and iron-based coagulants, such as, aluminum sulfate 

(alum) and ferric chloride (ferric).  Other metals such poly-aluminum chloride, ferric sulfate, or 

rare earth elements (REE) are also utilized but are less common. Iron-based metal salts are not 

recommended in facilities with UV disinfection systems, as iron can interfere with equipment 

performance by staining and occluding UV lamps. For these reasons, iron-based coagulants will 

not be evaluated as a part of this study. The evaluation will look at aluminum-based metal salts, 

including alum and poly-aluminum chloride, and REE products, such as lanthanide chloride. 

Phosphorus, in the form of orthophosphorus (Ortho-P), can be removed from the liquid stream 

through a combination of chemical and physical processes. Chemicals react with Ortho-P to form 

precipitates that can be removed by clarification or filtration. Typically, chemicals are added to the 

mixed liquor at a point just upstream of the secondary clarifiers. Adding chemical after the 

biological process results in the most complete removal of residual phosphorus because it is at this 

point when the most Ortho-P is available to react.  

Introducing chemicals prior to the biological process does not significantly hinder the biological 

process, however it presents some drawbacks relative to the chemical application just upstream of 

the clarifiers. First, the chemical addition at this point of the treatment process would have 

immediate effect on removing Ortho-P, but only the chemical solids built up into the mixed liquor 

suspended solids by the cycling of return activated sludge (RAS) are available to adsorb the 

remaining portion of P that must first be released by biological treatment. Second, chemicals will 

compete for phosphorus that could be consumed naturally by microorganisms resulting in a 

higher overall consumption of chemical. 

Two-point chemical addition can be beneficial for facilities with primary treatment. Since the 

Village of Hanover Park STP does not operate primaries, a single point chemical addition system is 

proposed at the distribution box located upstream of the final clarifiers. The distribution box 

receives the secondary effluent from the oxidation ditch and exerts high turbulence on the flow 

which exposes more active surfaces of the freshly forming chemical solids and increases chemical 

uptake of phosphorus. Good mixing ensures uniform dispersion of metal salts and efficient 

chemical use.  
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3.1 Aluminum Sulfate (Alum)  

Alum is a broadly used chemical for phosphorus removal in wastewater treatment plants. Alum is 

effective at achieving target effluent concentrations in the range of 0.5 - 1.0 mg/L while being a 

widely available and relatively affordable chemical. Alum is moderately corrosive and acidic; it 

may lower pH by consuming alkalinity in the wastewater. The pH value is an important factor for 

efficient phosphorus removal using alum, as the solubility of the resulting precipitates varies with 

pH. In liquid form, alum can be temperature sensitive and must be kept above freezing 

temperatures. Crystallization can occur when alum is stored for extended periods of time. 

Crystallization should be avoided because the chemical is difficult to redissolve, it can plug pipes 

and interfere with equipment performance.  

In general, the addition of a metal ion such as aluminum results in the formation of two 

precipitates: aluminum phosphate and aluminum hydroxide. The removal of phosphate in the 

wastewater will not only occur as it precipitates in the form of aluminum phosphate but as it 

adsorbs to aluminum hydroxide. As previously mentioned, the solubility of these precipitates is 

highly dependent on pH. Phosphorus removal with alum is most efficient in the pH range of 5.0 to 

7.0. 

3.1.1 Alum Requirements and Sludge Production 

Although the theoretical dose of alum required may be calculated on a stoichiometric basis from 

the chemical reactions, the actual chemical dose depends on many other factors and is usually 

much higher. The alkalinity present in the wastewater will strongly compete for the metal ions to 

produce aluminum hydroxides. The competition between hydroxide and phosphate ions for 

available aluminum ions increases the demand, hence increasing the required dose. Due to these 

competing reactions, the dosage is generally established on the basis of bench-scale and full-scale 

testing, and other operating treatment plants data.  

Figure 7 below shows the molar ratio of aluminum (Al) to phosphorus (P) required to achieve 

different target effluent concentrations.  For target concentrations above 2 mg/L a dose of 1.0 mole 

of aluminum per mole of phosphorus may be sufficient. However, to achieve extremely low 

effluent phosphorus limits (<0.1 mg/L), molar ratios of up to 6 may be required, resulting in 

excessive chemical usage and costs.  

For the target effluent limit of 1.0 mg/L a molar ratio in the range of 1.0 to 1.2 seems appropriate. 

However, it is prudent to target a slightly lower target effluent concentration of 0.8 mg/L to ensure 

that the system can handle fluctuations of influent P and system upsets. Therefore, a molar ratio of 

1.5 will be used to determine the alum demand. Table 4 below presents the estimated alum dosage 

requirements and associated chemical costs. The complete basis of design is presented in 

Appendix C. 
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FIGURE 7  

Aluminum to Phosphorus Molar Ratios 
 

 
 

TABLE 3 

Alum Dosage Requirements and Chemical Costs  
 

Parameter 
Actual Average 
(1.31 MGD) 

Design Average 
(2.42 MGD) 

Molar Ratio  1.5 1.5 
Molecular Weight (Alum) 297 g/mol 297 g/mol 
P to be removed chemically 25.1 lbs/day 88.8 lbs/day 
Dose of aluminum required  361 lbs/day 1,276 lbs/day 
Alum Specific gravity at 48.5% w/w solution 1.33 1.33 
Dose of alum required 67 gpd (3 gph) 237 gpd (10 gph) 
Storage requirements:   
                           10-days 671 gal 2,372 gal 
                           30-days 2,013 gal 7,116 gal 
Cost of alum per gallon delivered $1.33 $1.33 
Annual chemical expenses $32,500 $114,700 

 
Chemical addition removes phosphorus in the form of precipitating solids, therefore regardless of 

the chemical selection, an increase in sludge production is anticipated. For the purpose of this 

evaluation, the economic impact of additional sludge production assumes that all additional 

dewatered sludge will be hauled off-site for disposal, without undergoing any dewatering. The 

assumed cost per gallon hauled off-site is $0.06/gallon. As a rule of thumb, it is assumed that 0.44 
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lbs TSS is produced per pound of alum added. Sludge production and estimated annual costs for 

disposal are presented in the table below.  

TABLE 4 

Anticipated Chemical Sludge Produced by the Addition of Alum 
 

Parameter 
Actual Average 
(1.31 MGD) 

Design Average 
(2.42 MGD) 

Sludge production ratio per lbs TSS/lbs alum 0.44  0.44  
Anticipated addition sludge production (lbs/d) 159 561 

@ 2% solids (gpd) 952 3,366 
Average cost per gallon of sludge removed $0.06 $0.06 
Annual cost for removal of additional sludge $20,900 $73,700 

 
On an existing average basis, the total annual operating cost for alum is roughly $53,400 including 

annual chemical expenses and additional chemical sludge removal.   

3.1.2 Recommended Improvements for Implementation 

The proposed chemical phosphorus removal system mainly consists of chemical dosing pumps and 

a chemical storage tank. Based on solution consumption rates calculated above, recommendations 

are based on duplex skid with at least 10 gph capacity pumps. Considering minimum storage 

requirements for 10 days at design average conditions, a 2,550-gal of alum storage volume is 

required. This volume would satisfy a 30-day alum storage volume under actual average 

conditions. Therefore, under existing average conditions, the facility can receive monthly chemical 

deliveries. Existing infrastructure has limited space for the installation of this size tank; therefore, 

the implementation of an alum feed system will necessitate a new building. The building will house 

the equipment and will provide secondary containment for the storage. Table 5 below presents the 

engineer’s opinion of probable cost for the Alum system with 30 days of storage.   

TABLE 5 

EOPC for Alum with 30-Day Storage 
 

Item Amount 

General Conditions $124,000  
Chemical building (18ft x 28ft)  $151,200  
Concrete pad $5,000  
Secondary containment $10,000  
Chemical storage tank (2,550 gal) $11,000  
Feed pump $32,000  
Emergency eyewash/shower $10,000  
Phosphate analyzer, chemical flow 
meters, ultrasonic level 

$58,000  

Equipment installation (35%) $39,000  
Subtotal $440,000  
Chemical piping (10%) $44,000  
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3.1.3 Anticipated Effectiveness and Limitations 

Alum can effectively achieve a 1.0 mg/L target effluent concentration. Its main limitation is linked 

to extremely low target effluent concentration which require exponentially higher molar ratios. 

Alum alone would not be recommended to achieve effluent limits of 0.1 mg/L or below.  

Other important considerations for alum are its sensitivity to temperature, which requires storage 

above freezing temperatures. This limits storage in a temperature-controlled space, most likely 

indoors or alternatively located outside with adequate heat tracing. Additionally, to avoid 

crystallization, it is recommended that storage capacity is limited to 30 to 45 days maximum.  

Lastly, alum is acidic in nature and addition of the chemical will consume available alkalinity, 

further reducing pH. It is recommended that pH is constantly monitored to ensure that pH levels 

are favorable for phosphate precipitation. The pH levels measured at the plant’s range from 7.2 to 

8.3, which are high enough to withstand the effects of alum addition.    

3.2 Polyaluminum Chloride (PAC)  

Polyaluminium chloride (PAC) is a pre-hydrolyzed aluminum compound which is widely used in 

both potable water and wastewater treatment applications because it provides high coagulation 

efficiency. However, the presence of hydroxide ions in PAC gives it a higher basicity. The higher the 

basicity of the coagulant the lower the impact on the effluent pH, which allows PAC to operate at a 

wider pH range. PAC also has a lower aluminum concentration which results in lower chemical 

dosage and lower sludge production. PAC typically produces about 20% less sludge than alum 

because it produces a more compact and dense floc.  

3.2.1 PAC Requirements and Sludge Production 

As an aluminum-based compound, PAC follows a similar coagulation mechanism to Alum. The 

molar ratios shown in Figure 7 apply for both Alum and PAC. Therefore, a molar ratio of 1.5 will be 

used to determine the PAC demand. Table 6 below presents the estimated PAC dosage 

Item Amount 

HVAC (5%) $22,000  
Electrical (10%) $44,000  
Instrumentation (5%) $22,000  
Site work (15%) $66,000  
Subtotal $638,000  
Contractor’s OH&P (15%) $96,000  
Subtotal $734,000  
Contingency (30%) $220,000  
Construction total with 
Contingency 

$954,000  

Design Engineering (7.5%) $71,550  
Construction Engineering (7.5%) $71,550  
Legal & Admin (1%) $9,540  
Total Capital Cost  $1,107,000  
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requirements and associated chemical costs. As shown, despite using the same molar ratio, the 

lower molecular weight of PAC results in a lower dosage. The higher cost at $2.79 per gallon 

delivered results in higher chemical costs when compared to alum. The complete basis of design is 

presented in Appendix D. 

TABLE 6 

PAC Dosage Requirements and Chemical Costs 
 

Parameter 
Actual Average 
(1.31 MGD) 

Design Average 
(2.42 MGD) 

Molar Ratio  1.5 1.5 
Molecular Weight (PAC) 212 g/mol 212 g/mol 
Pounds of P to be removed chemically 25.1 lbs/day 88.8 lbs/day 
Dose of aluminum required  258 lbs/day 911 lbs/day 
Alum Specific gravity at 48.5% w/w solution 1.31 1.31 
Dose of PAC required 52 gpd (2 gph) 185 gpd (8 gph) 
Storage requirements:   
                            10-days (gal) 525 1,853 
                            30-days (gal) 1,574 5,559 
Cost of PAC per gallon delivered $2.79 $2.79 
Annual chemical expenses $53,400 $188,400 
 
In general, PAC produces around 20% less sludge than alum, or 0.35 lbs TSS is produced per 

pound of PAC added. Sludge production and estimated annual costs for disposal are presented in 

Table  7 below. 

TABLE 7 

Anticipated Chemical Sludge Produced by the Addition of PAC  
 

Parameter 
Actual Average 
(1.31 MGD) 

Design Average 
(2.42 MGD) 

Sludge production ratio per lbs TSS/lbs PAC 0.35  0.35  
Anticipated additional sludge production (lbs/d) 91 321 

@ 2% solids (gpd) 544 1,922 
Average cost per gallon of sludge removed $0.06 $0.06 
Annual cost for removal of additional sludge $12,000 $42,100 

 
Total annual operating cost for PAC, based on existing average conditions, is $65,400 including 

annual chemical expenses and additional chemical sludge removal. 

3.2.2 Recommended Improvements for Implementation 

The proposed chemical phosphorus removal system mainly consists of chemical dosing pumps and 

a chemical storage tank. Based on solution consumption rates calculated above, recommendations 

are based on duplex skid with at least 10 gph capacity pumps. Considering a minimum storage 

requirement of 10 days, at least 1,600-gal of PAC storage volume is required. A 30 day storage 
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volume is preferred to reduce chemical deliveries to the site. Considering 30 days of storage, PAC 

would require a 1,600-gal tank to meet requirements on an actual average flow basis. Existing 

facilities have limited space for the installation of this size tank; therefore, the implementation of 

the chemical feed system will necessitate a new building. Table 8 below presents the engineer’s 

opinion of probable cost for the PAC system with 30 days of storage.   

TABLE 8 

EOPC for PAC with 30-Day Storage 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.3 Anticipated Effectiveness and Limitations 

Like alum, PAC can efficiently achieve a 1.0 mg/L target effluent concentration and its major 

limitation is the extremely high molar ratios needed to achieve extremely low effluent 

concentrations. Overall, a smaller dose of PAC is required to achieve the target effluent of 1.0 

mg/L. This higher efficiency is also reflected in a better settling and more dense floc, which 

reduces sludge production for up to 20%. Additionally, PAC is anticipated to operate more 

effectively over a wider pH range.  PAC is basic in nature and will have minimal impact on pH, 

eliminating the need to add lime to maintain alkalinity. However, chemical cost is double when 

compared to alum.   

Item Amount 

General Conditions $110,000 
Chemical building (16ft x 26ft)  $124,800  
Concrete pad $5,000  
Secondary containment $10,000  
Chemical storage tank (1,600 gal) $8,000  
Feed pump $32,000  
Emergency eyewash/shower $10,000  
Phosphate analyzer, chemical flow meters, 
ultrasonic level 

$58,000  

Equipment installation (35%) $38,000  
Subtotal $396,000  
Chemical piping (10%) $40,000  
HVAC (5%) $20,000  
Electrical (10%) $40,000  
Instrumentation (5%) $20,000  
Site work (15%) $59,000  
Subtotal $575,000  
Contractor’s OH&P (15%) $86,000  
Subtotal $661,000  
Contingency (30%) $198,000  
Construction total with contingency $859,000  
Design Engineering (7.5%) $64,425  
Construction Engineering (7.5%) $64,425  
Legal & Admin (1%) $8,590  
Total Capital Cost  $996,000  
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3.3 Lanthanide Chloride (Rare Earth Elements)  

An alternative to adding traditional coagulants like alum is to add a blended rare earth element 

(REE) solution also known as lanthanide chloride solution. A blended lanthanide chloride product 

is available from Neo Water Treatment as Neo Water FX300. One advantage of the lanthanide 

chlorides for chemical removal relates to the strong affinity of their cations for phosphates, with 

which they directly and quickly form precipitates without engaging inside reactions with other 

ions. Fewer moles of the REE are needed for the same phosphorus removal. 

The main drawback of the lanthanide chlorides is the bulk chemical price is approximately ten 

times that of alum. In cases where the lower chemical consumption allows significant reductions in 

capital costs, lanthanide chloride addition deserves some consideration despite the purchase price. 

Other benefits include lower sludge production, improved dewaterability performance, non-

hazardous and non-corrosive material that will not stain or discolor structures and equipment, so 

it can be safely used in UV, and there is no potential need for pH adjustment. 

3.3.1 REE Requirements and Sludge Production  

A molar ratio of 1:1 typically holds true regardless of the phosphorus effluent limit. Unlike the 

traditional aluminum-based coagulants previously discussed in this report, the molar ratio of REE 

to P doesn’t not significantly increase depending on target effluent phosphorus. Table 9 below 

presents the REE solution dosage and storage requirements, as well as its associated annual cost. 

The required dosage is lower than for alum, but that efficiency comes at a significantly higher cost. 

The complete basis of design is presented in Appendix E. 

 

TABLE 9 

FX300 (REE) Dosage Requirements and Chemical Costs 

 

Parameter 
Actual Average 
(1.31 MGD) 

Design Average 
(2.42 MGD) 

Molar Ratio  1.0 1.0 

Molecular Weight (FX300) 212 g/mol 212 g/mol 
P to be removed chemically 25.1 lbs/day 88.8 lbs/day 

Dose of REE required  199 lbs/day 705 lbs/day 
Concentration of REE in FX300 (g/L) 640 640 
Dose of FX300 required 52 gpd (2 gph) 185 gpd (8 gph) 
Storage requirements:   
                            10-days (gal) 373 1,321 
                            30-days (gal) 1,118 3,962 

Cost of FX300 per gallon delivered $11.03 $11.03 

Annual chemical expenses $150,100 $531,800 

 
Preliminary information available from the vendor indicates a molecular weight of 246 g/mol for 

FX300 and a concentration of REE in FX300 of 640g/L.  Using these values, it can be estimated that 

based on actual average conditions 52 gpd of coagulant are required and 185 gpd on design 

average conditions. On actual average basis, this means that a 10-day supply could be covered by 
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two (2) 250-gallon totes. Due to a tote weight limit, each tote is limited to 250-255 gallons of 

FX300. For a 30-day storage requirement 5 totes would be required. The ability to rely on totes 

instead of a bulk chemical storage tank could avoid the need for a new chemical storage and feed 

building. However, to meet at least ten days on a design average basis, a 1,400 chemical storage 

volume is recommended. At this volume, it is recommended to supply a storage tank. 

The chemical sludge production rate is similar to that of Alum on a pound-to-pound basis. 

Therefore, a sludge production of 0.44 lbs TSS per pound of P removed is assumed.  However, the 

lower chemical dosing requirements result in lower sludge production. Table 10 below presents 

sludge production results. 

TABLE 10 

Anticipated Chemical Sludge Produced by the Addition of FX300 
 

Parameter 
Actual Average 
(1.31 MGD) 

Design Average 
(2.42 MGD) 

Sludge production ratio per lbs TSS/lbs FX300 0.45  0.45  

Anticipated additional sludge production (lbs/d) 90 317 
@ 2% solids (gpd) 537 1,902 

Average cost per gallon of sludge removed $0.06 $0.06 

Annual cost for removal of additional sludge $11,800 $41,700 

 

Total annual operating cost for FX300 (REE) is roughly $161,900 including annual chemical 

expenses and additional chemical sludge removal. 

3.3.2 Recommended Improvements for Implementation  

The proposed chemical phosphorus removal system mainly consists of chemical dosing pumps and 

a 1,400-gallon chemical storage tank. Based on solution consumption rates calculated above, 

recommendations are based on duplex skid with at least 6 gph capacity pumps. Despite being able 

to withstand very low temperatures, its recommended that FX300 is installed in a new chemical 

building to allow for easier operations and maintenance activities. Table 11 below presents the 

engineer’s opinion of probable cost for the REE system with 30 days of storage.  

TABLE 11 

EOPC for FX300 (REE) with 30-Day Storage 
 

Item Amount 

General Conditions $106,000.00  

Chemical building (16ft x 
26ft)  

$120,000  

Concrete pad $5,000  

Secondary containment $10,000  
Chemical storage tank (1,600 
gal) 

$7,000  

Feed pump $32,000  
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3.3.3 Anticipated Effectiveness and Limitations of REE  

Lanthanide chloride has been proven very effective in achieving extremely low effluent limits, 

however, it is not a cost-effective option to achieve a target effluent limit of 1.0 mg/L. This is 

because at this target effluent concentration, aluminum-based coagulant have very comparable 

molar ratios.  

Lanthanide chloride blends, such as FX300, offer other benefits. It has a very low freezing point, 

around -40F, so smaller totes can be installed outdoor without requiring heated space. Lower 

sludge production would also result in lower sludge handling cost. However, with a cost nearly 10 

times that of Alum, the savings in the cost of a new building and smaller storage tank would be 

quickly offset.  

Another limitation of this chemical is its availability. Rare-earth metals are predominantly found 

overseas, in Russia and China, and its production can be highly affected by supply chain or 

geopolitical issues. Moreover, in Illinois there is only one manufacturer offering the chemical.  

  

Item Amount 

Emergency eyewash/shower $10,000  

Phosphate analyzer, chemical 
flow meters, ultrasonic level 

$58,000  

Equipment installation 
(35%) 

$38,000  

Subtotal $386,000  
Chemical piping (10%) $39,000  

HVAC (5%) $19,000  
Electrical (10%) $39,000  

Instrumentation (5%) $19,000  
Site work (15%) $58,000  

Subtotal $560,000  
Contractor’s OH&P (15%) $84,000  

Subtotal $644,000  
Contingency (30%) $193,000  

Construction total with 

contingency 
$837,000  

Design Engineering (7.5%) $62,775  

Construction Engineering 
(7.5%) 

$62,775  

Legal & Admin (1%) $8,370  

Total Capital Cost  $971,000  
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4.  CONCLUSIONS AND RECOMMENDATIONS  

The Village of Hanover Park will have to meet a 1.0 mg/L TP effluent concentration October 2028. 

Like most activated sludge processes, the current oxidation ditch achieves some phosphorus 

removal biologically. However, the phosphorus removal is not reliable or enough to meet the 

future effluent concentration limit. Therefore, achieving phosphorus removal through chemical 

addition was recommended.  

Alum, PAC, and FX300 (REE) were compared considering three main criteria: dosage 

requirements, sludge production, and costs (capital costs, chemical costs, and sludge handling 

cost). Other non-monetary considerations were also discussed, including ease of handling, sludge 

dewaterability, freezing point, and effects on effluent pH. The evaluation determined that Alum is 

the most cost-effective chemical to achieve the desired target effluent limit.  Despite having higher 

dosage requirements when compared to PAC and FX300, Alum has significantly lower chemical 

costs at $1.33 per gallon delivered to Hanover Park. This will rapidly offset the need for higher 

upfront costs related to the implementation of the Alum system, which requires a larger building 

and storage tank. 

An important consideration with alum, is its potential to lower pH. This is not anticipated to be an 

issue at the plant since effluent pH ranges from 7.2 to 8.3. The addition of alum may reduce the pH, 

but not enough to fall below the lower limit of 6.0. Also, it is not anticipated that lime will need to 

be added to maintain the pH and reduce solubility of the precipitates. 

Finally, sizing equipment to meet alum requirements offer the flexibility to switch to any other 

chemical in the future, if pH were to become an issue, or if a future effluent limit were to be 

imposed. While significantly oversized for FX300, the chemical storage can be reused and operated 

at half capacity. FX300 doesn’t have the same crystallization tendency of Alum. 

The implementation schedule presented in Table 12 is proposed to achieve a 1.0 mg/L monthly 

average effluent limit by October 1, 2028. The proposed schedule does not consider pursuance of 

an IEPA loan and assumes the implementation of the project will be financed by Village funds. 

 

TABLE 12 

Recommended Implementation Schedule 

 

Milestone Date Completed 

Chemical Phosphorus Removal Evaluation March 2023 

Chemical Pilot Testing  June 2024 
Notice to Proceed with Design March 2025 

Submit Plans and Specs to IEPA January 2026 

IEPA Issues Construction Permit April 2026 

Advertise for Bids April 2026 
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As presented in the table above, to ensure that a 1.0 mg/L monthly average total phosphorus 

effluent limit is achieved consistently by October 2028, it is recommended that construction and 

implementation of the chemical feed system is substantially completed by September 2027 and 

completed October 2027.  

 

Milestone Date Completed 

Open Bids May 2026 

Issue Notice of Award June 2026 

Issue Notice to Proceed June 2026 

Construction Substantial Completion September 2027 

Construction Final Completion October 2027 

Achieve 1.0 mg/L monthly average TP 

effluent concentration 
October 2028 
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APPENDIX A 

VILLAGE OF HANOVER PARK NPDES PERMIT 











































  

 

 

 

 

 

 

APPENDIX B 

INFLUENT FLOWS AND LOADINGS 



Monthly 

Average Flow

MGD mg/L ppd mg/L ppd mg/L ppd mg/L ppd

Jan-20 1.53 113 1308 32 369 2.96 37.2 22.80 287

Feb-20 1.36 108 1207 65 740 3.28 36.5 41.50 462

Mar-20 1.57 125 1491 64 764 2.56 36.7 25.20 361

Apr-20 1.60 118 1938 59 945 4.10 50.9 38.20 475

May-20 1.81 93 1076 72 803 5.16 52.7 46.60 476

Jun-20 1.21 159 1512 78 735 10.70 116.8 12.10 132

Jul-20 1.18 164 1738 71 771 4.93 50.6 7.65 78

Aug-20 1.06 191 1642 58 498 5.18 46.4 45.40 407

Sep-20 1.14 146 1296 50 445 N/A N/A N/A N/A

Oct-20 1.17 172 1704 66 575 5.98 49.3 49.70 410

Nov-20 1.20 163 1684 49 508 4.61 45.7 33.90 336

Dec-20 1.26 148 1534 72 811 N/A N/A N/A N/A

Jan-21 1.30 140 1482 86 914 17.60 180.5 38.60 383

Feb-21 1.34 121 1267 75 867 19.90 197.7 46.10 408

Mar-21 1.60 117 1610 62 844 9.11 156.5 33.40 465

Apr-21 1.11 165 1513 74 681 N/A N/A 47.80 582

May-21 1.04 216 1851 122 1046 19.00 153.5 48.80 394

Jun-21 1.32 145 1343 89 892 27.40 232.2 46.00 390

Jul-21 1.22 200 1979 85 836 20.80 196.2 42.40 400

Aug-21 1.21 159 1641 147 1505 20.60 183.8 44.00 393

Sep-21 1.06 216 1899 79 687 17.70 159.3 35.00 304

Oct-21 1.33 173 1712 108 1070 30.00 265.2 35.90 317

Nov-21 1.10 181 1666 76 696 21.15 193.7 31.40 302

Dec-21 1.27 161 1610 129 1255 1.21 10.9 45.30 393

Jan-22 1.11 175 1591 48 448 3.73 33.8 31.20 320

Feb-22 1.37 176 2077 57 718 3.28 42.4 0.10 1

Mar-22 1.61 127 1864 53 827 3.37 46.3 31.30 392

Apr-22 1.76 143 2221 113 1846 3.48 53.5 0.10 2

May-22 1.59 157 2017 84 1107 3.41 43.3 28.70 440

Jun-22 1.15 197 1907 78 771 5.01 52.5 48.00 503

Jul-22 1.28 150 1459 97 936 4.45 41.9 41.30 441

Aug-22 1.22 173 1655 67 636 4.48 44.5 N/A N/A

Average 1.31 156 1640 77 830 9.83 96.9 34.43 354

Maximum 1.81 216 2221 147 1846 30.00 265.2 49.70 582

Minimum 1.04 93 1076 32 369 1.21 10.9 0.10 1

Date
BOD TSS TP, as P TN, as N

mgonzalez
Text Box
Table B-1



  

 

 

 

 

 

 

APPENDIX C 

BASIS OF DESIGN (ALUM) 



Appendix C

Village of Hanover Park

Chemical P Removal Evaluation - 220867.30

Chemical Phosphorus Removal Calculations (ALUM)

Average Daily Flow (ADF) 1.31 MGD

WAS production, lbs TS/day 2,417 ppd TSS

@ 70% Volatile Solids 1,692 ppd VSS

Total Design Average Flow (DAF) (incl. sidestreams) 3.05 MGD

Sidestream Average Flow 0.63 MGD 

WAS production, lbs TS/day 5,333 ppd TSS

@ 70% Volatile Solids 3,733 ppd VSS

1. Phosphorus Removal Options

ADF DAF

(Raw) Influent Phosphorus 7.8 7.8 mg/L

85 157 lbs/day

Phosphorus uptake, % of cell mass 2.3% 2.3%

Phosphorus removal in WAS VSS 39 86 lbs/day

Digestion VS reduction 40% 40%

Phosphorus remaining in sludge after digestion 23 52 lbs/day

Calculated Phosphorus in Recycles 16 34 lbs/day 

136 136 mg/L

Net phosphorus in clarifiers effluent 62 106 lbs/day

3.1 5.2 mg/L

Effluent Limit, monthly average for annual monitoring 1 mg/L

Target Effluent Limit 0.8 mg/L

Phosphorus to be removed chemically 25.1 88.8 lbs/day

Dose at a mole ratio of 1.5Al:1P per EPA Nutrient Removal Design Manual

Average alum consumed [as Al2 (SO4)3  . 14H2O]

= 106 (lbs P/day) x 1.5 (mole Al/mole P) x 297 (g alum/mole Al) / 31 (g P/mol P)

361               1,276         lbs/day

Use 48.5% w/w solution (SG = 1.33)

1276 lbs/day / (0.485 x 1.33 x 8.34) 67 237 gpd

3 10 gph

Chemical - Alum (only)



Provide two chemical metering pump(s).

Number of pumps 2 pumps 

Capacity, each 15 gph 

Total pump capacity with one as standby 15 gph

Provide storage tank

Minimum storage (10 days) 671 2372 days 

Recommended storage days (30 days) 2013 7116 days 

Storage Provided 2,013         gallons

Say --> 5,000         gallons

2. Estimated Annual Alum Cost

Dose at a mole ratio of 1.5Al:1P

Average alum consumed [as Al2 (SO4)3  . 14H2O] 67                 237            gpd

24,493          86,573       gal/year

Average Cost per gal of  Al2 (SO4)3  . 14H2O 1.33$         

Chemical Cost 32,500$        114,700$   $/year

3. Estimated Phosphorus Sludge Production

Chemical P Sludge

Sludge production ratio 0.44 0.44 lbsTSS/lbs alum

Sludge Production

= 0.35 x237 lbs alum /day 159 561 lbs/day

assumed at 2% solids 952               3,366         gpd

Additional Sludge Removal Cost 

Average Cost per gallon of sludge removed 0.06$            0.06$         per gallon

Annual Cost 20,900$        73,700$     $/year

Total Annual Operating Cost 

Chemical Cost + Sludge Hauling Costs 53,400$        188,400$   $/year



  

 

 

 

 

 

 

APPENDIX D 

BASIS OF DESIGN (PAC) 



Appendix D

Village of Hanover Park

Chemical P Removal Evaluation - 220867.30

Chemical Phosphorus Removal Calculations (PAC)

Average Daily Flow (ADF) 1.31 MGD

WAS production, lbs TS/day 2,417 ppd TSS

@ 70% Volatile Solids 1,692 ppd VSS

Total Design Average Flow (DAF) (incl. sidestreams) 3.05 MGD

Sidestream Average Flow 0.63 MGD 

WAS production, lbs TS/day 5,333 ppd TSS

@ 70% Volatile Solids 3,733 ppd VSS

1. Phosphorus Removal Options

ADF DAF

(Raw) Influent Phosphorus 7.8 7.8 mg/L

85 157 lbs/day

Phosphorus uptake, % of cell mass 2.3% 2.3%

Phosphorus removal in WAS VSS 39 86 lbs/day

Digestion VS reduction 40% 40%

Phosphorus remaining in sludge after digestion 23 52 lbs/day

Calculated Phosphorus in Recycles 16 34 lbs/day 

136 136 mg/L

Net phosphorus in clarifiers effluent 62 106 lbs/day

3.1 5.2 mg/L

Effluent Limit, monthly average for annual monitoring 1 mg/L

Target Effluent Limit 0.8 mg/L

Phosphorus to be removed chemically 25.1 88.8 lbs/day

Dose at a mole ratio of 1.5Al:1P per EPA Nutrient Removal Design Manual

Average PAC consumed [as Al2 (OH)3 Cl3]

(lbs P/day) x 1.5 (mole Al/mole P) x 212 (g PAC/mole Al) / 31 (g P/mol P)

258               911            lbs/day

Use 45% w/w solution (SG = 1.31)

911 lbs/day / (0.45 x 1.31 x 8.34) 52 185 gpd

2 8 gph

Chemical - Alum (only)



Provide two chemical metering pump(s).

Number of pumps 2 pumps 

Capacity, each 10 gph 

Total pump capacity with one as standby 10 gph

Provide storage tank

Minimum storage (10 days) 525 1853 days 

Recommended storage days (30 days) 1574 5559 days 

Storage Provided 1,574         gallons

Say --> 3,900         gallons

2. Estimated Annual PAC Cost

Dose at a mole ratio of 1.5Al:1P

Average PAC consumed [as Al2 (OH)3 Cl3] 52                 185            gpd

19,154          67,633       gal/year

Average Cost per gal of  Al2 (SO4)3  . 14H2O 2.79$         

Chemical Cost 53,400$        188,400$   $/year

3. Estimated Phosphorus Sludge Production

Chemical P Sludge

Sludge production ratio 0.352 0.352 lbsTSS/lbs PAC

Sludge Production

= 0.35 x185 lbs alum /day 91 321 lbs/day

assumed at 2% solids 544               1,922         gpd

Additional Sludge Removal Cost 

Average Cost per gallon of sludge removed 0.06$            0.06$         per gallon

Annual Cost 12,000$        42,100$     $/year

Total Annual Operating Cost 

Chemical Cost + Sludge Hauling Costs 65,400$        230,500$   $/year



  

 

 

 

 

 

 

APPENDIX E 

BASIS OF DESIGN (REE) 



Appendix E

Village of Hanover Park

Chemical P Removal Evaluation - 220867.30

Chemical Phosphorus Removal Calculations (REE)

Average Daily Flow (ADF) 1.31 MGD

WAS production, lbs TS/day 2,417 ppd TSS

@ 70% Volatile Solids 1,692 ppd VSS

Total Design Average Flow (DAF) (incl. sidestreams) 3.05 MGD

Sidestream Average Flow 0.63 MGD 

WAS production, lbs TS/day 5,333 ppd TSS

@ 70% Volatile Solids 3,733 ppd VSS

1. Phosphorus Removal Options

ADF DAF

(Raw) Influent Phosphorus 7.8 7.8 mg/L

85 157 lbs/day

Phosphorus uptake, % of cell mass 2.3% 2.3%

Phosphorus removal in WAS VSS 39 86 lbs/day

Digestion VS reduction 40% 40%

Phosphorus remaining in sludge after digestion 23 52 lbs/day

Calculated Phosphorus in Recycles 16 34 lbs/day 

136 136 mg/L

Net phosphorus in clarifiers effluent 62 106 lbs/day

3.1 5.2 mg/L

Effluent Limit, monthly average for annual monitoring 1 mg/L

Target Effluent Limit 0.8 mg/L

Phosphorus to be removed chemically 25.1 88.8 lbs/day

Dose at a mole ratio of 1La:1P per NeoWater Technnologies (chemical manufacturer)

Average REE consumed [as LaCl3]

 (lbs P/day) x 1(mole La/mole P) x 246 (g REE/mole La) / 31 (g P/mol P)

199               705            lbs/day

REE concentration of REE in FX300 is 640 g/L

705 lbs/day / (0.64 x 8.34) 37 132 gpd

2 6 gph

Chemical - Alum (only)



Provide two chemical metering pump(s).

Number of pumps 2 pumps 

Capacity, each 6 gph 

Total pump capacity with one as standby 6 gph

Provide storage tank

Minimum storage (10 days) 373 1321 days 

Recommended storage days (30 days) 1118 3962 days 

Storage Provided 1,348         gallons

Say --> 1,400         gallons

2. Estimated Annual REE Cost

Dose at a mole ratio of 1La:1P

Average alum consumed [as FX300] 37                 132            gpd

13,608          48,210       gal/year

Average Cost per gal of  FX300 11.03$       

Chemical Cost 150,100$      531,800$   $/year

3. Estimated Phosphorus Sludge Production

Chemical P Sludge

Sludge production ratio 0.45 0.45 lbsTSS/lbs REE

Sludge Production

= 0.35 x132 lbs alum /day 90 317 lbs/day

assumed at 2% solids 537               1,902         gpd

Additional Sludge Removal Cost 

Average Cost per gallon of sludge removed 0.06$            0.06$         per gallon

Annual Cost 11,800$        41,700$     $/year

Total Annual Operating Cost 

Chemical Cost + Sludge Hauling Costs 161,900$      573,500$   $/year


