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Section 1: Summary 
This Technical Memorandum (Tech Memo 1) describes the development of the estimated capital needs for 

the City of Lakewood (City) over the next 40 years. The evaluation included reviewing existing City materials, 

interviewing City personnel, and developing costs for the City wastewater treatment plant, wastewater 

collection system, and water distribution system (a summary of materials reviewed is included in 

Attachment A). Findings from the evaluation are show annually for the first 5 years, then in five-year 

increments over the remainder of the 40-year planning horizon. 

The scope of work for Brown and Caldwell (BC) for the Utility Funding and Affordability project included 

collecting relevant data for the capital needs assessment, interviewing key personnel, leading a policy 

workshop with the City, identifying capital needs based compiled information, and developing a long-term, 

planning level capital improvement plan (CIP). 

Section 2: System Overview 
The first phase of this analysis included a review of the City’s Water Distribution, Wastewater Collection, and 

Wastewater Treatment systems. BC provided a data request to the City to inquire about the availability of 

asset and planning data for each of the systems. The data request is attached to this report in Attachment A 

– Data Collection and Review Materials.  

Data review also included interviews with key City staff and a group workshop to gain an understanding of 

current system operations and maintenance activities, identify any known system deficiencies, determine 

any capital improvements currently underway, and document future challenges and opportunities not 

addressed in existing reports for the three divisions. The BC team created a presentation to facilitate 

discussion during the workshop, which is included in Attachment A.  

The data review and subsequent discussions with key staff helped the BC Team gain an understanding of 

the drivers for future capital investment. The City was clear that there were two main drivers. The first was 

managing the wet weather conditions to meet regulation, most of which these needs are included in a 

separate but related effort to determine capital needs associated with the City’s Integrated Wet Weather 

Plan. The second driver was adequately managing their aging assets. Therefore, the BC Team created a 

methodology that would focus on creating short- and long-term reinvestment strategies for the wastewater 

collection, wastewater treatment, and water distribution systems. The results of this analysis included a 

determination of the adequacy of the current reinvestment rate and identification of additional assessment, 

repair, and replacement needs annual for the next five years and in five-year increments for the next 35 

years. 

The information included in this section of the report is based on the data provided by the City, and are not 

purported to be a completely accurate representation of the assets in the City’s system. The information was 

used to determine short- and long-term capital needs for the City. 

2.1 Wastewater Collection 

Information for the wastewater collection system came from the City’s GIS as shapefiles, outfall report, and 

select other resources provided by the City. The validity of the data was confirmed through interviews with 

City personnel.  
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2.1.1 Pipes 

The pipes within the City’s collection system (Figure 2-1) are comprised of sanitary, combined and storm 

pipes, ranging in size from 6 to 120 inches in diameter (Table 2.1). The approximate length of wastewater 

pipes in GIS is 913,000 feet (Table 2.2).  

 

Table 2.1. Pipe Size Summary 

Shape Size (inches) Count 

CIRCULAR 6-18 2608 

CIRCULAR 20-22 138 

CIRCULAR 24-120 791 

FILLED_CIRCULAR 8-18 13 

FILLED_CIRCULAR 24-72 12 

ARCH 65-85 31 

EGG 31-56 80 

HORIZ_ELLIPSE 12 1 

HORIZ_ELLIPSE 53-85 6 

RECT_CLOSED 57-81 7 

VERT_ELLIPSE 33-110 48 

 

 

Table 2.2. Pipe Footage Summary 

Diameter Combined (feet) Sanitary (feet) Storm (feet) 

Small Diameter (less than 24 inches) 113,059 326,224 230,124 

Midsize Diameter 9,458  18,469 

Large Diameter (greater than 60 inches) 83,276 25,870 106,654 

 

 

2.1.2 Manholes 

There are approximately 3,600 manholes in the collection system. The vast majority of the manholes are 

less than 25 feet deep. A few are deeper—up to 108 feet in depth. (See Table 2.3.) 

 

Table 2.3. Manhole Summary 

Depth Number 

Shallow (<25 feet) 3527 

Mid (25 to 50 feet) 40 

Deep (>50 feet) 4 
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Figure 2-1. Lakewood Sewered Areas (2008) 

 

 

 

2.1.3 Outfalls 

The City provided an assessment report of the outfalls performed by a consultant. The findings from the 

report were used to estimate long-term needs. There are 39 outfalls listed in the City’s GIS, and are shown in 

Figure 2-2. 
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Figure 2-2. Lakewood Outfall Areas (2015) 

 

 

 

2.2 Wastewater Lift Stations 

The City owns and operates four lift stations/well. Facility information is summarized in Table 2.4. Year 

installed indicates the year the asset was installed or overhauled to reset its expected life. 

 

 Table 2.4. Lift Stations Summary  

 Station  Description Year Installed  

West Lift Station 

Pumps with VFDs 

• Pump motor HP – 15 

• Pump capacity - 550 gallons per minute (gpm) 

• Pump Type - centrifugal screw pump, dry pit style, vertical pump 

2014 
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 Table 2.4. Lift Stations Summary  

 Station  Description Year Installed  

Clifton Lagoon Lift Station 

Pumps with VFDs 

• Pump motor HP – 10 

• Pump capacity - 80 gpm 

• Pump Type - centrifugal, dry pit style, vertical pump 

2017 

Process Well (Operations Building 
Basement) 

Submersible Pumps with VFDs 

• Pump motor HP – 15 

• Pump capacity - 400 gpm 

• Pump Type - submersible centrifugal 

Pumps - 2005 
VFDs - 2016 

East Lift Station (near Animal Shelter) 

Submersible Pumps (no VFDs) 

• Pump motor HP – 5 

• Pump capacity - 100 gpm 

• Pump Type - submersible centrifugal 

2014 

 

2.3 Wastewater Treatment Plant 

The City owns and operates one wastewater treatment plant (WWTP) located on Cleveland Metro Park Drive. 

The plant was built in the 1960s and has been expanded and modified over the years. Its current average 

daily flow is 5-6 million gallons per day (mgd), with a maximum flow capacity of 40 mgd. Facility information 

is shown in Figure 2-3, and summarized in Table 2.5. Year installed indicates the year the asset was 

installed or overhauled to reset its expected life. 

Figure 2-3. Lakewood Wastewater Treatment Plant process areas 
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Table 2.5. WWTP Asset Summary 

 Process Description  Quantity Year Installed Notes 

Preliminary Treatment Bar Screens 2 2003 Screens and compactors 

Preliminary Treatment Vortex Grit Tanks 2 2003 Drive Units - 2003 

Preliminary Treatment Grit Pumps 2 2014 
 

Preliminary Treatment Cyclones 2 2003 Rebuilt - 2003 

Preliminary Treatment Grit Classifiers  1 2003 
 

Primary Treatment Primary Settling Tanks 4 1983 
 

Primary Treatment Drive Units 4 1983 Cast Iron Drive Units - 1983 

Primary Treatment Primary Sludge Pumps with VFDs (800 gpm) 2 2002  

Primary Treatment Primary Scum Pumps (no VFDs) 2 1983   

Secondary Treatment Aeration Tanks 8 1983 Ceramic Air Diffusers - 1983 

Secondary Treatment Aeration Tank Blowers 3 2013   

Secondary Treatment 
Secondary Clarifiers (4 installed 1965, 2 added/installed 
1983; floors refurbished 2017/2018) 

6 1983* 
*floor refurbishment in 
2017/2018 extends RUL 

Secondary Treatment Secondary Clarifiers Mechanism 6 1983  

Secondary Treatment Drive Units 6 1983   

Secondary Treatment RAS Pumps (800-1500 gpm) (VFDs) 5 2010 Pumps 2006/ VFDs 2016 

Secondary Treatment Dewatering Pumps (gravity fed) (VFDs) 3 2017 Pumps/VFDs - 2017 

Secondary Treatment Secondary Scum Pumps (no VFDs) 4 1983   

Secondary Treatment Spray Water Pumps (for hosing down tanks) (no VFDs) 3 1983   

Disinfection Disinfection Tanks   2003 Upgraded - 2003 

Disinfection Sodium Aluminate Storage Tank 1 2011   

Disinfection Sodium Aluminate Feed Diaphragm Pumps (VFDs) 2 2011   

Disinfection Ultraviolet Light Bulbs    2021 
(slated to be upgraded with new 
HRT design in the next 3-5 years) 

Sludge Processing Gravity Sludge Thickening Tanks 2 1965  

Sludge Processing Collectors 2 1965   

Sludge Processing Drive Units 2 2010   

Sludge Processing Sludge Thickening Pumps (sludge to digesters) (VFDs) 2 2015   

Sludge Processing Primary Digester Tanks (Anaerobic) 2 2019  In design-build 

Sludge Processing Secondary Digester Tanks (Anaerobic) 2 1938 
Tanks - 1938 
Tank Lids Replaced - 2010 

Sludge Processing Sludge Recirculation Pumps (300 gpm) 2 2007   

Sludge Processing Sludge Grinders 2 2007   

Sludge Processing Secondary Digester Mixing Pumps (1500 gpm) 2 2010   

Sludge Processing Sludge Transfer Pump 1 2010   

Sludge Processing Boilers and Heat Exchangers (to keep sludge in temp) 2 2019   
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Table 2.5. WWTP Asset Summary 

 Process Description  Quantity Year Installed Notes 

Sludge Processing Methane Gas Meters (for measuring gas produced) 5 2012   

Sludge Processing Sludge Storage Tank 1 1983 Tank is not in use 

Sludge Processing Belt Filter Press (sludge dewater process) 2 2007   

Sludge Processing Sludge Conveyor Belt 1 2007   

Sludge Processing Polymer Feed Pumps 4 2007   

Sludge Processing Polymer Batch Tank  1 2007  

Sludge Processing Polymer Holding Tank 1 2007  

Other Emergency / Backup Generator 1 2007   

Other Digester GenSet (future) 1 2019   

Other Electric Boilers (booster boiler for hot water for bldgs.) 1 1990   

Other Hot water pumps to circulate water throughout plant  Mult. 1983   

Other Freight Elevator (no structural/cable issues, only control) 1 1965   

Other HVAC System - Operations & Screenings/Grit Buildings Mult. 1983   

Other HVAC System - Digester Building Mult. 1991   

Other LED Lighting  Mult. 2016   

Other Miscellaneous (arch enhancements) Mult.  1965  

Other Electrical infrastructure Mult.  1965  

HRT Screens 2 2021  

HRT Grit Removal 2 2021  

HRT Grit Pumps 3 2021  

HRT Actiflow System 1 2021  

HRT Actiflow Polymer Tank 1 2021  

HRT UV Disinfection (2 banks) 1 2021  

HRT Slide Gates 12 2021  

 

 

2.4 Water Distribution 

The City of Lakewood owns and operates 546,2000 linear feet of water main in the water distribution 

system, serving an area of 6.5 square and approximately 52,000 people. The average day water demand is 

3.85 mgd and the City purchases this water from the City of Cleveland via 18 interconnections into the City’s 

water distribution system. The average age of the water distribution main network is approximately 50 years. 

Over the past decade, the City has invested $18.6 million into replacement of aging water main in the 

distribution system, replacing approximately and at average rate of 4,500 liner feet or 0.8 percent of the 

water distribution system per year.  
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The city provided a combination of worksheets and databases to provide a comprehensive inventory of the 

City’s water distribution mains. The inventory includes location, diameter size, length, installation year, 

material, and break history. Figure 2-4 provides a summary of the water distribution mains by diameter and 

material.  

 

Figure 2-4. Water Main Inventory by Diameter 

 

 

As shown, the distribution system is made up of predominately 6-inch and 8-inch diameter pipe. Pipe with an 

age older than the average (50 years) is cast iron. Ninety-one percent (91 percent) of the pipe with an age 

younger than the average (50 years) is ductile iron, the remaining 9 percent is cast iron or plastic pipe.  

Figure 2-5 shows the water mains broken into four age groups; pipe younger than 35 years, pipe between 

36–55 years, pipe between 55–86 years, and pipe older than 86 years. Approximately 35 percent of the 

City’s water distribution main is over 86 years old.  

 

Figure 2-5. Water Main Inventory by Age 
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Figure 2-6 shows the location of each water main by installation year in the City’s water distribution system, 

using installation year groups that coincide with age groups shown above. Assuming a standard 100-year 

useful life and discounting any condition data, the City’s reinvestments are shown in Figure 2-7. This figure 

shows that the City has 100,000 linear feet of water main that is over 100 years old.  

 

Figure 2-6. Water Main by Installation Year 
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Figure 2-7. Water Main Replacement Needs 

(based on 100- year useful life) 

 

 

Figure 2-7 is useful in gaining a quick overview of the reinvestment needs based on useful life. However, it 

does not address the performance of the assets or how to prioritize the replacement of the oldest 100,000 

linear feet of pipe.  

Currently, the City’s uses a weighted formula including remaining useful life (10 percent), diameter (30 

percent), and break history (60 percent) to assign a Water Condition Rating (WCR) to each main. The WCR 

ranges from 0–100. The City also assumes that mains with diameter of 6-inch and smaller are to be 

prioritized for replacement. Currently, the WCR is used to prioritize annual water main replacement. Based 

on Figure 2-4, it appears that 6-inch and smaller mains are replaced with 8-inch mains when replaced. This 

explains why most of the remaining 6-inch diameter main is older, cast iron main and that it looks like there 

has been less reinvestment in this group of pipes than of the others.  

Figure 2-8 breaks down water main by Water Condition Rating and age. There are 125,000 linear feet of 

main with a condition rating less than 60, and 91 percent of main with a rating less than 60 is also greater 

than 86 years old.  

Figure 2-9 shows the location of the oldest pipe, and the location of the poorest performing pipe. The 

performance is shown as a highlight so an overlap between the two parameters can be visualized. The next 

section will summarize the assumptions and methodology used to develop the short and long-term 

replacement plan. 
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Figure 2-8. Water Condition Rating and Age  

 

 

 



Lakewood CIP 

 

 

12 

 

Figure 2-9. Oldest Water Main (> 86 years old) with Overlay of Main Break Data 
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Section 3: Assumptions 
Since there was limited data for the assets, several broad assumptions were made regarding the system. If 

additional information is available in the future, it could help refine the estimates and the timing of the 

expenditures. 

3.1 Integrated Wet Weather Plan 

Capital costs for assets included in the IWWP were included in the analysis to the extent that the upfront 

capital investment in new assets will need to be maintained over the 40-year analysis. Therefore, the assets 

that will need refurbished and replaced periodically are included in the long-term costs. 

3.2 Wastewater Collection 

While the data attributes for the pipes did include depth, diameter and length, it did not include material and 

age, which are needed for the needs assessment. Assumptions for the collection system pipes, manholes 

and outfalls are included in the following tables and figures. 

 

Table 3.1. Pipe Attributes Assumptions 

Age 

• No data provided indicating age of pipes in the asset shapefiles (GIS). Based on overlaying GIS with consultant (CT) pdf of 1920 and 
1945 sewer maps. Based on those pdfs of the sewer maps for pipes added in 1920 and 1945 provided by Lakewood, it is assumed that 
most pipes were built in 1920. Those first appearing in 1945 were updated as such. (See Figure 3-1 and Figure 3-2) 

• Material. No data provided indicating material. The type of material assumptions is based on the categories of size and shape of the 
collection system pipes. Circular pipes with diameters ranging from 6 to 18 in are assumed to be vitrified clay pipes (VCP), as well as 
diameters 20 to 22 inches, although these are nonstandard sizes. Circular pipes with diameters 24 to 120 inches are assumed to be 
made of brick. Pipes with a shape indicated as “FILLED_CIRCULAR” were found to be in regular circular lines, so it is assumed diameters 
8 to 18 inches are VCP and 24 to 72 inches are brick. It is assumed that arch and egg pipes are made of brick, while rectangular and 
ellipse pipes are assumed to be concrete. 

Cost 

• Estimated cost per inch diameter to maintain during the 40-year analysis  

• Rehabilitation and replacement capital needs were based on following a rehab/replace ratio 

• Combined and sanitary ratio of 80/20 

• Storm ration 90/10 

• Assumes a ramp up in costs over the first two years as GIS and CMMS systems functionality are improved 

Useful 

Life 

• Estimated based on material. brick, concrete or VCP: 100 years. 

• Remaining useful life calculated based on assumed age, expected useful life, following bell curve for the longer the asset has been in the 
ground the longer it is anticipated to live 

• Annual R/R estimate average of total needs over 40-year analysis period. 
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Figure 3-1. Lakewood Sewered Areas (1920) 

 

 

Figure 3-2. Lakewood Sewered Areas (1945) 
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Table 3.2. Manhole Attributes Assumptions 

Age • Based on the estimated age of the corresponding sewer. 

Cost 

• Rehabilitation and replacement capital needs were based on following 80/20 rehab/replace ratio. 

• Manholes less than 50 feet in depth: $165/VF 

• Manholes greater than 50 feet in depth: $208/VF 

• Assumes a ramp up in costs over the first two years as GIS and CMMS systems functionality are improved. 

Useful 

Life 
• Manhole expected useful life: 100 years---same life as pipes, and would be fixed at same time. 

 

 

Table 3.3. Outfall Attributes Assumptions 

Age • Based on the recommendations for longer-term rehab in the KS 2017 Outfall Inspection Coastal Engineering Report. 

Cost 
• Based on average costs of similar rehab needs provided in the KS 2017 Outfall Inspection Coastal Engineering Report. 

• Outfalls given rehab costs (priority A) are not included. 

Useful 

Life 
• Based on the recommendations for longer-term rehab in the KS 2017 Outfall Inspection Coastal Engineering Report. 

 

 

3.3 Lift Stations 

Assumptions used in the analysis for the lift stations are included in Table 3.4 

 

Table 3.4. Lift Station Attributes Assumptions 

Age • Ages established from City personnel. 

Cost 
• Costs estimated based on industry similar items, and knowledge of local systems. 

• General cost established for periodic overhaul of stations—every 15 years. 

Useful 

Life 
• Overhaul of stations every 15 years. 

 

 

3.4 Wastewater Treatment Plant 

Assumptions used in the analysis for the treatment plant are included in Table 3.5 Additional details about 

age, costs and replacement assumptions can be found in Attachment B. 

 

Table 3.5. Wastewater Treatment Plant Attributes Assumptions 

Age • Ages established from City personnel and available drawings. 
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Table 3.5. Wastewater Treatment Plant Attributes Assumptions 

Cost 

• Costs estimated based on industry similar items, and knowledge of local systems. 

• Electrical and architectural costs spread over 10 years. 

• Replacement costs estimated to bring asset back to useful condition and meet regulatory requirements—replacement in-kind not 
assumed. 

Useful 

Life 
• Estimated based on asset type. 

 

 

3.5 Water Distribution 

The following table summarizes the attribute assumptions used to develop the short and long-term water 

distribution main replacement needs (Table 3.6).  

 

Table 3.6. Water Distribution System Attributes Assumptions 

Age • Calculated based on installation date. Data was provided in workbook and GIS 

Cost • Costs estimated based on available recent water main replacement costs and represent Class 5 Planning Level estimates. Unit rates for 
LF replacements by diameter were calculated and compared to industry standards. 

Useful 

Life 
• 100 years. Performance, specifically break history, and age are used to prioritize short-term reinvestment needs.  

 

Data collected and summarized in the previous section was used to develop a pipe replacement schedule 

that will increase from the current replacement rate of 0.8 percent per year (4,500 LF) to 2 percent per year 

(11,000 LF) over the next 5 years. At a reinvestment rate of 2 percent per year, the City should be able to 

replace 80 percent of the 125,000 linear feet of main that is noted as poor performing aging pipe in Figure 

2-8 in the next 10 years.  

Table 3.7 shows the type and age of the mains recommended for replacing first over the first five years—

highlighted in yellow. A detailed table listing of the specific projects can be found in Attachment C – Water 

Main Replacement Tables. The table also shows water main that is still existing in inventory as poor 

performing, that are not identified as priority replacement. These mains were removed because in 

discussions with the City it was suggested that they have been replaced but the inventory was not updated 

to reflect the recent replacement. A table of these projects is also shown in Attachment C.  

 

Table 3.7. Linear Feet (LF) by Material, Age, and Breaks per 1,000 LF 

Cast Iron 

Breaks per 1,000 

LF 
0 1 2 3 4 5 6 7 8 9 10 12 16 

< 35 years old 4,778 3,650 1,550 0 700 0 1,550 1,300 0 0 0 0 0 

36 - 55 years old 3,200 0 600 0 0 0 0 0 0 0 0 0 0 
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Table 3.7. Linear Feet (LF) by Material, Age, and Breaks per 1,000 LF 

56 -86 years old 9,300 2,600 4,950 2,480 1,590 1,900 350 0 0 0 0 0 0 

> 86 years old 54,400 42,440 35,645 25,750 15,960 8,087 2,704 0 2,000 650 300 1,100 0 

Cast Iron Sub-

Total 
71,678 48,690 42,745 28,230 18,250 9,987 4,604 1,300 2,000 650 300 1,100 0 

Ductile Iron 

Breaks per 1,000 

LF 
0 1 2 3 4 5 6 7 8 9 10 12 16 

< 35 years old 255,052 16,850 0 0 0 0 500 0 0 0 0 0 1,250 

36 - 55 years old 30,690 7,100 3,770 0 0 400 0 450 596 0 0 0 0 

Ductile Iron Sub-

Total 
285,742 23,950 3,770 0 0 400 500 450 596 0 0 0 1,250 

TOTAL 357,420 72,640 46,515 28,230 18,250 10,387 5,104 1,750 2,596 650 300 1,100 1,250 

Mains recommended for replacing first over the first five years. 
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Section 4: Capital Needs 
The main output of this task is the capital project schedule for each system (water distribution, wastewater 

collection, and wastewater treatment): year-by-year for the short-term capital improvements needed (2019 - 

2023); and a capital program schedule for each system in 5-year increments for the long-term capital 

improvement needs. The projects identified to meet long-term system needs are conceptual in nature, and 

all identified costs are planning level estimates. 

There is greater definition of capital needs in the early stages of the capital plan with five-year increments 

and less definition towards the end of the 40-year plan. This is because predictions in farther in the future 

are less certain, and there could be deviations from predictions. Using this approach, triggers or thresholds 

are discussed that would prompt revisiting the analysis and costs of system improvements to be 

implemented. 

4.1 Wastewater Collection 

Total planning-level estimates for capital costs are included in Table 4.1. 

Triggers that would prompt reevaluation to modify expected remaining useful life, and therefore 

refurbishment year include: 

• Identification of installation/refurbishment year data for the assets 

• Identification of material, which could adjust remaining useful life of the assets 

• Inclusion of condition data, which can be used to modify the remaining useful life of the assets 

 

Table 4.1. Wastewater Collection Estimated Capital Costs (million dollars) 

Asset Type 2019 2020 2021 2022 2023 
2024 to 

2028 

2029 to 

2033 

2034 to 

2038 

2039 to 

2043 

2044 to 

2048 

2049 to 

2053 

2054 to 

2058 

Combined and 
Sanitary Pipes 

1.59 1.59 1.59 1.59 1.59 7.95 7.95 7.95 7.95 7.95 7.95 7.95 

Storm Pipes 1.26 1.26 1.26 1.26 1.26 6.32 6.32 6.32 6.32 6.32 6.32 6.32 

Manholes 0.12 0.12 0.12 0.12 0.12 0.61 0.61 0.61 0.61 0.61 0.61 0.61 

Outfalls * * * * * 3.37 3.37 3.37 3.37       

Capital equipment 
(jet trucks, vac 
truck, CCTV truck, 
water truck) 

          1.37   1.37   1.37   1.37 

*KS report with estimates for “A” priority outfalls 
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4.2 Lift Stations 

Total planning-level estimates for capital costs are included in Table 4.2. 

 

Table 4.2. Lift Stations Estimated Capital Costs (million dollars) 

Process Area 2019 2020 2021 2022 2023 
2024 to 

2028 

2029 to 

2033 

2034 to 

2038 

2039 to 

2043 

2044 to 

2048 

2049 to 

2053 

2054 to 

2058 

West Lift Station              0.11      0.11      

Clifton Lagoon Lift 
Station              0.05      0.05      

Process Well 
(Operations 
Building Basement)            0.09      0.09      0.09  

East Lift Station 
(near Animal 
Shelter)              0.05     0.05      

 

 

4.3 WWTP 

Total planning-level estimates for capital costs are included in Table 4.3. 

Triggers that would prompt reevaluation to modify expected remaining useful life, and therefore 

refurbishment year include: 

• Inclusion of condition data, which can be used to modify the remaining useful life of the assets 

 

Table 4.3. Wastewater Treatment Plant Estimated Capital Costs (million dollars) 

Process Area 2019 2020 2021 2022 2023 
2024 to 

2028 

2029 to 

2033 

2034 to 

2038 

2039 to 

2043 

2044 to 

2048 

2049 to 

2053 

2054 to 

2058 

Preliminary 
Treatment  0.02   0.02   0.53  0.50  0.09  0.09  0.59  0.11  0.53  0.11  

Primary Treatment  0.20     1.40  0.01  0.08  0.06  0.20  0.04  0.13  0.01  

Secondary 
Treatment  0.25  0.23    5.79  0.24  4.39  0.11  4.92  0.22  2.26  0.42  

Disinfection    0.03  0.03   0.05  0.07  0.05  0.08  0.65  0.09  0.05  

Sludge Processing  0.65  0.38  0.01  0.03  0.01  1.45  0.46  0.60  1.49  1.48  2.59  0.45  

Other  2.80  1.10  1.56  1.76  1.66  4.32  1.32  2.77  4.42  2.32  1.57  2.52  

HRT    0.02  0.02  0.10  0.34  0.10  2.16  0.10  0.34  0.10  
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4.4 Water Distribution 

Total planning-level estimates for capital costs are included in Table 4.4. 

 

Table 4.4. Water Distribution Estimated Capital Costs (million dollars) 

Asset Type 2019 2020 2021 2022 2023 
2024 to 

2028 

2029 to 

2033 

2034 to 

2038 

2039 to 

2043 

2044 to 

2048 

2049 to 

2053 

2054 to 

2058 

Water Mains 2.28 2.73 3.26 4.03 4.03 20.13 8.75 8.75 8.75 8.75 8.75 8.75 

 

 

4.5 CIP Summary 

A summary of the collection system, wastewater treatment plant and water distribution planning-level 

estimates for capital costs are included in Table 4.5. 

 

Table 4.5. Summary of Estimated Capital Costs (million dollars) 

Process Area 2019 2020 2021 2022 2023 
2024 to 

2028 

2029 to 

2033 

2034 to 

2038 

2039 to 

2043 

2044 to 

2048 

2049 to 

2053 

2054 to 

2058 

Collection System  2.98 2.98 2.98 2.98 2.98 19.61 18.24 19.61 18.24 16.25 14.88 16.25 

WWTP  3.92  1.71  1.62  1.84  9.41  6.67  6.76  3.79  13.86  4.92  7.51  3.67  

Pump Stations   - -   - -  -  0.09  0.21 -  0.09  0.21 -  0.09  

Water Distribution  2.28 2.73 3.26 4.03 4.03 20.13 8.75 8.75 8.75 8.75 8.75 8.75 

Total  9.18 7.42 7.86 8.85 16.42 46.5 33.96 32.15 40.94 30.13 31.14 28.76 
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Attachment A: Data Collection and Review Materials 

To the extent that the data request in this list is not available, the BC team will work with the City and best 

data available for this effort.   Any information, documents, or insights that the City can provide regarding the 

topics below will be helpful to our analysis and development of future capital needs for the City’s Water 

Distribution Wastewater Collection, and Wastewater Treatment Divisions. 

• Water Distribution System Master Plan 

• Water Distribution System Hydraulic Model  

− Current Water System Demands (Billing Data), if not already in hydraulic model  

− Minimum Fire Flow Requirements (Flow and Pressure) 

− Wholesale Agreements with City of Cleveland for purchase of water 

− Location of meters / interconnections with City of Cleveland  

• Wastewater Collection System Hydraulic Model/s  

• Historical water audit results (past 5 years), if available, and most recent Water Conservation Plan and 

Water Loss Reduction Plan 

• GIS data for the Water and Wastewater Collection systems including data layers with attributes for pipes, 

valves, hydrants, appurtenances, pump stations, storage facilities, etc.   

• Integrated Wet Weather Improvement Plan / Long-Term Control Plan and any other available Master 

Plan for the Wastewater Collection and Wastewater Treatment Divisions 

• Asset Management Plans for the Water Distribution, Wastewater Collection, and Wastewater Treatment 

Divisions 

• Projected Growth for the City of Lakewood, including residential/commercial re-development plans, if 

known   

• Historical (past 5-years) and current Capital Improvement Plans (CIP) for the Water Distribution, 

Wastewater Collection, and Wastewater Treatment Divisions 

• Historical (past 5 years) footage of water main replacement and sewer pipe replacement and total cost, 

if not included in the CIP 

• CMMS asset attribute data for Wastewater Treatment assets 

• Industrial User charges/surcharges 
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Attachment B: Wastewater Analysis Assumptions Table 

 

analysis year 2019

Quantity

Year Installed / 

Replaced

Life of 

Equipment 

(years)

Replacement 

Year RUL Total Replacement Cost Notes

Refurbishment 

Description

Refurbi

shmen

t 

interva

l

Perecent 

of 

replacem

ent cost

 Refurbishment 

Cost 

Refurbishment 

Description

Refurbi

shmen

t 

interva

l

Perecent 

of 

replace

ment 

cost

 Refurbishment 

Cost 

Preliminary Treatment Bar Screens 2 2003 25 2028 10 $450,000 (screens/compactors) Refurb 10 10% 45,000$                    

Preliminary Treatment Vortex Grit Tanks 2 2003 20 2023 5 $500,000 Drive Units - 2003 Coating 5 1% 5,000$                        
Rehabilitation / 

Crack Repair
8 3% 15,000$             

Preliminary Treatment Grit Pumps 2 2014 20 2034 16 incl. above Refurbish 5 4,000$                        

Preliminary Treatment Cyclones 2 2003 20 2023 5 incl. above Rebuilt - 2003 Refurbish 10 10,000$                    

Preliminary Treatment Grit Classifiers 1 2003 20 2023 5 incl. above  (new screws every 2 years)Replace screws 2 20,000$                    

Primary Treatment Primary Settling Tanks 4 1983 40 2023 5 $1,400,000 
$400,000 (collectors)

$1,000,000 (structure)  
Coating 5 1%  $                    14,000 

Rehabilitation / 

collectors
10 5%  $             70,000 

Primary Treatment Drive Units 4 1983 20 2003 0 $120,000 Cast Iron Drive Units - 1983

Primary Treatment Primary Sludge Pumps with VFDs (800 gpm) 2 2002 15 2017 0 $50,000 (no current problems)

Primary Treatment Primary Scum Pumps (no VFDs) 2 1983 25 2008 0 $30,000

Secondary Treatment Aeration Tanks (structure) 8 1983 40 2023 5 $2,500,000 
$2,500, 000 (structure)

Coating 5 1%  $                    25,000 
Rehabilitation / 

Crack Repair
8 3%  $             75,000 

Secondary Treatment Aeration Tanks (existing ceramic air diffusers) 1983 40 2023 5 $2,000,000 
$2,000,000 (new membrane 

diffusers) 
Rehabilitation 8 3%  $                    60,000 

Secondary Treatment Aeration Tanks  air diffuser piping) 1983 50 2033 15 $2,000,000 

Secondary Treatment Aeration Tank Blowers 3 2013 20 2033 15 $2,000,000

Bearings, seals, 

and major 

maintenance

10 30% 600,000$                 

Secondary Treatment

Secondary Clarifiers 

(4 installed 1965, 2 added/installed 1983, partial 

refurbish in 2017/2018---extends RUL by ~15 

yrs)

6 1983 40 2040 22 $3,750,000 

$3,750,000 (structure)

Rehab: concrete work and 

Floors Replaced - 2017 for 

$1.2 M for 4 of 6. Remaining 

2 to be done in 2018)

Coating 5 1%  $                    37,500 Rehabilitation 10 5%  $         187,500 

Secondary Treatment Secondary Clarifiers mechanism 6 1983 40 2023 5 $690,000 
$ 690,000 (collectors)

Collector Mechanisms - 1983

Rehabilitation / 

collectors
10 1%  $                        6,900 

Secondary Treatment Drive Units 6 1983 20 2003 0 $180,000 

Secondary Treatment RAS Pumps (800-1500 gpm) (VFDs) 5 2010 15 2025 7 $175,000 Pumps 2006/ VFDs 2016

Secondary Treatment Dewatering Pumps (gravity fed) (VFDs) 3 2017 20 2037 19 $45,000 Pumps/VFDs - 2017

Secondary Treatment Secondary Scum Pumps (no VFDs) 4 1983 25 2008 0 $20,000

Secondary Treatment

Spray Water Pumps (for hosing down tanks) 

(no VFDs)
3 1983 20 2003 0 $45,000

Disinfection Disinfection Tanks 2003 40 2043 25

Upgraded - 2003

Tanks will no longer be used 

once new HRT is designed (had 

$692,000 in for replacement 

cost) Coating 5 1% -$                              

Rehabilitation / 

Crack Repair 8 3% -$                       

Disinfection Sodium Aluminate Storage Tank 1 2011 20 2031 13 $15,000 Coating 5 1% 150$                             

Rehabilitation / 

Crack Repair 8 3% 450$                     

Disinfection Sodium Aluminate Feed Diaphragm Pumps (VFDs) 2 2011 10 2021 3 $28,000

Disinfection Ultraviolet Light Bulbs 2021 25 2046 28 $650,000 

(slated to be upgraded with 

new HRT design in the next 3-

5 years)

$500,000 (equipment)

 $150,000 (structure)

Bulb replacement 3  $                    25,000 

Sludge Processing Gravity Sludge Thickening Tanks 2 1965 40 2005 0 $454,000 
$100,000 (collectors)

$454,000 (tanks)
Coating 5 1%  $                        4,540 

Rehabilitation / 

Crack Repair
8 3%  $             13,620 

Sludge Processing Collectors 2 1965 20 1985 0 $100,000 

Sludge Processing Drive Units 2 2010 20 2030 12 $60,000 

Sludge Processing

Sludge Thickening Pumps 

(sludge to digesters) (VFDs)
2 2015 10 2025 7 $50,000

Sludge Processing Primary Digester Tanks (Anaerobic) 2 2019 40 2059 41 $4,500,000
This is design build now 

(2017)…$4.5 M
Coating 5 1% 45,000$                    

Rehabilitation / 

Crack Repair
8 3% 135,000$         

Sludge Processing Secondary Digester Tanks (Anaerobic) 2 2010 40 2050 32 $2,000,000

Original Tanks - 1938

Major Rehab - 2010

(rehab was >$1M and incl. 

tank lids replaced)

Coating 5 1% 20,000$                    
Rehabilitation / 

Crack Repair
8 3% 60,000$             

Sludge Processing Secondary Digester Tank (Anaerobic) Mixers 2 2010 10 2020 2 $50,000 -$                              -$                       

Sludge Processing Sludge Recirculation Pumps (300 gpm) 2 2007 10 2017 0 $40,000 Refurb 2 10,000$                    

Sludge Processing Sludge Grinders 2 2007 10 2017 0 $60,000

Sludge Processing Secondary Digester Mixing Pumps (1500 gpm) 2 2010 10 2020 2 $40,000

Sludge Processing Sludge Transfer Pump 1 2010 10 2020 2 $30,000

Sludge Processing
Boilers and Heat Exchangers 

(to keep sludge in temp)
2 2019 20 2039 21 $600,000 Refurb 10 10% 60,000$                    

Sludge Processing Methane Gas Meters (for measuring gas produced) 5 2012 10 2022 4 $25,000

Sludge Processing Sludge Storage Tank 1 1983 40 2023 5
Tank is not in use (would be 

~$450,000)
Coating 5 1% -$                              

Rehabilitation / 

Crack Repair
8 3% -$                       

Sludge Processing Belt Filter Press (sludge dewater process) 2 2007 20 2027 9 $800,000

Bearings, seals, 

and major 

maintenance

7 30% 240,000$                 

Sludge Processing Sludge Conveyor Belt 1 2007 20 2027 9 $150,000 Belt replacement 5 5% 7,500$                        

Sludge Processing Polymer Feed Pumps 4 2007 20 2027 9 $150,000 Refurb 10 7,500$                        

Sludge Processing Polymer Batch Tank 1 2007 20 2027 9 incl. above

Sludge Processing Polymer Holding Tank 1 2007 20 2027 9 incl. above

Other Emergency / Backup Generator 1 2007 20 2027 9 $1,000,000 Refurb 10 20% 200,000$                 

Other Digester GenSet (future) 1 2019 15 2034 16 $250,000

Other

Electric Boilers 

(booster boiler for hot water for bldgs.)
1 1990 20 2019 1 $300,000

Other

Hot water pumps to circulate water 

throughout plant
 1983 20 2020 2 $100,000

Other

Freight Elevator 

(no structural/cable issues, only control)
1 1965 20 2021 3 $300,000

Other

HVAC System - Operations & Screenings/

Grit Buildings
 1983 20 2022 4 $500,000

Other HVAC System - Digester Building  1991 20 2023 5 $400,000

Other LED Lighting 2016 20 2036 18 $1,000,000

Other
Miscellaneous (architectural enhancements) 1965 1 2021 0 $263,158

Other Electrical infrastructure 1965 40
2019 0

$1,000,000

Other SCADA System 1965 20

2017 0

$1,500,000

HRT Screens 2 2021 20 2041 23 $480,000

HRT Grit Removal 2 2021 20 2041 23 $315,000

HRT Grit Pumps 3 2021 20 2041 23 $30,000 Refurbish 5 6,000$                        

HRT Actiflow System 1 2021 40 2061 43 $3,950,000
Refurbish, replace 

pumps, etc
10 5% 197,500$                 Maint (exercise equip) 1 0.50% 19,750$             

HRT Actiflow Polymer Tank 1 2021 20 2041 23 $10,000

HRT UV Disinfection (2 banks) 1 2021 20 2041 23 $650,000

HRT Slide Gates 12 2021 20 2041 23 $180,000

HRT Emergency / Backup Generator 1 2021 20 2041 23 $200,000 Refurb 10 20% 40,000$                    

HRT (2017 thru 2021)

HRT only used 10-15x per 

year (based on usage)

Phase CIPs over x years

No cost for initial 2 years and 

phase CIPs over remaining 38 

years. Electrical $1M/yr next 

7 years (was $10M for misc, 

and $13.3M for elec)

Lakewood WWTP

Avg. Daily Flow: 5-6 mgd; Max. Flow Capacity: 40 mgd

1699 Cleveland Metro Park Drive, Cleveland, OH 44107

Spread each item over next 5 

years (maybe one item per 

year)

(may not need electric boilers 

in future)
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Attachment C: Water Main Replacement Projects 

• Water Main Replacement Priorities 2018 - 2022  

• Water Mains that Require Update in the Water Main Inventory  
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Water Main Replacement Priorities 2018 - 2022  

Projects highlighted in blue require additional investigation. The age and performance of the pipe are 

inconsistent.  

 

 

 

Water Mains that Require Update in the Water Main Inventory  

 

line_no Street_Name Limits Length Age Material

Main 

Breaks per 

1000 LF

WCR

585 Lincoln Madison to Franklin 1454 99 Cast Iron 6 22.961073

428 Scenic Detroit to South End 350 100 Cast Iron 6 25.714286

644 Webb Northwood to R.R. Tracks 550 110 Cast Iron 5 26.272727

240 Estill Drive Edgewater to North End 350 79 Cast Iron 6 27.814286

429 Seneca Ogontz to Woodward 900 88 Cast Iron 6 27.866667

565 Kenneth (east side) Lake to North End 550 92 Cast Iron 5 28.072727

278 Hathaway Merl to Clifton 1300 93 Cast Iron 5 28.392308

378 Northland Delaware to Margaret 750 91 Cast Iron 5 28.9

344 Mars Athens to Madison 1187 97 Cast Iron 5 29.971441

315 Lakewood Hts. Blvd. Riverside to McKinley 1600 95 Cast Iron 5 30.5

256 French Andrews Ln to Clifton Blvd 1550 6 Cast Iron 6 30.690323

381 Northland Fischer to South Marginal 400 84 Cast Iron 5 31.6

143 Bonnieview Detroit to Clifton Blvd. 2150 103 Cast Iron 5 31.793023

629 Summit Clifton to Lake 450 110 Cast Iron 4 32.333333

631 Thoreau R.R. Tracks to 750' S Clifton Blvd.  450 95 Cast Iron 4 33.833333

127 Atkins Delaware to Hilliard 910 97 Cast Iron 4 33.926374

340 Marlowe Athens to Madison 1150 99 Cast Iron 4 34.013043

306 Lakeland Delaware to Madison 2100 102 Cast Iron 4 34.085714

164 Chesterland Madison to Franklin  1400 100 Cast Iron 4 34.285714

400 Parkwood Franklin to Detroit 1500 76 Cast Iron 5 34.4

346 Mars Madison to Hilliard 950 103 Cast Iron 4 34.436842

607 Nicholson Detroit to Clifton Blvd. 2100 108 Cast Iron 4 36.342857

106 Andrews Ave. Detroit to Clifton Blvd. 2400 110 Cast Iron 4 36.5

326 Lewis Drive Madison to Lkwd Hts. 2650 99 Cast Iron 4 37.458491

327 Lewis Drive Madison to Franklin 1400 100 Cast Iron 4 38.571429

655 Woodward Fischer to Seneca 450 37 Ductile Iron 7 56.3

645 Webb Detroit to Northwood 500 13 Ductile Iron 6 62.7

575 Lake Ave.(north side) Erie Cliff to Maple Cliff 400 43 Ductile Iron 5 65.7

144 Bramley Waterbury to East End 450 57 Cast Iron 4 67.633333

460 Warren Hilliard to Detroit 1140 59 Cast Iron 4 73.047368

151 Bunts Detroit to Merl 700 7 Cast Iron 4 73.585714

34,191     TOTAL LF

line_no Street_Name Limits Length Age Material Main Breaks per 1000 LF WCR

447 Sylvan Lake to Edgewater 650 101 Cast Iron 9 4.515385

547 Fischer Woodward to Northland 300 87 Cast Iron 10 31.3

566 Kenneth (west side) Lake to North End 600 92 Cast Iron 12 -9.2

506 Athens Mars to Reveley 500 91 Cast Iron 12 -11.1

325 Lewis Drive Franklin to Waterbury 1250 5 Ductile Iron 16 3.5

182 Clifton Road (north) Clifton Blvd. To Lake Rd. 596 41 Ductile Iron 8 45.56443

3,896     Total 
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City of Lakewood 
Integrated Wet Weather Improvement Plan Phase II 

1997 Financial Capabilities Assessment 

This ten-step approach to evaluating a utility’s financial capability was first presented in the 1997 CSO 
Guidance for Financial Capability Assessment and Schedule Development (1997 Guidance). The 
methodology described in this publication is divided into two phases: the first calculates the financial 
impact of wastewater and CSO controls on individual households, and the second focuses on the City’s 
debt, socioeconomic and financial conditions. The results from the first and second phase are combined to 
give an overall assessment of the City’s financial capabilities. The information presented below describes 
each step and the referenced line numbers refer to the numbering system used in the 1997 Guidance 
document. 

Phase One – Customer Rate Burden (The Residential Indicator) 
The first step is determining the cost to operate the system per household. The EPA guideline 
recommends splitting the total annual debt service and operating and maintenance expenses, current and 
projected, between the number of households’ in the system’s service area to approximate the cost each 
household is responsible for. The current annual debt service and operations and maintenance (O&M) 
expenses are based on the 2019 adopted budget. The annual O&M for 2019 are approximately $8.99 
million and the total debt service cost is projected to be approximately $2.29 million.  

While there are likely to be some incremental operating costs related to the IWWIP and asset 
management capital investments, no additional and incremental operating costs have been added to the 
assessment (line 103).  

The projected costs are based on the joint capital investment needed to support the IWWIP and the 
necessary asset management and repair and replacement (R&R) investments. The IWWIP costs include a 
total investment of $177,133,175. This includes construction of the currently underway high-rate 
treatment facility because no debt service is currently included in the existing debt service (line 101). The 
asset management and R&R costs needed to rehabilitate the aging sewer system are projected to be 
$161,534,000 based on a thirty-year planning period. The total capital investment included in the 
financial capability assessment is $338,667,175. The estimated debt service payment for this investment 
is based on a 30-year loan with a 5.50% interest rate and is projected to be $23,802,182 annually (line 
104).  

The total of the current and projected costs is $34,528,612 (line 106). Based on US Census information, 
the total number of households within the City’s service area is 24,354. The City’s billing system does not 
report on the number of residential customers and commercial customers. Based on property tax 
information, approximately 93% of Lakewood parcels are zoned residential, which includes multi-family 
properties. Due to the significant prevalence of multi-family properties throughout the City, it was 
assumed that a reasonable number for the residential share of costs is 95%. The resulting cost per 
household is $1,337 for the sewer system. 
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Once the cost per household is determined, a residential indicator score is then calculated. The score is 
based on the cost per household as a percentage of the service area’s median household income (MHI). 
According to 2017 US Census data, the MHI for the City of Lakewood was $48,701. The average annual 
change in the consumer price index for the past five years was 1.46%. This value is used as an annual 
escalation rate that is applied to the 2017 MHI to yield a $49,412 adjusted MHI. The cost per household 
represents 2.71% of adjusted household income, as shown below. 

 
  

WORKSHEET 1 - COST PER HOUSEHOLD
Line No. Current Costs

100 Annual Operations and Maintenance Expenses (Excluding Depreciation) $  8,997,144
101 Annual Debt Service (Principal and Interest) $  2,229,341
102 Subtotal $  11,226,485

Projected Costs
103 Estimated Annual Operations and Maintenance Expenses (Excluding Depreciatio $  0
104 Annual Debt Service (Principal and Interest) $  23,302,127
105 Subtotal $  23,302,127

106 Total Costs (Excludes revenue from counties as an offset) $  34,528,612

107 Residential Share of Total Costs $  32,802,182

108 Total Number of Households in Service Area 24,534

109 Cost Per Household $  1,337

WORKSHEET 2 - RESIDENTIAL INDICATOR
Line No. Median Household Income

201 Census Year MHI $  48,701
202 MHI Adjustment Factor 101.46%
203 Adjusted MHI $  49,412

204 Annual Cost Per Household $  1,337

205 Residential Indicator Score 2.706%
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Phase Two – Community Financial Strength (Permittee Financial Capability 
Indicators) 
The second phase of the 1997 Guidance focuses on three general categories of financial capability 
indicators in an assessment of the community financial strength.  The permitee indicators examine the 
community’s debt burden, socioeconomic conditions, and financial operations. 

The first indicator is the bond rating. The City received an updated credit rating from Moody’s rating 
agency on February 25, 2019. Moody’s re-affirmed the City’s Aa2 rating in relation to its 2019 bond 
issue (Line 302). This rating is considered strong. The City does not have enterprise fund credit ratings.  

 
 

The net system debt as a percent of full market property value of property (FMV) measures the debt 
burden on residents and the ability of the System to issue additional debt. The debt included in the 
calculation “excludes general obligation bonds that are payable from some dedicated user fees or specific 
revenue source other than the general tax revenues” (EPA, p 24). Taken from the CY 2017 
Comprehensive Annual Financial Report for the City of Lakewood (CAFR), the total general obligation 
debt outstanding is $31.7 million (Line 401). From the same report, the FMV of real property in 2017 was 
$901 million (Line 404). The resulting indicator is 3.52%; any value between 2% and 5% is considered 
mid-range.   

 
Unemployment rates are used to assess the general well-being of residential users in the System’s service 
area. The unemployment rate is taken from the December 2018 Bureau of Labor Statistics unemployment 
data. The City of Lakewood had an unemployment rate of 3.8% (Line 501); the national average was 
3.9% (Line 503). The City has an unemployment rate that is 0.1% below the national average which is 
considered a mid-range indicator.  

WORKSHEET 3 - BOND RATING
Line No. 

301 Most Recent General Obligation Bond Rating Aa2
Date 9/28/2018
Rating Agency Moody's

302 Most Recent Revenue (Water or Sewer) Bond Rating
Date
Rating Agency
Bond Insurance

303 Summary Bond Rating AA

WORKSHEET 4 - OVERALL NET DEBT AS A PERCENT OF FULL MARKET PROPOERT VALUE
Line No.

401 Direct Net Debt $  31,762,253
(G.O. Bonds Excluding Double-Barreled Bonds)

402 Debt of Overlapping Entities $  0
(Proportionate Share of Multijurisdictional Debt)

403 Overall Net Debt $  31,762,253

404 Market Value of Property $  901,369,840

405 Net Debt as Percent of FMV 3.52%
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The next indicator compares system MHI relative to the national median household income to analyze a 
community’s earning capacity. The national MHI for 2017 was $57,652. As mentioned previously, the 
five-year average increase in the CPI was used to apply an escalation of 1.46% was used to adjust the 
MHI resulting in an adjusted national MHI of $58,494. The difference between the national and city MHI 
($49,412) is 18.4%. An income variance within 25% of the national average is considered mid-range. 

 
 

Worksheet 7 measures the tax revenue generated from a system’s full market value of real property. The 
same full market value used to determine the debt burden (line 404) is also used for this calculation. Ad 
Valorem taxes collected in 2017 were $15.63 million (Line 702) based on the City’s 2017 Comprehensive 
Annual Financial Report. The tax revenue equates to 1.73% of the full market value. Any indicator below 
2.0% is considered strong.  

 
 

The tax collection rate is used as an indicator of tax collection efficiency. As mentioned, in 2017 $15.63 
million of Ad Valorem taxes were collected. This compares to $16.21 million in Ad Valorem taxes that 
were levied (Line 802) which results in a property tax collection rate of 96.38% (Line 803). The 
collection rate between 94.0% and 98.0% is considered a mid-range indicator. 

 
 

To arrive at the overall Permittee Financial Capability Indicator, we combine the six indicators on a 
common scale. A weak indicator is allocated one point, a mid-range indicator is allocated two points, and 

WORKSHEET 5 - UNEMPLOYMENT RATE
Line No. 

501 Unemployment Rate - Permittee 3.80%
502 Unemployment Rate - County 5.00%

(If Permittee's Rate is unavailable)
503 Benchmark - US National Unemployment Rate 3.90%

WORKSHEET 6 - MEDIAN HOUSEHOLD INCOME
Line No. 

601 Median Household Income - Permittee $  49,412

602 Census Year National MHI $  57,652
603 MHI Adjustment Factor 101.46%
604 Adjusted National MHI $  58,494

WORKSHEET 7 - PROPERTY TAX REVENUES AS A PERCENT OF FULL MARKET PROPERTY VALUE
Line No. 

701 Full Market Value of Real Propoerty $  901,369,840
702 Property Tax Revenue $  15,626,283
703 Tax Revenue as Percent of FMV 1.73%

WORKSHEET 8 - PROPERTY TAX REVENUE COLLECTION RATE
Line No.

801 Propoerty Tax Revenue Collected $  15,626,283
802 Property Taxes Levied $  16,213,190
803 Property Tax Collection Rate 96.38%
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Residential Indicator
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a strong indicator is allocated three points. The City of Lakewood has strong indicators for their bond 
rating and tax revenue as a percent of FMV. Overall net debt as percent of FMV, median household 
income, unemployment rate, and property tax collection rate, all calculate as mid-range. The average of 
these, and the Permittee Financial Capability Indicator, is 2.3. 

 
 

The final step of the 1997 Guidance is to combine the residential indicator and the permitee score using 
the matrix provided in the document. The final calculations for the City of Lakewood’s financial 
capability assessment are presented below. The residential indicator is well above the high burden 
threshold of 2.0% and the permitee score of 2.3 is mid-range. These values are plotted on the matrix as 
well.  

 
  

  

WORKSHEET 9 - SUMMARY OF PERMITTEE FINANCIAL CAPABILITY INDICATORS
Column A Column B

Line No. Indicator Actual Value Score
901 Bond Rating AA 3.0
902 Overall Net Debt as a Percent of FMV 3.52% 2.0
903 Unemployment Rate 3.80% 2.0
904 Median Household Income $  49,412 2.0
905 Tax Revenue As Percent of FMV 1.73% 3.0
906 Property Tax Collection Rate 96.38% 2.0
907 Permittee Financial Capability Indicators Score 2.3

WORKSHEET 10 - FINANCIAL CAPABILITY MATRIX SCORE
Line No. 

1001 Residential Indicator Score 2.706%
1002 Permittee Financial Capability Indicators Score 2.3
1003 Financial Capability Matrix Category High Burden
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City of Lakewood
Utility Funding and Affordability Analysis
Summary of Water System Cash Flows

CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028
Actual Budget Projected Projected Projected Projected Projected Projected Projected Projected Projected

Water System Revenues
Water User Charges 10,954,894$ 11,441,839$ 11,950,429$ 12,481,625$ 13,036,434$ 13,615,903$ 14,018,934$ 14,433,894$ 14,861,137$ 15,301,027$ 15,753,937$
Miscellaneous User Fees 130,530 130,530 130,530 130,530 130,530 130,530 130,530 130,530 130,530 130,530 130,530
Other Miscellaneous Revenue 254,309 254,309 254,309 254,309 254,309 254,309 254,309 254,309 254,309 254,309 254,309- - - - - - - - - - -

Total Water System Revenues 11,339,733$ 11,826,678$ 12,335,268$ 12,866,465$ 13,421,273$ 14,000,742$ 14,403,773$ 14,818,733$ 15,245,977$ 15,685,866$ 16,138,777$

Water System Revenue Requirements
Operating Expenses

Salaries and Benefits 1,287,721$ 1,302,666$ 1,347,054$ 1,393,012$ 1,440,599$ 1,489,874$ 1,540,900$ 1,593,741$ 1,648,466$ 1,705,143$ 1,763,846$
Contractual Services 922,339 732,400 760,653 790,004 820,497 852,177 885,089 911,642 938,991 967,161 996,176
Materials & Supplies 330,780 352,400 362,972 373,861 385,077 396,629 408,528 420,784 433,408 446,410 459,802
Purchased Water 5,058,671 6,020,000 6,200,600 6,386,618 6,578,217 6,775,563 6,978,830 7,188,195 7,403,841 7,625,956 7,854,735
Other 515,638 652,023 671,584 691,731 712,483 733,858 755,874 778,550 801,906 825,964 850,742
Utilities 52,825 59,150 60,925 62,752 64,635 66,574 68,571 70,628 72,747 74,929 77,1771 - - - - - - - - - - -

Subtotal: Operating Expenses 8,167,975$ 9,118,639$ 9,403,787$ 9,697,979$ 10,001,507$ 10,314,674$ 10,637,792$ 10,963,540$ 11,299,359$ 11,645,563$ 12,002,478$

Debt Service
Existing Debt Service 1,026,943$ 963,816$ 953,075$ 856,002$ 859,692$ 786,827$ 718,608$ 702,199$ 703,699$ 698,899$ 698,499$
Future Debt Service - 163,125 634,930 684,474 810,576 849,210 1,003,405 1,050,661 1,226,650 1,280,608 1,466,997
BAN Interest Payments 178,215 86,310 42,404 67,208 46,530 82,170 56,830 93,766 61,038 99,282 63,7121 - - - - - - - - - - -

Subtotal: Debt Service 1,205,158 1,213,251 1,630,408 1,607,683 1,716,797 1,718,207 1,778,844 1,846,627 1,991,386 2,078,789 2,229,209

Capital and Other Expenditures
CIP Paygo 2,400,000 566,100 1,093,300 1,409,800 1,459,400 1,754,500 1,786,400 1,818,300 1,850,200 1,882,100 1,914,000
Capital Leases 416,209 416,820 373,165 342,175 301,843 241,315 231,323 231,323 231,323 231,323 155,6901 - - - - - - - - - - -

Subtotal: Capital and Other Expenditures 2,816,209 982,920 1,466,465 1,751,975 1,761,243 1,995,815 2,017,723 2,049,623 2,081,523 2,113,423 2,069,690- - - - - - - - - - -
Total Water System Revenue Requirements 12,189,342$ 11,314,810$ 12,500,660$ 13,057,637$ 13,479,547$ 14,028,697$ 14,434,358$ 14,859,790$ 15,372,268$ 15,837,774$ 16,301,377$

Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok

Annual Cashflow: Surplus/(Deficit) (849,609)$ 511,868$ (165,392)$ (191,172)$ (58,274)$ (27,955)$ (30,585)$ (41,056)$ (126,291)$ (151,908)$ (162,600)$
% Revenue Shortfall 8% 1% 2% 0% 0% 0% 0% 1% 1% 1%
% Change Total Water System Revenue 5% 4% 4% 4% 4% 4% 3% 3% 3% 3% 3%
% Change Total Water System Revenue Requirements 25% -7% 10% 4% 3% 4% 3% 3% 3% 3% 3%

Operating Cash Reserves 7,490,741$ 8,002,609$ 7,837,218$ 7,646,046$ 7,587,771$ 7,559,816$ 7,529,231$ 7,488,174$ 7,361,883$ 7,209,975$ 7,047,375$
Days Cash On Hand 330  days 316  days 300  days 284  days 273  days 264  days 255  days 246  days 235  days 223  days 211  days
Total Debt Coverate Ratio 2.63x 2.23x 1.80x 1.97x 1.99x 2.15x 2.12x 2.09x 1.98x 1.94x 1.86x

Water Rate Escalation (Manual Entry) 5.00% 5.50% 5.50% 5.50% 5.50% 5.50% 4.00% 4.00% 4.00% 4.00% 4.00%
Required Water Rate Escalation 8.00% 1.00% 2.00% 0.00% 0.00% 0.00% 0.00% 1.00% 1.00% 1.00%
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City of Lakewood
Utility Funding and Affordability Analysis
Actual and Budget Input

CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028
Water System O&M Budget Budget Projected Projected Projected Projected Projected Projected Projected Projected Projected

Fund 501 (Water Operating Expenses)
Water Administration

Salaries and Wages 153,195$ 156,448$ 161,141$ 165,975$ 170,955$ 176,083$ 181,366$ 186,807$ 192,411$ 198,183$ 204,129$
Personnel Benefits 70,861 72,688 75,959 79,377 82,949 86,681 90,582 94,658 98,918 103,369 108,021
Uniform and Clothing - - - - - - - - - - -
Travel and Transportation - - - - - - - - - - -
Other Employee Benefits - - - - - - - - - - -
Professional Services 134,500 175,000 182,000 189,280 196,851 204,725 212,914 219,302 225,881 232,657 239,637
Communications 80,850 91,850 94,606 97,444 100,367 103,378 106,479 109,674 112,964 116,353 119,843
Public Works Enterprise A - - - - - - - - - - -
Rents and Leases 950 1,200 1,236 1,273 1,311 1,351 1,391 1,433 1,476 1,520 1,566
Items Purchased for Resale - - - - - - - - - - -
Intra-Governmntl Services 17,500 17,500 18,025 18,566 19,123 19,696 20,287 20,896 21,523 22,168 22,834
Printing and Reproduction 50,000 50,000 51,500 53,045 54,636 56,275 57,964 59,703 61,494 63,339 65,239
Contractual Services 1,800 1,800 1,854 1,910 1,967 2,026 2,087 2,149 2,214 2,280 2,349
Office Supplies 600 600 618 637 656 675 696 716 738 760 783
Operating Supplies 2,100 2,100 2,163 2,228 2,295 2,364 2,434 2,508 2,583 2,660 2,740
Repair Parts & Supplies 500 500 515 530 546 563 580 597 615 633 652
Repair Service - - - - - - - - - - -
Service Agreements 2,200 2,200 2,266 2,334 2,404 2,476 2,550 2,627 2,706 2,787 2,871
Utilities 2,650 2,650 2,730 2,811 2,896 2,983 3,072 3,164 3,259 3,357 3,458
Inter Fund Activity 15,252 - - - - - - - - - -
Inter Departmntl Services - - - - - - - - - - -
Public Works Enterprise B 325,600 403,773 415,886 428,363 441,214 454,450 468,084 482,126 496,590 511,488 526,832
Construction - - - - - - - - - - -
Improvements - - - - - - - - - - -
Machinery and Equipment - - - - - - - - - - -
Computer Equipment - - - - - - - - - - -
Debt Service 5,187,606 7,553,0551 - - - - - - - - - - -

Subtotal: Water Administration 6,046,164$ 8,531,363$ 1,010,498$ 1,043,773$ 1,078,169$ 1,113,727$ 1,150,486$ 1,186,360$ 1,223,370$ 1,261,555$ 1,300,952$

Water Distribution
Salaries and Wages 439,338$ 474,282$ 488,510$ 503,165$ 518,260$ 533,808$ 549,823$ 566,317$ 583,307$ 600,806$ 618,830$
Personnel Benefits 145,123 152,728 159,600 166,782 174,287 182,130 190,326 198,891 207,841 217,194 226,968
Uniform and Clothing 2,000 2,200 2,266 2,334 2,404 2,476 2,550 2,627 2,706 2,787 2,871
Travel and Transportation - - - - - - - - - - -
Other Employee Benefits - - - - - - - - - - -
Professional Services 634,000 452,000 470,080 488,883 508,439 528,776 549,927 566,425 583,418 600,920 618,948
Communications 1,325 2,050 2,112 2,175 2,240 2,307 2,377 2,448 2,521 2,597 2,675
Public Works Enterprise A - - - - - - - - - - -
Rents and Leases - - - - - - - - - - -
Items Purchased for Resale 6,000,000 6,000,000 6,180,000 6,365,400 6,556,362 6,753,053 6,955,644 7,164,314 7,379,243 7,600,620 7,828,639
Intra-Governmntl Services 100,000 100,000 103,000 106,090 109,273 112,551 115,927 119,405 122,987 126,677 130,477
Printing and Reproduction - - - - - - - - - - -
Contractual Services 201,750 1,500 1,545 1,591 1,639 1,688 1,739 1,791 1,845 1,900 1,957
Office Supplies 500 600 618 637 656 675 696 716 738 760 783
Operating Supplies 193,000 170,100 175,203 180,459 185,873 191,449 197,193 203,108 209,202 215,478 221,942
Repair Parts & Supplies 128,500 144,500 148,835 153,300 157,899 162,636 167,515 172,541 177,717 183,048 188,540
Repair Service - - - - - - - - - - -
Service Agreements 5,000 5,050 5,202 5,358 5,518 5,684 5,854 6,030 6,211 6,397 6,589
Utilities 37,500 49,500 50,985 52,515 54,090 55,713 57,384 59,106 60,879 62,705 64,586
Inter Fund Activity - - - - - - - - - - -
Inter Departmntl Services 25,000 25,000 25,750 26,523 27,318 28,138 28,982 29,851 30,747 31,669 32,619
Public Works Enterprise B - - - - - - - - - - -
Construction - - - - - - - - - - -
Improvements 2,100,000 10,625,000 10,943,750 11,272,063 11,610,224 11,958,531 12,317,287 12,686,806 13,067,410 13,459,432 13,863,215
Machinery and Equipment 185,000 244,000 251,320 258,860 266,625 274,624 282,863 291,349 300,089 309,092 318,365
Computer Equipment - - - - - - - - - - -
Debt Service - -1 - - - - - - - - - - -

Subtotal: Water Distribution 10,198,035$ 18,448,509$ 19,008,775$ 19,586,134$ 20,181,108$ 20,794,240$ 21,426,087$ 22,071,724$ 22,736,860$ 23,422,083$ 24,128,003$

Water Metering
Salaries and Wages 299,392$ 317,076$ 326,589$ 336,386$ 346,478$ 356,872$ 367,578$ 378,606$ 389,964$ 401,663$ 413,713$
Personnel Benefits 124,474 128,445 134,225 140,265 146,577 153,173 160,065 167,268 174,795 182,661 190,881
Uniform and Clothing 1,600 1,600 1,648 1,697 1,748 1,801 1,855 1,910 1,968 2,027 2,088
Travel and Transportation - - - - - - - - - - -
Other Employee Benefits 1,000 1,000 1,030 1,061 1,093 1,126 1,159 1,194 1,230 1,267 1,305
Professional Services - 1,050 1,092 1,136 1,181 1,228 1,277 1,316 1,355 1,396 1,438
Communications 75,300 8,050 8,292 8,540 8,796 9,060 9,332 9,612 9,900 10,197 10,503
Public Works Enterprise A - - - - - - - - - - -
Rents and Leases - - - - - - - - - - -
Items Purchased for Resale 25,000 20,000 20,600 21,218 21,855 22,510 23,185 23,881 24,597 25,335 26,095
Intra-Governmntl Services - - - - - - - - - - -
Printing and Reproduction 40,000 - - - - - - - - - -
Contractual Services 2,400 2,400 2,472 2,546 2,623 2,701 2,782 2,866 2,952 3,040 3,131
Office Supplies 500 500 515 530 546 563 580 597 615 633 652
Operating Supplies 6,700 8,200 8,446 8,699 8,960 9,229 9,506 9,791 10,085 10,388 10,699
Repair Parts & Supplies 25,300 25,300 26,059 26,841 27,646 28,475 29,330 30,210 31,116 32,049 33,011
Repair Service - - - - - - - - - - -
Service Agreements 25,200 40,200 41,406 42,648 43,928 45,245 46,603 48,001 49,441 50,924 52,452
Utilities 6,000 7,000 7,210 7,426 7,649 7,879 8,115 8,358 8,609 8,867 9,133
Inter Fund Activity - - - - - - - - - - -
Inter Departmntl Services - - - - - - - - - - -
Public Works Enterprise B - - - - - - - - - - -
Construction - - - - - - - - - - -
Improvements - - - - - - - - - - -
Machinery and Equipment - - - - - - - - - - -
Computer Equipment - - - - - - - - - - -
Debt Service - -1 - - - - - - - - - - -

Subtotal: Water Metering 632,865$ 560,821$ 579,583$ 598,995$ 619,080$ 639,863$ 661,368$ 683,610$ 706,628$ 730,448$ 755,102$1 - - - - - - - - - - -
Subtotal: Fund 501 16,877,065$ 27,540,694$ 20,598,857$ 21,228,901$ 21,878,357$ 22,547,830$ 23,237,942$ 23,941,695$ 24,666,858$ 25,414,087$ 26,184,058$- - - - - - - - - - -

Total: Water System O&M 16,877,065$ 27,540,694$ 20,598,857$ 21,228,901$ 21,878,357$ 22,547,830$ 23,237,942$ 23,941,695$ 24,666,858$ 25,414,087$ 26,184,058$
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City of Lakewood
Utility Funding and Affordability Analysis
Water System Debt Service

CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028
Existing Water Debt Service

Water Bonds Debt Service
Water Main Mortgage Revenue Bonds - 1995 - - - - - - - - - - -
2016A Go Bonds 44,681 45,077 35,736 35,363 35,613 35,035 35,618 - - - -
2016 LTGO BONDS-REFUNDING 606,260 605,160 603,760 604,260 607,700 600,100 608,100 605,600 607,100 602,300 601,9001 - - - - - - - - - - -

Subtotal Existing Water Bonds Debt Service: 650,941$ 650,237$ 639,496$ 639,623$ 643,313$ 635,135$ 643,718$ 605,600$ 607,100$ 602,300$ 601,900$

Water Loans Debt Service
OPWC; CA21A; 1997 Water Mains 62,423 - - - - - - - - - -
OPWC; CA08B; 1998 Water Mains 97,201 97,201 97,201 - - - - - - - -
OPWC; CA18D; 2000 Water Mains 49,731 49,731 49,731 49,731 49,731 24,865 - - - - -
OPWC; CA15E; 2001 Water Mains 79,642 79,642 79,642 79,642 79,642 39,821 - - - - -
OPWC; CA09G; 2003 Belle Ave Water Main 24,232 24,232 24,232 24,232 24,232 24,232 12,116 - - - -
OPWC; CA11R/CA12R; 2014 Water Mains 62,774 62,774 62,774 62,774 62,774 62,774 62,774 62,774 62,774 62,774 62,774

1 - - - - - - - - - - -
Subtotal Existing Water Loans Debt Service 376,002$ 313,579$ 313,579$ 216,379$ 216,379$ 151,692$ 74,890$ 96,599$ 96,599$ 96,599$ 96,599$

Total Existing Water Debt Service: 1,026,943$ 963,816$ 953,075$ 856,002$ 859,692$ 786,827$ 718,608$ 702,199$ 703,699$ 698,899$ 698,499$

Projected Debt Service
Future GO/Revenue Bonds -$ 163,125$ 385,410$ 434,954$ 561,056$ 599,691$ 753,886$ 801,142$ 977,130$ 1,031,089$ 1,217,478$
Future SRF Loans - - 249,519 249,519 249,519 249,519 249,519 249,519 249,519 249,519 249,5191 - - - - - - - - - - -

Total: Projected Debt Service -$ 163,125$ 634,930$ 684,474$ 810,576$ 849,210$ 1,003,405$ 1,050,661$ 1,226,650$ 1,280,608$ 1,466,997$1 - - - - - - - - - - -
Total Existing and Future Water Debt Service: 1,026,943$ 1,126,941$ 1,588,005$ 1,540,475$ 1,670,267$ 1,636,037$ 1,722,013$ 1,752,860$ 1,930,349$ 1,979,507$ 2,165,496$

Water System Capital Lease Debt Service
2011 Equipment Lease (Schedule 4) 75,909 75,909 31,629 - - - - - - - -
2013 Equipment Lease (Schedule 7) 81,972 81,972 81,972 81,972 40,986 - - - - - -
2014 Equipment Lease (Schedule 2 & 3) 140,455 141,066 141,691 142,330 142,983 123,442 113,450 113,450 113,450 113,450 37,817
2015 Equipment Lease (Schedule 1) 117,873 117,873 117,873 117,873 117,873 117,873 117,873 117,873 117,873 117,873 117,8731 - - - - - - - - - - -

Current Capital Lease Debt Service 416,209$ 416,820$ 373,165$ 342,175$ 301,843$ 241,315$ 231,323$ 231,323$ 231,323$ 231,323$ 155,690$
Future Capital Lease Debt Service - - - - - - - - - - -1 - - - - - - - - - - -

Total Capital Lease Debt Service 416,209$ 416,820$ 373,165$ 342,175$ 301,843$ 241,315$ 231,323$ 231,323$ 231,323$ 231,323$ 155,690$
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City of Lakewood
Utility Funding and Affordability Analysis
Capital Improvements Plan & Financing

CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028
Capital Improvement Projects

2017 Watermain Replacement Project 4,342,420$ -$
2018 Watermain Replacement Project 2,560,333 1,200,082
2019 Watermain Replacement Project 8,000,000
2020 Watermain 75,000 75,000
Distribution Lines 520,340 - - - - - - -
Storage Tanks - - - - - - - - 500 500 500
Vehicles & Fleet 223,153 140,000 - 185,000 - - - -
Other Miscellaneous 36,000 - - - - - - -
Water and Sewer asset management software 50,000 25,000 25,000 25,000 25,000 25,000 25,000 25,000 25,000 25,000
2019 Water Main Design 340,000
Additional Capital Needs - - 250,000 250,000 250,000 250,000 250,000 250,000 250,000 250,000 250,000
Recurring Watermain Replacement (Long-Term R&R) - 1,702,500 2,040,000 2,452,500 2,940,000 2,940,000 2,940,000 2,940,000 2,940,000 2,940,000- - - - - - - - - - -

Total: Capital Improvement Projects 7,682,246$ 9,805,082$ 2,052,500$ 2,500,000$ 2,727,500$ 3,215,000$ 3,215,000$ 3,215,000$ 3,215,500$ 3,215,500$ 3,215,500$

Annual Cost Inflation 0.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0%
Cumulative Inflation Rate 100.0% 102.0% 104.0% 106.0% 108.0% 110.0% 112.0% 114.0% 116.0% 118.0% 120.0%- - - - - - - - - - -
Total: Capital Improvement Projects (Nomial Dollars) 7,682,300$ 10,001,200$ 2,134,600$ 2,650,000$ 2,945,700$ 3,536,500$ 3,600,800$ 3,665,100$ 3,730,000$ 3,794,300$ 3,858,600$

Long-Term R&R Needs - 2,270,000 2,720,000 3,270,000 3,920,000 3,920,000 3,920,000 3,920,000 3,920,000 3,920,000

Capital Financing Plan
Net Capital Financing Needs 7,682,300$ 10,001,200$ 2,134,600$ 2,650,000$ 2,945,700$ 3,536,500$ 3,600,800$ 3,665,100$ 3,730,000$ 3,794,300$ 3,858,600$

Capital Financing Sources
OPWC Grant 1,660,415$ 2,040,000$ -$ -$ -$ -$ -$ -$ -$ -$ -$
OPWC Loan - 4,080,000 - - - - - - - - -
Bond Anticipation Notes (BANs) 2,315,500 3,315,100 1,041,300 1,240,200 1,486,400 1,782,000 1,814,400 1,846,800 1,879,800 1,912,200 1,944,600
Other Misc. Grants & Contributions 1,300,000 - - - - - - - - - -
Cash Financing of Construction (PAYGO) 2,400,000 566,100 1,093,300 1,409,800 1,459,400 1,754,500 1,786,400 1,818,300 1,850,200 1,882,100 1,914,000- - - - - - - - - - -

Subtotal: Capital Financing Sources 7,675,915$ 10,001,200$ 2,134,600$ 2,650,000$ 2,945,800$ 3,536,500$ 3,600,800$ 3,665,100$ 3,730,000$ 3,794,300$ 3,858,600$
Capital Financing Shortfall 6,385$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$

Construction/Bond Fund
Beginning Balance

Additions:
Bond Proceeds (36,250)$ 32,366$ -$ 25,203$ -$ 30,814$ -$ 35,162$ -$ 37,231$ -$
BAN Funding 2,315,500 3,315,100 1,041,300 1,240,200 1,486,400 1,782,000 1,814,400 1,846,800 1,879,800 1,912,200 1,944,600
SRF Loan Proceeds 1,660,415 6,120,000 - - - - - - - - -
PAYGO Funding 2,400,000 566,100 1,093,300 1,409,800 1,459,400 1,754,500 1,786,400 1,818,300 1,850,200 1,882,100 1,914,000
From Other Funds & Operating Budget - - - - - - - - - - -

Subtractions:
Capital Improvements (7,682,300)$ (10,001,200)$ (2,134,600)$ (2,650,000)$ (2,945,700)$ (3,536,500)$ (3,600,800)$ (3,665,100)$ (3,730,000)$ (3,794,300)$ (3,858,600)$
Bond Issuance Costs (36,250) (32,366) - (25,203) - (30,814) - (35,162) - (37,231) -
Loan Issuance Costs - - - - - - - - - - -- - - - - - - - - - -

Ending Balance (1,378,885)$ -$ -$ -$ 100$ -$ -$ -$ -$ -$ -$

BAN Issuances
Outstanding BANs 3,475,000$ 2,315,500$ 1,078,875$ 2,120,175$ 840,094$ 2,326,494$ 1,027,123$ 2,841,523$ 1,172,081$ 3,051,881$ 1,241,020$
Proposed BANs 2,465,500$ 2,000,000$ 1,041,300$ 1,240,200$ 1,486,400$ 1,782,000$ 1,814,400$ 1,846,800$ 1,879,800$ 1,912,200$ 1,944,600$- - - - - - - - - - -

Subtotal: BANs Outstanding 5,940,500$ 4,315,500$ 2,120,175$ 3,360,375$ 2,326,494$ 4,108,494$ 2,841,523$ 4,688,323$ 3,051,881$ 4,964,081$ 3,185,620$
Interest Rate 3% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%- - - - - - - - - - -
Interest Payment 178,215$ 86,310$ 42,404$ 67,208$ 46,530$ 82,170$ 56,830$ 93,766$ 61,038$ 99,282$ 63,712$

Bonds Issued 3,625,000$ 3,236,625$ 2,520,281$ 3,081,370$ 3,516,243$ 3,723,061$

Updated BAN Balance 2,315,500$ 1,078,875$ 2,120,175$ 840,094$ 2,326,494$ 1,027,123$ 2,841,523$ 1,172,081$ 3,051,881$ 1,241,020$ 3,185,620$
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City of Lakewood
Utility Funding and Affordability Analysis
Calculation of Future Debt Service

CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028
Projected Future Debt Service

Projected Revenue Bonds
Series 2018 Revenue Bonds -$ 163,125$ 223,579$ 223,626$ 223,674$ 223,725$ 223,778$ 223,834$ 223,892$ 223,953$ 224,016$
Series 2019 Revenue Bonds -$ -$ 161,831$ 211,329$ 211,368$ 211,409$ 211,452$ 211,497$ 211,545$ 211,595$ 211,647$
Series 2020 Revenue Bonds -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
Series 2021 Revenue Bonds -$ -$ -$ -$ 126,014$ 164,557$ 164,587$ 164,619$ 164,653$ 164,688$ 164,725$
Series 2022 Revenue Bonds -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
Series 2023 Revenue Bonds -$ -$ -$ -$ -$ -$ 154,069$ 201,192$ 201,229$ 201,268$ 201,309$
Series 2024 Revenue Bonds -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
Series 2025 Revenue Bonds -$ -$ -$ -$ -$ -$ -$ -$ 175,812$ 229,586$ 229,628$
Series 2026 Revenue Bonds -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
Series 2027 Revenue Bonds -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ 186,153$- - - - - - - - - - -

Subtotal: Projected Revenue Bonds -$ 163,125$ 385,410$ 434,954$ 561,056$ 599,691$ 753,886$ 801,142$ 977,130$ 1,031,089$ 1,217,478$

Projected OPWC Loans
2018 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2019 OPWC Loan -$ -$ 249,519$ 249,519$ 249,519$ 249,519$ 249,519$ 249,519$ 249,519$ 249,519$ 249,519$
2020 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2021 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2022 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2023 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2024 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2025 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$- - - - - - - - - - -

Subtotal: Projected SRF Loans -$ -$ 249,519$ 249,519$ 249,519$ 249,519$ 249,519$ 249,519$ 249,519$ 249,519$ 249,519$

Projected OPWC Grants
2018 OPWC Grant -$ 83,021$ 83,021$ 83,021$ 83,021$ 83,021$ 83,021$ 83,021$ 83,021$ 83,021$ 83,021$
2019 OPWC Grant -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2020 OPWC Grant -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2021 OPWC Grant -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2022 OPWC Grant -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2023 OPWC Grant -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$- - - - - - - - - - -

Subtotal: Projected SRF Loans -$ 83,021$ 83,021$ 83,021$ 83,021$ 83,021$ 83,021$ 83,021$ 83,021$ 83,021$ 83,021$

Total: Projected Future Debt -$ 246,146$ 717,951$ 767,495$ 893,596$ 932,231$ 1,086,426$ 1,133,682$ 1,309,670$ 1,363,629$ 1,550,018$
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City of Lakewood
Utility Funding and Affordability Analysis
Summary of Revenue Requirements CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028

Actual Budget Projected Projected Projected Projected Projected Projected Projected Projected Projected
Water System Revenue Requirements

Operating Expenses
Salaries and Benefits 1,287,721$ 1,302,666$ 1,347,054$ 1,393,012$ 1,440,599$ 1,489,874$ 1,540,900$ 1,593,741$ 1,648,466$ 1,705,143$ 1,763,846$
Contractual Services 922,339 732,400 760,653 790,004 820,497 852,177 885,089 911,642 938,991 967,161 996,176
Materials & Supplies 330,780 352,400 362,972 373,861 385,077 396,629 408,528 420,784 433,408 446,410 459,802
Purchased Water 5,058,671 6,020,000 6,200,600 6,386,618 6,578,217 6,775,563 6,978,830 7,188,195 7,403,841 7,625,956 7,854,735
Other 515,638 652,023 671,584 691,731 712,483 733,858 755,874 778,550 801,906 825,964 850,742
Utilities 52,825 59,150 60,925 62,752 64,635 66,574 68,571 70,628 72,747 74,929 77,177- - - - - - - - - - -

Subtotal: Operating Expenses 8,167,975$ 9,118,639$ 9,403,787$ 9,697,979$ 10,001,507$ 10,314,674$ 10,637,792$ 10,963,540$ 11,299,359$ 11,645,563$ 12,002,478$

Debt Service
Existing Debt Service 1,026,943$ 963,816$ 953,075$ 856,002$ 859,692$ 786,827$ 718,608$ 702,199$ 703,699$ 698,899$ 698,499$
Future Debt Service - 163,125 634,930 684,474 810,576 849,210 1,003,405 1,050,661 1,226,650 1,280,608 1,466,997
BAN Interest Payments 178,215 86,310 42,404 67,208 46,530 82,170 56,830 93,766 61,038 99,282 63,712- - - - - - - - - - -

Subtotal: Debt Service 1,205,158$ 1,213,251$ 1,630,408$ 1,607,683$ 1,716,797$ 1,718,207$ 1,778,844$ 1,846,627$ 1,991,386$ 2,078,789$ 2,229,209$

Capital and Other Expenditures
CIP Paygo 2,400,000 566,100 1,093,300 1,409,800 1,459,400 1,754,500 1,786,400 1,818,300 1,850,200 1,882,100 1,914,000
Capital Leases 416,209 416,820 373,165 342,175 301,843 241,315 231,323 231,323 231,323 231,323 155,690- - - - - - - - - - -

Subtotal: Capital and Other Expenditures 2,816,209$ 982,920$ 1,466,465$ 1,751,975$ 1,761,243$ 1,995,815$ 2,017,723$ 2,049,623$ 2,081,523$ 2,113,423$ 2,069,690$- - - - - - - - - - -
Total: Water System Revenue Requirements 12,189,342$ 11,314,810$ 12,500,660$ 13,057,637$ 13,479,547$ 14,028,697$ 14,434,358$ 14,859,790$ 15,372,268$ 15,837,774$ 16,301,377$

% change 25.4% -7.2% 10.5% 4.5% 3.2% 4.1% 2.9% 2.9% 3.4% 3.0% 2.9%
% change - O&M -0.6% 11.6% 3.1% 3.1% 3.1% 3.1% 3.1% 3.1% 3.1% 3.1% 3.1%

Estimated Rate Calculation
Total Revenue Requirements 12,189,342$ 11,314,810$ 12,500,660$ 13,057,637$ 13,479,547$ 14,028,697$ 14,434,358$ 14,859,790$ 15,372,268$ 15,837,774$ 16,301,377$
Less: Miscellaneous Revenue (384,839) (384,839) (384,839) (384,839) (384,839) (384,839) (384,839) (384,839) (384,839) (384,839) (384,839)- - - - - - - - - - -
Net Revenue from User Charges 11,804,503$ 10,929,971$ 12,115,820$ 12,672,797$ 13,094,708$ 13,643,858$ 14,049,519$ 14,474,951$ 14,987,429$ 15,452,935$ 15,916,537$
Estimated Water Sales 1,620,067 1,603,866 1,587,828 1,571,950 1,556,230 1,540,668 1,525,261 1,510,008 1,494,908 1,479,959 1,465,160- - - - - - - - - - -
Water Rate ($/ccf) $ 7.29 $ 6.82 $ 7.64 $ 8.07 $ 8.42 $ 8.86 $ 9.22 $ 9.59 $ 10.03 $ 10.45 $ 10.87

Actual Rate $ 6.76 $ 7.13 $ 7.53 $ 7.94 $ 8.38 $ 8.84 $ 9.19 $ 9.56 $ 9.94 $ 10.34 $ 10.75
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City of Lakewood
Utility Funding and Affordability Analysis
Summary of Wastewater System Cashflows

CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028
Actual Budget Projected Projected Projected Projected Projected Projected Projected Projected Projected

Wastewater System Revenues
Wastewater User Charges 10,701,789$ 11,654,248$ 12,691,476$ 13,821,017$ 15,051,088$ 16,390,635$ 16,875,798$ 17,375,321$ 17,889,631$ 18,419,164$ 18,964,371$
Miscellaneous User Fees 94,254 94,254 94,254 94,254 94,254 94,254 94,254 94,254 94,254 94,254 94,254
Other Miscellaneous Revenue 384,591 384,591 384,591 384,591 384,591 384,591 384,591 384,591 384,591 384,591 384,591- - - - - - - - - - -

Total: Wastewater System Revenues 11,180,634$ 12,133,093$ 13,170,321$ 14,299,862$ 15,529,933$ 16,869,480$ 17,354,642$ 17,854,166$ 18,368,475$ 18,898,009$ 19,443,216$
Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok

Wastewater System Revenue Requirements
Operating Expenses

Salaries and Benefits 11,850$ 3,398,406$ 3,514,940$ 3,635,627$ 3,760,619$ 3,890,079$ 4,024,170$ 4,163,067$ 4,306,949$ 4,456,001$ 4,610,418$
Contractual Services 406,026 1,675,545 1,737,239 1,801,241 1,867,638 1,936,522 2,007,987 2,068,226 2,130,273 2,194,181 2,260,007
Materials & Supplies 2,548,302 468,550 482,607 497,085 511,997 527,357 543,178 559,473 576,257 593,545 611,351
Purchased Water - - - - - - - - - - -
Other 4,475,392 1,044,465 1,075,799 1,108,073 1,141,315 1,175,555 1,210,821 1,247,146 1,284,560 1,323,097 1,362,790
Utilities - 272,000 280,160 288,565 297,222 306,138 315,323 324,782 334,526 344,561 354,8981 - - - - - - - - - - -

Subtotal Operating Expenses 7,441,569$ 6,858,966$ 7,090,745$ 7,330,590$ 7,578,792$ 7,835,651$ 8,101,478$ 8,362,695$ 8,632,565$ 8,911,386$ 9,199,465$

Debt Service
Existing Debt Service 1,760,991$ 1,768,204$ 1,693,631$ 1,695,625$ 1,661,744$ 1,372,236$ 1,382,077$ 1,123,543$ 1,120,185$ 1,117,432$ 1,119,518$
Future Debt Service - 199,305 769,017 920,734 1,807,534 2,562,049 3,067,574 4,066,353 4,590,554 4,901,717 5,624,444
BAN Interest Payment 432,120 261,832 127,972 179,488 96,644 166,308 124,026 207,054 141,406 236,798 191,7461 - - - - - - - - - - -

Subtotal: Debt Service 2,193,111 2,229,341 2,590,621 2,795,848 3,565,921 4,100,593 4,573,677 5,396,950 5,852,145 6,255,947 6,935,708

Capital and Other Expenditures
CIP Paygo 1,926,100 1,815,600 5,881,200 4,446,700 2,710,800 3,510,700 4,212,900 4,179,900 4,589,600 4,799,100 6,746,400
Capital Leases 288,035 322,578 200,374 106,845 254,426 57,618 44,105 11,026 - - -1 - - - - - - - - - - -

Subtotal: Capital and Other Expenditures 2,214,135 2,138,178 6,081,574 4,553,545 2,965,226 3,568,318 4,257,005 4,190,926 4,589,600 4,799,100 6,746,400- - - - - - - - - - -
Total Wastewater System Revenue Requirements 11,848,815$ 11,226,485$ 15,762,939$ 14,679,983$ 14,109,939$ 15,504,562$ 16,932,160$ 17,950,571$ 19,074,310$ 19,966,433$ 22,881,573$

Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok Ok

Annual Cashflow: Surplus/(Deficit) (668,181)$ 906,608$ (2,592,619)$ (380,121)$ 1,419,993$ 1,364,918$ 422,482$ (96,405)$ (705,835)$ (1,068,424)$ (3,438,357)$
% Revenue Shortfall 6% 20% 3% 1% 4% 6% 18%
% Change Total wastewater System Revenue -7% 9% 9% 9% 9% 9% 3% 3% 3% 3% 3%
% Change Total Water System Revenue Requirements 2% -5% 40% -7% -4% 10% 9% 6% 6% 5% 15%

Operating Cash Reserves 10,708,705$ 11,615,313$ 9,022,694$ 8,642,573$ 10,062,567$ 11,427,485$ 11,849,967$ 11,753,561$ 11,047,727$ 9,979,302$ 6,540,946$
Days Cash On Hand 518  days 610  days 458  days 424  days 478  days 525  days 527  days 506  days 461  days 403  days 256  days
Total Debt Coverate Ratio 1.70x 2.37x 2.35x 2.49x 2.23x 2.20x 2.02x 1.76x 1.66x 1.60x 1.48x

Wastewater Rate Escalation 10.00% 10.00% 10.00% 10.00% 10.00% 10.00% 4.00% 4.00% 4.00% 4.00% 4.00%
Required Wastewater Rate Escalation 6.00% 20.00% 3.00% 1.00% 4.00% 6.00% 18.00%
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City of Lakewood
Utility Funding and Affordability Analysis
Actual and Budget Input

CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028
Wastewater System O&M Budget Budget Projected Projected Projected Projected Projected Projected Projected Projected Projected

Fund 510 (Wastewtr Coll System Fund)
Wastewtr Collection Crew

Salaries and Wages 857,173$ 861,810$ 887,665$ 914,294$ 941,723$ 969,975$ 999,074$ 1,029,046$ 1,059,918$ 1,091,715$ 1,124,467$
Personnel Benefits 339,435 345,870 361,434 377,699 394,696 412,457 431,017 450,413 470,682 491,862 513,996
Uniform and Clothing 4,800 4,800 4,944 5,092 5,245 5,402 5,565 5,731 5,903 6,080 6,263
Travel and Transportation 1,050 950 979 1,008 1,038 1,069 1,101 1,134 1,168 1,203 1,240
Other Employee Benefits - - - - - - - - - - -
Professional Services 151,750 1,012,250 1,052,740 1,094,850 1,138,644 1,184,189 1,231,557 1,268,504 1,306,559 1,345,755 1,386,128
Communications 2,150 2,625 2,704 2,785 2,868 2,954 3,043 3,134 3,228 3,325 3,425
Public Works Enterprise A - - - - - - - - - - -
Rents and Leases - - - - - - - - - - -
Items Purchased for Resale - - - - - - - - - - -
Intra-Governmntl Services - - - - - - - - - - -
Printing and Reproduction - - - - - - - - - - -
Contractual Services 2,004,200 204,100 210,223 216,530 223,026 229,716 236,608 243,706 251,017 258,548 266,304
Office Supplies 500 550 567 583 601 619 638 657 676 697 718
Operating Supplies 53,600 73,000 75,190 77,446 79,769 82,162 84,627 87,166 89,781 92,474 95,248
Repair Parts & Supplies 53,500 79,500 81,885 84,342 86,872 89,478 92,162 94,927 97,775 100,708 103,729
Repair Service - - - - - - - - - - -
Service Agreements - 2,500 2,575 2,652 2,732 2,814 2,898 2,985 3,075 3,167 3,262
Utilities 11,000 12,500 12,875 13,261 13,659 14,069 14,491 14,926 15,373 15,835 16,310
Inter Fund Activity 1,600 - - - - - - - - - -
Inter Departmntl Services 12,000 18,000 18,540 19,096 19,669 20,259 20,867 21,493 22,138 22,802 23,486
Public Works Enterprise B - 529,609 545,497 561,862 578,718 596,080 613,962 632,381 651,352 670,893 691,020
Construction - - - - - - - - - - -
Improvements 250,000 1,260,000 1,297,800 1,336,734 1,376,836 1,418,141 1,460,685 1,504,506 1,549,641 1,596,130 1,644,014
Machinery and Equipment 130,000 205,000 211,150 217,485 224,009 230,729 237,651 244,781 252,124 259,688 267,479
Computer Equipment - - - - - - - - - - -
Debt Service 6,741,089 8,820,761 - - - - - - - - -1 - - - - - - - - - - -

Subtotal: Wastewtr Collection Crew 10,613,847$ 13,433,825$ 4,766,767$ 4,925,719$ 5,090,105$ 5,260,115$ 5,435,947$ 5,605,490$ 5,780,411$ 5,960,884$ 6,147,088$- - - - - - - - - - -
Subtotal: Fund 510 10,613,847$ 13,433,825$ 4,766,767$ 4,925,719$ 5,090,105$ 5,260,115$ 5,435,947$ 5,605,490$ 5,780,411$ 5,960,884$ 6,147,088$

Fund 511 (Wastewater Treatment Fund)
Wastewater Imprmt

Salaries and Wages 1,421,625$ 1,564,464$ 1,611,398$ 1,659,740$ 1,709,532$ 1,760,818$ 1,813,642$ 1,868,051$ 1,924,093$ 1,981,816$ 2,041,270$
Personnel Benefits 577,539 626,262 654,444 683,894 714,669 746,829 780,436 815,556 852,256 890,608 930,685
Uniform and Clothing 8,000 8,000 8,240 8,487 8,742 9,004 9,274 9,552 9,839 10,134 10,438
Travel and Transportation 2,250 1,900 1,957 2,016 2,076 2,138 2,203 2,269 2,337 2,407 2,479
Other Employee Benefits - - - - - - - - - - -
Professional Services 1,028,316 130,520 135,741 141,170 146,817 152,690 158,798 163,561 168,468 173,522 178,728
Communications 3,500 3,110 3,203 3,299 3,398 3,500 3,605 3,714 3,825 3,940 4,058
Public Works Enterprise A - - - - - - - - - - -
Rents and Leases 975 975 1,004 1,034 1,065 1,097 1,130 1,164 1,199 1,235 1,272
Items Purchased for Resale - - - - - - - - - - -
Intra-Governmntl Services - - - - - - - - - - -
Printing and Reproduction 250 - - - - - - - - - -
Contractual Services 196,000 311,000 320,330 329,940 339,838 350,033 360,534 371,350 382,491 393,965 405,784
Office Supplies 1,000 1,500 1,545 1,591 1,639 1,688 1,739 1,791 1,845 1,900 1,957
Operating Supplies 218,900 230,500 237,415 244,537 251,874 259,430 267,213 275,229 283,486 291,991 300,750
Repair Parts & Supplies 79,750 83,500 86,005 88,585 91,243 93,980 96,799 99,703 102,694 105,775 108,949
Repair Service - - - - - - - - - - -
Service Agreements 14,200 14,200 14,626 15,065 15,517 15,982 16,462 16,956 17,464 17,988 18,528
Utilities 290,000 272,000 280,160 288,565 297,222 306,138 315,323 324,782 334,526 344,561 354,898
Inter Fund Activity 75,000 - - - - - - - - - -
Inter Departmntl Services - - - - - - - - - - -
Public Works Enterprise B 365,000 475,471 489,735 504,427 519,560 535,147 551,201 567,737 584,769 602,312 620,382
Construction 2,000,000 7,000,000 7,210,000 7,426,300 7,649,089 7,878,562 8,114,919 8,358,366 8,609,117 8,867,391 9,133,412
Improvements - - - - - - - - - - -
Machinery and Equipment 200,000 270,000 278,100 286,443 295,036 303,887 313,004 322,394 332,066 342,028 352,289
Computer Equipment - - - - - - - - - - -
Debt Service 5,340,148 8,013,639 2,663,023 2,723,205 3,723,703 3,991,903 4,493,756 5,200,923 5,710,739 6,019,149 6,743,9621 - - - - - - - - - - -

Subtotal: Wastewater Imprmt 11,822,452$ 19,007,041$ 13,996,925$ 14,408,299$ 15,771,020$ 16,412,828$ 17,300,038$ 18,403,099$ 19,321,214$ 20,050,722$ 21,209,842$- - - - - - - - - - -
Subtotal: Fund 511 11,822,452$ 19,007,041$ 13,996,925$ 14,408,299$ 15,771,020$ 16,412,828$ 17,300,038$ 18,403,099$ 19,321,214$ 20,050,722$ 21,209,842$

- - - - - - - - - - -
Total: Wastewater System O&M 22,436,299$ 32,440,866$ 18,763,692$ 19,334,018$ 20,861,125$ 21,672,942$ 22,735,984$ 24,008,590$ 25,101,626$ 26,011,606$ 27,356,930$

Excluding Debt and Interfund 10,355,063 15,606,466 16,100,670 16,610,813 17,137,421 17,681,039 18,242,228 18,807,667 19,390,887 19,992,457 20,612,968
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City of Lakewood
Utility Funding and Affordability Analysis
Wastewater System Debt Service

CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028
Existing Wastewaster Debt Service

Wastewater Bonds Debt Service
Refunding Sewer Plant Improvements (GO 2003) (Fund 510) 139,062 138,642 138,180 138,726 138,159 - - - - - -
Refunding GO Sewer Construction Bonds-2005 (Fund 510) 152,663 154,013 122,096 120,823 121,679 119,705 121,691 - - - -
Refunding  Sewer Revenue Bonds 2006 to GO (Fund 510) 692,633 696,512 695,769 698,039 694,572 692,592 697,709 696,677 694,407 692,427 693,747
Sewer GO (Fund 510) 257,147 257,655 256,926 257,755 257,631 257,609 257,034 257,973 257,366 257,012 257,498
Refunding Sewer Plant Improvements (GO 2003) (Fund 511) 145,684 145,244 144,760 145,332 144,738 - - - - - -
Refunding GO Sewer Plant Improvement-2005 (Fund 511) 171,280 172,795 136,986 135,557 136,518 134,303 136,532 - - - -
Refunding  Sewer Revenue Bonds 2006 to GO (Fund 511) 146,617 147,438 147,281 147,761 147,028 146,608 147,691 147,473 146,993 146,573 146,853
Placeholder - - - - - - - - - - -1 - - - - - - - - - - -

Subtotal: Existing Wastewater Bonds Debt Service 1,705,085$ 1,712,298$ 1,641,998$ 1,643,993$ 1,640,324$ 1,350,816$ 1,360,657$ 1,102,123$ 1,098,766$ 1,096,012$ 1,098,098$

Wastewater Loans Debt Service
OPWC; CA01C; West Clifton Storm Sewer 4,273 4,273 - - - - - - - - -
OPWC; CA23C; Edgewater Drive Sewer 30,213 30,213 30,213 30,213 - - - - - - -
OPWC; CA08Q/CA09Q : West End Sewer Separation 21,420 21,420 21,420 21,420 21,420 21,420 21,420 21,420 21,420 21,420 21,420
Placeholder - - - - - - - - - - -
Placeholder - - - - - - - - - - -1 - - - - - - - - - - -

Total Existing Wastewater Loans Debt Service: 55,906$ 55,906$ 51,633$ 51,633$ 21,420$ 21,420$ 21,420$ 21,420$ 21,420$ 21,420$ 21,420$

Total Existing Wastewater Debt Service 1,760,991$ 1,768,204$ 1,693,631$ 1,695,625$ 1,661,744$ 1,372,236$ 1,382,077$ 1,123,543$ 1,120,185$ 1,117,432$ 1,119,518$

Projected Debt Service
Future GO/Revenue Bonds -$ 199,305$ 769,017$ 920,734$ 1,260,864$ 1,365,028$ 1,680,257$ 1,776,880$ 2,169,413$ 2,289,758$ 2,738,724$
Future SRF Loans - - - - 546,670 1,197,021 1,387,316 2,289,473 2,421,140 2,611,959 2,885,7201 - - - - - - - - - - -

Total: Projected Debt Service - 199,305 769,017 920,734 1,807,534 2,562,049 3,067,574 4,066,353 4,590,554 4,901,717 5,624,4441 - - - - - - - - - - -
Total Existing and Future Wasterwaste Debt Service 1,760,991$ 1,967,509$ 2,462,649$ 2,616,360$ 3,469,277$ 3,934,285$ 4,449,651$ 5,189,896$ 5,710,739$ 6,019,149$ 6,743,962$

Wastewater System Capital Lease Debt Service
Phase 1 Lease Division of WWC (Fund 510) - - - - - - - - - - -
Phase 2 Lease (Backhoe)  (Fund 510) - - - - - - - - - - -
2011 Equipment Lease (Schedule 4A)  (Fund 510) 64,654 64,654 26,939 - - - - - - - -
2011 Equipment Lease (Schedule 4B) (Fund 510) 85,621 85,621 35,675 - - - - - - - -
2014 Equipment Lease (Schedule 2) (Fund 510) 25,600 25,600 25,600 25,600 58,701 8,494 - - - - -
2015 Equipment Lease (Schedule 4)  (Fund 510) 52,996 52,996 52,996 22,082 - - - - - - -
2016 Equipment Lease (Schedule 6 - sewer cleaning truck) (Fund 510) 44,105 78,648 44,105 44,105 180,666 44,105 44,105 11,026 - - -
2014 Equipment Lease (Schedule 2) (Fund 511) 15,059 15,059 15,059 15,059 15,059 5,020 - - - - -
Placeholder - - - - - - - - - - -
Placeholder - - - - - - - - - - -1 - - - - - - - - - - -

Current Capital Lease Debt Service 288,035$ 322,578$ 200,374$ 106,845$ 254,426$ 57,618$ 44,105$ 11,026$ -$ -$ -$
Future Capital Lease Debt Service - - - - - - - - - - -1 - - - - - - - - - - -

Total Capital Lease Debt Service 288,035$ 322,578$ 200,374$ 106,845$ 254,426$ 57,618$ 44,105$ 11,026$ -$ -$ -$
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City of Lakewood
Utility Funding and Affordability Analysis
Capital Improvements Plan & Financing

CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028
Capital Improvement Projects

Outfall Repairs Construction (Summit) - 900,000 - - - - - - - -
Sewer Vehicle #823 1-ton dump with plow - - 80,000 - - - - - - - -
Outfall Repairs Design (Cliff Dr) - 100,000 - - - - - - - -
Sewers #818 Camera truck - - 400,000 - - - - - - - -
Outfall Repairs Construction (Clifff Dr) - - - 700,000 - - - - - - -
Outfall Repairs Design (TBD) - - - - 25,000 - - - - - -
Concrete Restoration (BANs) 600,000 - - - - - - - - - -
Concrete Restoration (Paygo) 21,300 - - - - - - - - - -
Thermophilic Digestion Conversion and Primary Digester Mixing System Upgrade DESIGN/BUILD (A)5,000,000 3,055,400 - - - - - - - - -
Effluent Tunnel Repair 55,000 - - - - - - - - - -
HRT design and permitting, Sewer & WWTP Improvements (BANs)1,000,000 - - - - - - - - - -
HRT design and permitting, Sewer & WWTP Improvements (Paygo)262,175 - - - - - - - - - -
Electric Backup Generator Clifton Lagoon Pump Station 27,000 75,000 - - - - - - - - -
High Rate Treatment Construction (OPWC Grant) - - - 3,000,000 - - - - - - -
High Rate Treatment Construction (OPWC Loan) - - - - 3,366,425 - - - - - -
High Rate Treatment Construction (WPCLF) - 4,000,000 10,633,575 - - - - - -
WWTP Vehicle #801 Pickup Truck w/ Plow - - - 40,000 - - - - - - -
Early Action Sewer Separation 100,000 900,000 1,000,000 - - - -
Final Clarifier Deflector Rings and Sweep Arm Cleaning/Re-coating 45,000 - - - -
Thickener Tank Deflector Rings 50,000 - - - -
Water and Sewer asset management software 50,000 25,000 25,000 25,000 25,000 25,000 25,000 25,000 25,000 25,000
Waterline to HRT 250,000 - - - -
Rehab of 8 Manholes 1,000,000 - - - -
HVAC controls replacement 150,000
Placeholder
Misc. Placeholder
Relief to Interceptor picking up all CSOs and manage at 059. - - - - - - - - 2,220,000 5,550,000
Above Ground Storage at WWTP - - - 1,150,000 3,450,000 16,100,000 2,300,000 - - -
Underground Tank Storage (storage to manage also LEWS 1040 and LEWS 1195 TBD)- - - - - - - 3,280,000 4,100,000 820,000
Close off and convey more to Interceptor and manage at 059 - - - - - - - 480,000 600,000 120,000
Source Control, Diversion Sewer, Pump Station, storm sewer - - - - - - - - - 160,000
Source Control, Sewer Separation, Regulator Modification, Green Infrastructure - - - - - - - - - -
Source control, relief sewer, storm sewer - - - - - - - - - -
Source Control, GI, Relief Sewer, Regulator Modifications - - - - - - - - - -
Belle Storage Tunnel, Lakewood Park Storage Basin - - - - - - - - 530,000 530,000
Sewer separation - - - - - - - - - -
Diversion sewer - - - - - - - - - -
Bulkhead interceptor connection, add pump station to serve area - - - - - - - - - -
Source Control, Green Infrastructure, Relief Sewer, Regulator Modification - - - - - - - - - -
Relief Sewer, Regulator Modification - - - - - - - - - -
Source control - - - - - - - - - -
Regulator modification - - - - - - - - - -
Source control, Green Infrastructure - - - - - - - - - -
Long-Term R&R Capital Placeholder - Collection 1,980,000 2,980,000 2,980,000 1,980,000 3,930,000 2,930,000 3,930,000 2,930,000 3,930,000
Long-Term R&R Capital Placeholder - Outfall Repairs - - 100,000 1,000,000 100,000 1,000,000 100,000 1,000,000 100,000
Long-Term R&R Capital Placeholder - WWTP 4,220,000 1,880,000 1,840,000 3,353,000 3,353,000 3,353,000 3,353,000 1,334,000 1,334,000
Long-Term R&R Capital Placeholder - Lift Stations - - - - - 90,000 - - - -- - - - - - - - - - -

Total: Capital Improvement Projects 12,407,602$ 8,835,400$ 19,388,575$ 9,625,000$ 9,486,425$ 9,808,000$ 23,598,000$ 9,608,000$ 11,168,000$ 12,739,000$ 12,569,000$

Annual Cost Inflation 0.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0%
Cumulative Inflation Rate 100.0% 102.0% 104.0% 106.0% 108.0% 110.0% 112.0% 114.0% 116.0% 118.0% 120.0%- - - - - - - - - - -
Total: Capital Improvement Projects (Nomial Dollars)12,407,700$ 9,012,200$ 20,164,200$ 10,202,500$ 10,245,400$ 10,788,800$ 26,429,800$ 10,953,200$ 12,954,900$ ####### 15,082,800$
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CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028
Capital Financing Plan

Net Capital Financing Needs 12,407,700$ 9,012,200$ 20,164,200$ 10,202,500$ 10,245,400$ 10,788,800$ 26,429,800$ 10,953,200$ 12,954,900$ ####### 15,082,800$

Capital Financing Sources
OPWC Grant -$ -$ -$ 3,180,000$ -$ -$ -$ -$ -$ -$ -$
OPWC Loan - - - 4,877,800 3,795,000 18,032,000 2,622,000 3,804,800 5,463,400 1,620,000
WPCLF Loan 4,080,000 11,059,000 - - - - - - - -
Bond Anticipation Notes (BANs) 9,281,400 3,116,600 3,224,000 2,575,800 2,656,800 3,483,200 4,184,900 4,151,400 4,560,600 4,769,600 6,716,400
Other Misc. Grants & Contributions - - - - - - - - - -
Cash Financing of Construction (PAYGO) 1,926,100 1,815,600 5,881,200 4,446,700 2,710,800 3,510,700 4,212,900 4,179,900 4,589,600 4,799,100 6,746,400- - - - - - - - - - -

Subtotal: Capital Financing Sources 11,207,500$ 9,012,200$ 20,164,200$ 10,202,500$ 10,245,400$ 10,788,900$ 26,429,800$ 10,953,300$ 12,955,000$ 15,032,100$ 15,082,800$
Capital Financing Shortfall 1,200,200$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$

Construction/Bond Fund
Beginning Balance

Additions:
Bond Proceeds 43,850$ 98,187$ -$ 67,308$ -$ 62,366$ -$ 77,645$ -$ 88,799$ -$
BAN Proceeds 9,281,400 3,116,600 3,224,000 2,575,800 2,656,800 3,483,200 4,184,900 4,151,400 4,560,600 4,769,600 6,716,400
SRF Loan Proceeds - 4,080,000 11,059,000 3,180,000 4,877,800 3,795,000 18,032,000 2,622,000 3,804,800 5,463,400 1,620,000
PAYGO Funding 1,926,100 1,815,600 5,881,200 4,446,700 2,710,800 3,510,700 4,212,900 4,179,900 4,589,600 4,799,100 6,746,400
From Other Funds & Operating Budget - - - - - - - - - - -

Subtractions:
Capital Improvements (12,407,700)$ (9,012,200)$ (20,164,200)$ (10,202,500)$ (10,245,400)$ (10,788,800)$ (26,429,800)$ (10,953,200)$ (12,954,900)$ (15,032,100)$ (15,082,800)$
Bond Issuance Costs (43,850) (98,187) - (67,308) - (62,366) - (77,645) - (88,799) -
Loan Issuance Costs - - - - - - - - - - -- - - - - - - - - - -

Ending Balance (1,200,200)$ -$ -$ -$ -$ 100$ -$ 100$ 100$ -$ -$

BAN Issuance
Outstanding BANs 8,789,000$ 9,975,000$ 3,174,600$ 6,398,600$ 2,175,400$ 4,832,200$ 2,016,400$ 6,201,300$ 2,509,700$ 7,070,300$ 2,870,900$
Proposed BANs 5,615,000$ 3,116,600$ 3,224,000$ 2,575,800$ 2,656,800$ 3,483,200$ 4,184,900$ 4,151,400$ 4,560,600$ 4,769,600$ 6,716,400$- - - - - - - - - - -

Subtotal: BANs Outstanding 14,404,000$ 13,091,600$ 6,398,600$ 8,974,400$ 4,832,200$ 8,315,400$ 6,201,300$ 10,352,700$ 7,070,300$ 11,839,900$ 9,587,300$
Interest Rate 3% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2%- - - - - - - - - - -
Interest Payment 432,120$ 261,832$ 127,972$ 179,488$ 96,644$ 166,308$ 124,026$ 207,054$ 141,406$ 236,798$ 191,746$

BANs Refunded 4,385,000$ 9,818,700$ 6,730,800$ 6,236,550$ 7,764,525$ 8,879,925$
Issuance Costs 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 1.00%- - - - - - - - - - -

Total Bonds Issued 4,429,000$ 9,917,000$ -$ 6,799,000$ -$ 6,299,000$ -$ 7,843,000$ -$ 8,969,000$ -$

Updated BAN Balance 9,975,000$ 3,174,600$ 6,398,600$ 2,175,400$ 4,832,200$ 2,016,400$ 6,201,300$ 2,509,700$ 7,070,300$ 2,870,900$ 9,587,300$
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CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028
City of Lakewood
Utility Funding and Affordability Analysis
Calculation of Future Debt Service

CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028
Projected Future Debt Service

Projected GO/Revenue Bonds
Series 2018 Revenue Bonds
Series 2018 Revenue Bonds -$ 199,305$ 273,167$ 273,224$ 273,284$ 273,346$ 273,411$ 273,479$ 273,550$ 273,624$ 273,701$
Series 2019 Revenue Bonds -$ -$ 495,850$ 647,510$ 647,630$ 647,756$ 647,888$ 648,026$ 648,172$ 648,325$ 648,485$
Series 2020 Revenue Bonds -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
Series 2021 Revenue Bonds -$ -$ -$ -$ 339,950$ 443,927$ 444,009$ 444,095$ 444,186$ 444,281$ 444,380$
Series 2022 Revenue Bonds -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
Series 2023 Revenue Bonds -$ -$ -$ -$ -$ -$ 314,950$ 411,280$ 411,356$ 411,436$ 411,520$
Series 2024 Revenue Bonds -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
Series 2025 Revenue Bonds -$ -$ -$ -$ -$ -$ -$ -$ 392,150$ 512,093$ 512,187$
Series 2026 Revenue Bonds -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
Series 2027 Revenue Bonds -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ 448,450$- - - - - - - - - - -

Subtotal: Projected Revenue Bonds -$ 199,305$ 769,017$ 920,734$ 1,260,864$ 1,365,028$ 1,680,257$ 1,776,880$ 2,169,413$ 2,289,758$ 2,738,724$

Projected OPWC Loans
2018 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2019 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2020 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2021 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2022 OPWC Loan -$ -$ -$ -$ 243,890$ 243,890$ 243,890$ 243,890$ 243,890$ 243,890$ 243,890$
2023 OPWC Loan -$ -$ -$ -$ -$ -$ 189,750$ 189,750$ 189,750$ 189,750$ 189,750$
2024 OPWC Loan -$ -$ -$ -$ -$ -$ -$ 901,600$ 901,600$ 901,600$ 901,600$
2025 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ 131,100$ 131,100$ 131,100$
2026 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ 190,240$ 190,240$
2027 OPWC Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ 273,170$- - - - - - - - - - -

Subtotal: Projected OPWC Loans -$ -$ -$ -$ 243,890$ 243,890$ 433,640$ 1,335,240$ 1,466,340$ 1,656,580$ 1,929,750$

Projected WPCLF Loans
2018 WPCLF Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2019 WPCLF Loan -$ -$ -$ -$ 81,600$ 256,871$ 257,018$ 257,168$ 257,321$ 257,477$ 257,636$
2020 WPCLF Loan -$ -$ -$ -$ 221,180$ 696,260$ 696,658$ 697,065$ 697,479$ 697,902$ 698,334$
2021 WPCLF Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2022 WPCLF Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2023 WPCLF Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2024 WPCLF Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2025 WPCLF Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2026 WPCLF Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$
2027 WPCLF Loan -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$- - - - - - - - - - -

Subtotal: Projected WPCLF Loans -$ -$ -$ -$ 302,780$ 953,131$ 953,676$ 954,233$ 954,800$ 955,379$ 955,970$
- - - - - - - - - - -

Subtotal: Projected OPWC Grants -$ -$ -$ -$ -$ -$ -$ -$ -$ -$ -$

Total: Projected Future Debt -$ 199,305$ 769,017$ 920,734$ 1,807,534$ 2,562,049$ 3,067,574$ 4,066,353$ 4,590,554$ 4,901,717$ 5,624,444$
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City of Lakewood
Utility Funding and Affordability Analysis
Summary of Revenue Requirements CY 2018 CY 2019 CY 2020 CY 2021 CY 2022 CY 2023 CY 2024 CY 2025 CY 2026 CY 2027 CY 2028

Actual Budget Projected Projected Projected Projected Projected Projected Projected Projected Projected
Wastewater System Revenue Requirements

Operating Expenses
Fund 510

Salaries and Benefits 4,250$ 1,207,681$ 1,249,099$ 1,291,994$ 1,336,419$ 1,382,432$ 1,430,092$ 1,479,460$ 1,530,600$ 1,583,578$ 1,638,463$
Contractual Services 137,757 1,218,850 1,265,538 1,314,032 1,364,401 1,416,719 1,471,063 1,515,195 1,560,651 1,607,470 1,655,694
Materials & Supplies 2,247,882 153,050 157,642 162,371 167,242 172,259 177,427 182,750 188,232 193,879 199,696
Purchased Water - - - - - - - - - - -
Other 1,256,963 555,984 572,664 589,843 607,539 625,765 644,538 663,874 683,790 704,304 725,433
Utilities - - - - - - - - - - -1 - - - - - - - - - - -

Subtotal: Fund 510 3,646,852$ 3,135,565$ 3,244,942$ 3,358,239$ 3,475,600$ 3,597,175$ 3,723,119$ 3,841,278$ 3,963,273$ 4,089,231$ 4,219,286$

Fund 511
Salaries and Benefits 7,600$ 2,190,726$ 2,265,841$ 2,343,633$ 2,424,201$ 2,507,647$ 2,594,079$ 2,683,607$ 2,776,349$ 2,872,423$ 2,971,955$
Contractual Services 268,268 456,695 471,701 487,209 503,237 519,803 536,924 553,031 569,622 586,711 604,312
Materials & Supplies 300,420 315,500 324,965 334,714 344,755 355,098 365,751 376,723 388,025 399,666 411,656
Purchased Water - - - - - - - - - - -
Other 3,218,428 488,481 503,135 518,229 533,776 549,790 566,283 583,272 600,770 618,793 637,357
Utilities - 272,000 280,160 288,565 297,222 306,138 315,323 324,782 334,526 344,561 354,8981 - - - - - - - - - - -

Subtotal: Fund 511 3,794,717$ 3,723,402$ 3,845,803$ 3,972,351$ 4,103,192$ 4,238,476$ 4,378,359$ 4,521,416$ 4,669,292$ 4,822,155$ 4,980,179$
- - - - - - - - - - -

Subtotal: Operating Expenses 7,441,569$ 6,858,966$ 7,090,745$ 7,330,590$ 7,578,792$ 7,835,651$ 8,101,478$ 8,362,695$ 8,632,565$ 8,911,386$ 9,199,465$

Debt Service
Existing Debt Service 1,760,991$ 1,768,204$ 1,693,631$ 1,695,625$ 1,661,744$ 1,372,236$ 1,382,077$ 1,123,543$ 1,120,185$ 1,117,432$ 1,119,518$
Future Debt Service - 199,305 769,017 920,734 1,807,534 2,562,049 3,067,574 4,066,353 4,590,554 4,901,717 5,624,444
BAN Interest Payments 432,120 261,832 127,972 179,488 96,644 166,308 124,026 207,054 141,406 236,798 191,746- - - - - - - - - - -

Subtotal: Debt Service 2,193,111$ 2,229,341$ 2,590,621$ 2,795,848$ 3,565,921$ 4,100,593$ 4,573,677$ 5,396,950$ 5,852,145$ 6,255,947$ 6,935,708$

Capital and Other Exoenditures
CIP PayGo 1,926,100 1,815,600 5,881,200 4,446,700 2,710,800 3,510,700 4,212,900 4,179,900 4,589,600 4,799,100 6,746,400
Capital Leases 288,035 322,578 200,374 106,845 254,426 57,618 44,105 11,026 - - -- - - - - - - - - - -

Subtotal: Capital and Other Exoenditures 2,214,135$ 2,138,178$ 6,081,574$ 4,553,545$ 2,965,226$ 3,568,318$ 4,257,005$ 4,190,926$ 4,589,600$ 4,799,100$ 6,746,400$- - - - - - - - - - -
Total: Wastewater System Revenue Requirements 11,848,815$ 11,226,485$ 15,762,939$ 14,679,983$ 14,109,939$ 15,504,562$ 16,932,160$ 17,950,571$ 19,074,310$ 19,966,433$ 22,881,573$

% change 1.8% -5.3% 40.4% -6.9% -3.9% 9.9% 9.2% 6.0% 6.3% 4.7% 14.6%
% change - O&M 33.9% -7.8% 3.4% 3.4% 3.4% 3.4% 3.4% 3.2% 3.2% 3.2% 3.2%

Estimated Rate Calculation
Total Revenue Requirements 11,848,815$ 11,226,485$ 15,762,939$ 14,679,983$ 14,109,939$ 15,504,562$ 16,932,160$ 17,950,571$ 19,074,310$ 19,966,433$ 22,881,573$
Less: Miscellaneous Revenue (478,845) (478,845) (478,845) (478,845) (478,845) (478,845) (478,845) (478,845) (478,845) (478,845) (478,845)- - - - - - - - - - -
Net Revenue from User Charges 11,369,970$ 10,747,640$ 15,284,095$ 14,201,138$ 13,631,094$ 15,025,717$ 16,453,316$ 17,471,726$ 18,595,465$ 19,487,588$ 22,402,728$
Estimated Wastewater Sales 1,569,177 1,553,485 1,537,951 1,522,571 1,507,345 1,492,272 1,477,349 1,462,576 1,447,950 1,433,470 1,419,136- - - - - - - - - - -
Wastewater Rate ($/ccf) $ 7.25 $ 6.92 $ 9.94 $ 9.33 $ 9.05 $ 10.07 $ 11.14 $ 11.95 $ 12.85 $ 13.60 $ 15.79

Actual Rate $ 6.82 $ 7.50 $ 8.25 $ 9.08 $ 9.99 $ 10.98 $ 11.42 $ 11.88 $ 12.36 $ 12.85 $ 13.36
6.3% -7.8% 20.5% 2.8% -9.4% -8.3% -2.5% 0.6% 4.0% 5.8% 18.2%
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1.0 EXECUTIVE SUMMARY 

1.1 TECHNOLOGY TESTED 

The City of Lakewood conducted a six-week pilot testing program to assess the performance of 

High Rate Treatment (HRT) technologies.  The ACTIFLO
 

/ BIOACTIFLO wet weather High 

Tate Treatment system, presented by Kruger-Veolia manufacturer was piloted during 6 weeks 

period from June 3 through July 19.    The ACTIFLO


 process is a high-rate chemical and 

physical clarification process that involves the formation of suspended solids onto a ballast 

particle (microsand) followed by lamellar settling.  The BIOACTIFLO is biological configuration 

by the addition of the contact tank for mixing raw influent with return activated sludge prior to the 

ACTIFLO unit. 

 

The BIOACTIFLO biological and/or regular (physical-chemical) ACTIFLO processes 

(ballasted flocculation) were tested to determine and demonstrate the viability of for treating 

high hydraulic and organic loads during wet weather conditions.   

 

An ACTIFLO pilot unit and a biological Contact Tank were brought onsite and setup on the 

asphalt sidewalk between the Primary Clarifiers and the Aeration Tanks for testing.  The 

Contact Tank included a 3 mm drum screen, coarse bubble diffuser and a blower for aeration. 

The pilot trailer included: 

 Supervisory control and data acquisition (SCADA) system;  

 Pumps and injection system for adding process chemicals and recirculation;  

 Pumps and valve skid for bringing in wastewater and return activated sludge (RAS) to 

the Contact Tank at target proportions;  

 UV disinfection system.   

 

During normal dry weather conditions, primary effluent was pumped to the pilot system, 

whereas during wet weather conditions, primary influent was used as feed the pilot system.  

 

1.2 TESTING GOALS AND OBJECTIVES 

The goal of this pilot study was to evaluate the ACTIFLO and BIOACTIFLO units and determine 

efficiencies for primary and primary + secondary treatment, respectively.  The pilot study was 

designed to: 
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a. Evaluate system performances by assessing their ability to remove CBOD, TSS, E. coli and 

total phosphorus. 

b. Determine the optimum combination of coagulant and polymer doses for primary treatment 

and the ideal MLSS concentration for biological treatment and secondary treatment. 

c. Evaluate the process based on operation and maintenance considerations such as chemical 

and energy requirements, labor, and ease and duration of startup.  

d. Estimate the sludge production rates and quality of the waste solids production (TSS 

concentration), and estimate additional disposal costs. 

e. Develop/confirm system design parameters to be used in the preparation of preliminary 

designs and capital costs estimates; 

f. Develop estimated O&M costs associated with meeting the effluent limit in a full-scale 

installation. 

g. Confirm CBOD, TSS, and pathogen removal efficiencies under various flow and loading 

conditions. 

 
The target performance goal for the High Rate Treatment pilot study was to evaluate treated 

effluent quality to achieve: 

a. effluent requirements specified in the North East Ohio Regional Sewer District (NEORSD) 

consent decree: 

 40 mg/L for total suspended solids (TSS) across seven consecutive activations 

 40 mg/L for total 5 day carbonaceous biochemical oxygen demand CBOD5 across seven 

consecutive activations,  

 126 colony forming units (CFU)/100 mL (recreational season geometric mean) for E. coli 

 284 CFU/100 mL (rolling geometric mean for each 7-day period) for E. coli. 

b. NPDES permit requirements for weekly loadings on TSS, CBOD and Phosphorus for 

blended wastewater treated effluent from HRT system and the secondary effluent from the 

Lakewood WWTP.  The maximum loading rate for TSS, CBOD, and Phosphorus was 

calculated based on the pilot plant performance data and maximum combined effluent flow 

rate of 65 MGD.  Refer to Section 2 below. 

 

1.3 RESULTS AND RECOMMENDATIONS 

Following is a summary of the pilot testing results: 

a. Effluent TSS and CBOD levels were consistently within the target limit of 40 mg/L, 

meeting the NEORSD Consent Decree requirements. 
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b. Final effluent E. Coli levels after UV disinfection was well within 284 CFU/100 mL 

expressed as a 7-day rolling geometric mean., meeting the NEORSD and NPDES 

permit requirements. 

c. All chemicals used in the pilot testing were compatible to the treatment processes in 

Lakewood WWTP. 

d. During sodium aluminate (NaAlO2) based BIOACTIFLO testing, the pH value of the 

effluent (8.6 to 8.8) was higher than that of the influent (7.6 to 7.9) and the sludge 

structure, and effluent turbidity were not satisfactory.  

e. During the CSO wet weather event and simulated wet weather flow, BIOACTIFLO and 

ACTIFLO runs were conducted with Alum (Al2(SO4)3) and Polyaluminum Chloride 

(PACL) coagulants in conjunction with flocculent to evaluate optimum chemical dosages.  

1) For BIOACTIFLO™ mode of operation, optimum dosages for Alum and 

Polyaluminum Chloride (PACL) are summarized in the table below: 

Contact 
Tank MLSS 

Coagulant 1 / Flocculent 
Concentrations 

Coagulant 2/ Flocculent 
Concentrations 

Alum, Al2(SO4)3 Hydrex 3596 PACL Hydrex 3596 

800 mg/L 90 mg/L 3.6 mg/L 60 mg/L 3.2-4.8 mg/L 

1200 mgL 100 - 115 mg/L 5.0 mg/L 80 mg/L 0.3 mg/L 

 

Compared “Coagulant/Flocculent” concentrations at different MLSS concentrations 

indicate that combination of PACL coagulant with Hydrex 3596 flocculent is the 

most effective choice of chemical. 

2) For regular ACTIFLO mode of operation, optimal dosages of Alum and PACL are 

summarized in the table below.   

 
Coagulant 1 / Flocculent Coagulant 2 / Flocculent 

Alum, Al2(SO4)3 Hydrex 3596 PACL Hydrex 3596 

Concentrations 70- 90 mg/L 1.2- 2.0 mg/L 60 mg/L 1.2 mg/L 

 

i. Compared “Coagulant/Flocculent” combinations during ACTIFLO optimization 

runs, produced very close effective concentration values.   

ii. During ACTIFLO steady state testing, the effluent TSS, CBOD and 

phosphorus limits, at provided coagulant and flocculent concentrations, 

consistently met the requirements of the NEORSD Consent Decree and 

NPDES permit.   
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iii. All the coagulants achieved effluent phosphorus concentrations less than 0.5 

mg/L. 

iv. According to the Chemical Usage Present Worth analysis, operational cost of 

Alum is half of PACL cost. Refer to Appendix 2.  Therefore, Alum is 

recommended choice of chemical for HRT full scale treatment. 

f. Operating cost for running ACTIFLO and BIOACTIFLO is estimated at $850-1,500 / MG 

based on the pilot study results at 35 to 45 MGD range. 

 



Lakewood, Ohio HRT Pilot Study Report 

 

   5 

2.0 INTRODUCTION 

The focus of this project was to assess a technology that had the potential to minimize the 

footprint, environmental impacts, and costs of producing plant wastewater effluent, combined 

secondary treated effluent and HRT wet weather flow effluent flow that meets the discharge 

NPDES permit limits. 

 

The objective of this report is to present a summary of the findings of the ballasted flocculation 

(ACTIFLO and BIOACTIFLO) pilot tests.  The pilot facility was configured to receive raw 

wastewater: (a) primary influent; (B) primary effluent; and (c) return activated sludge (RAS) 

stream.  Primary effluent was used to simulate wet weather conditions during dry weather and 

primary influent during the wet weather conditions.  RAS was the source of MLSS when the 

system was run as BIOACTIFLO. 

 

2.1 NPDES PERMIT REQUIREMENTS 

The City of Lakewood WWTP is complying with NPDES permit, which in the effect from August 

2015 to January 2019.  The target effluent quality for the full scale ACTIFLO HRT system was 

based on the NPDES permit effluent limits as shown in Table 1.    The effluent loadings listed in 

this table are calculated based on average design wastewater flow of 18 MGD.   

 

Table 1: Final Effluent Limits, Monitoring and Basis for Lakewood WWTP Outfall  
NPDES Permit No. 3PE00004001 

Parameter 
Concentration, mg/L Loading (lbs/day) 

Monthly  Weekly  Monthly  Weekly 

TSS 20.0 30.0 3002.40 4503.60 

CBOD5 15.0 23.0  2251.80 3452.76 

Phosphorus 1.0 1.5 150.12 225.18 

pH 6.5 – 9.0  

E. coli (summer only) 126 #/100 mL 284 #/100 mL -- -- 

 

The HRT pilot study showed that the effluent limits outlined in NPDES permit were achieved 

consistently during the wet weather testing period.  The summary of the data from the actual 

and simulated wet weather events can be found in Table 2.  Based on the pilot study results and 

projections for the full HRT system designed to treat 35 MGD wet weather flow, estimated 

effluent loading rates are in compliance with the weekly NPDES permit requirements.     
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Table 2: Summary of Pilot Study Average Treated Effluent Parameters 

Parameters ACTIFLO Effluent Loading, lbs/day 

TSS 13.0±1.6 mg/L 3794.5 

CBOD5 12.0±1.3 mg/L 3502.08 

Phosphorus 0.17±0.06 mg/L 49.62 

E. Coli 15.0±4.2 CFU/100 mL - 

 

During wet weather events, flows higher than 30 MGD to the WWTP will be diverted to the 

ACTIFLO HRT system.  The effluent from the HRT will be combined with the secondary effluent 

from Lakewood WWTP and passed through a common UV disinfection system, which will be 

upgraded to treat peak hour flow of 65 MGD.   

 

Estimated weighted average solids loadings rate during the wet weather event is shown in 

Table 3 and is based on the following: 

a. The WWTP primary and secondary treatment: 

1) Peak Hourly Flow: 30 MGD 

2) Treated effluent solids loading rates are based on weekly loads of TSS, CBOD5 and 

Phosphorus as shown in Table 1 above, 

b.  Actiflo HRT system: 

1) Max wet weather flow rate: 35 MGD 

2) Treated effluent solids loading rates for TSS, CBOD5 and Phosphorus are as 

shown in Table 2 above. 

  

Table 3: Summary of Estimated WWTP Treated Effluent Solids Loadings for 65 MGD Peak 

Hourly Wet Weather Flow 

WWTP Treatment 
Flow 
Rate, 
MGD 

Weighted 
Average 

7-Day Solids Loadings  

TSS,  
 

CBOD, 
  

Phosphorus,  

mg/L lbs/day mg/L lbs/ day mg/L lbs/day 

Primary+Secondary 30  46% 8.3 2072  6.3 1588  0.1 25  

Actiflo 35  54% 7 2049  6.5 1891  0.4 104  

Total 65  - 7.6 4121  6.4 3479  0.24 129  
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Therefore, peak hourly wet-weather increase to 65 MGD will not adversively affect receiving 

stream, since the total suspended and organic loadings are well below the 7-day NPDES permit 

requirements. 

 

3.0 SCREENING OF TECHNOLOGIES 

The City and their Design Professionals have compared four high rate treatment (HRT) 

technologies offered by the four different manufacturers (Kruger-Veolia, Evoqua, Infilco and 

WWETCO).  The technologies were assessed based on the following information:  

 Soliciting pilot plant study proposals;  

 Conducting interviews and manufacturer’s presentations;  

 Site visits.   

The information gathered from the candidate HRT processes is summarized in Table 4, with 

brief description of the HRT technologies provided below. 

 

From the information collected, The City and their Design Professional have selected two 

manufactures, Kruger-Veolia and Infilco Dgrement, to perform a side by side pilot study at the 

Lakewood WWTP.  However, Infilco Degremenot, Inc. has declined participation in the pilot 

study due to the piloting unit unavailability. Therefore, only ACTIFLO/BIOACTIFLO High Rate 

Treatment system, presented by Kruger-Veolia manufacturer was piloted at the Lakewood 

WWTP. 

 

3.1.1 Ballasted Flocculation using Sand Medium (ACTIFLO/BIOACTIFLO) 

The ACTIFLO process is a high-rate chemical and physical clarification process that involves 

the formation of suspended solids onto a ballast particle (microsand) followed by lamellar 

settling. It allows solids to settle out more quickly, thereby requiring a smaller footprint than 

conventional clarification.  BIOACTIFLO configuration is obtained by adding a contact tank 

ahead of the ACTIFLO unit. 

 

3.1.2 Ballasted Flocculation using Magnetite Medium (COMAG/BIOMAG) 

The COMAGTM process uses conventional chemical coagulation and flocculation along with the 

addition of finely ground magnetite as a ballasting agent. The dense magnetite significantly 

increases the weight and settleability of chemical flocs, resulting in high-rate sedimentation. 

Approximately 85 percent of the settled sludge is recycled to provide nucleation sites for floc 
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development.  Excess sludge is passed through a shear mill followed by a magnetic recovery 

drum to recover the magnetite before the nearly magnetite-free sludge is further processed.  

The recovered magnetite is returned to the process.  BIOMAGTM is a similar process using 

magnetite addition directly to the activated sludge process to improve biological floc settleability. 

 

3.1.3 High Rate Solids Contact Clarification (DENSADEG) 

The DENSADEG® process is a high-rate chemical and physical clarification process that 

combines sludge ballasted clarification and lamella filtration. The DENSADEG® process starts 

with the addition of a coagulant to destabilize suspended solids. The flow enters the rapid-mix 

tank for flash mixing to allow the coagulant to take effect then overflows into the reactor tank 

where sludge and polymer are added. 

 

3.1.4 High Rate Compressible Media Filter (WWETCO) 

The WWETCO FlexFilter™ and Bio-FlexFilter™ use a synthetic fiber media bed that is 

passively compressed from the sides by the head of the incoming water. The lateral 

compression forms a cone-shaped porosity gradient that allows the stratification and removal of 

large and small particles from the top to the bottom of the media bed. The porosity gradient 

through the media bed, with its ability to handle heavy solids loading, gives the technology a 

wide range of uses: (a) produce a reuse quality effluent as a tertiary filter; (b) increase the 

organic removal capacity of the facility, and/or reduce its power consumption; and, (c) treat 

excess wet-weather flow including biological treatment, as appropriate. 

 

3.2 DESCRIPTION OF THE HIGH RATE TREATMENT TECHNOLOGY 

3.2.1 ACTIFLO Process Description 

ACTIFLO is a high performance and compact clarification system that uses micro-sand 

ballasted flocculation and settling (Figure 1).  In this process, a coagulant is added to the 

influent wastewater before entering the coagulant tank.  From the coagulation tank, wastewater 

overflows into the maturation tank where micro-sand and polymer are added.  The micro-sand 

acts as ballast by providing a large surface area, enhancing the settling of the agglomerated 

particle.  The destabilized suspended solids will bind to the microsand particles via polymer 

bridging.  High mixing energy from the draft tube surrounding the maturation mixer enhances 

coagulation of the newly formed floc particles.  These floc particles agglomerate and grow into 
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high density, microsand ballasted floc.  The flocculated particles then flow with the surrounding 

water under the stilling baffle of the maturation tank into the settling tank.   

 

In the settling tank, the flocculated sludge settles to the individual lamella plates.  From there 

they move down to discharge to the bottom of the clarifier. The capacity of the settling tank is 

further enhanced by the use of inclined lamella plates.  The ballasted sludge collected at the 

bottom of the settling tank is pumped to hydrocyclones.  In the hydrocyclone, the sludge is 

separated from the microsand by the centrifugal force.  From here, the recovered clean 

microsand is recycled to the maturation tank and the separated sludge is discharge 

continuously as the final sludge stream. 

 

The following is a summary of benefits of this physical/chemical process as reported by the 

manufacturer: 

 The process offers a high degree of flexibility since it has a short start-up time and 

reaches steady-state performance quickly. 

 The high concentration of micro-sand and injection tank mixing intensity allows the 

process to handle sudden variations in flow and water quality (such as turbidity or 

temperature) without compromising effluent quality. 

 Chemical (coagulant and polymer) feed can be adjusted to accommodate variations in 

feed water quality. 

 
Due to the compact nature of this clarification and short hydraulic retention time (less than 10 

min), the startup time is short and can accommodate fluctuations in flow rate quickly.  Addition 

of microsand allows the process to handle sudden variations in turbidity, color and temperature. 

 

 

FIGURE 1: ACTIFLO PROCESS FLOW DIAGRAM 
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Table 24: Summary of the presented Chemically Enhanced HRT Technologies 

Manufacturer Foot Print,  
LxWxH, ft 

Pretreatment 
Requirements 

Effluent Quality Chemicals required Sludge Production & 
Concentrations 

Pilot Plant Requirements Seasonal Impact 

Kruger/Veolia, 
ActiFlo 
BioActiflo 

 39‘x 6.5’ x 23’ height 
 
 

 Screen: 5/8”- required;  
 Grit removal -  

recommended 

 TSS: 50-10 mg/L (85-
95% removal); 

 BOD: 10-40 mg/L 
(40-60% removal); 

 UV will work. 

 Coagulants: Alum & Ferric 
based; 

 HMW anionic polymer; 
 Sand 

 Sludge Production 5% 
of the influent flow; 

 Solids Concentration -
0.2-0.6% 

 Trailer: 53’x’8’x 13.5’ 
 Contact Tank: 6,000 gal 
 Actiflo 150 amps + 60 

amps for Contact Tank; 
 Capacity: 202-310 gpm 
 2-4 gpm potable water 

 During dry weather: 20 min. 
every 2 weeks; 

 During winter: run some flow 
through the HRT system or 
heated mixers to mitigate 
freezing. 

Evoqua, 
CoMagTM & 
BioMagTM 

 Tanks, total of 2, each: 
17.5’x 17.5’x 17.5’ 

 Clarifier: ø45-ft or 
Lamella Clarifier 27’x 27’ 

 Screen: 1/2”- required;  
 Grit removal - required 
 

 TSS: ~ 80% removal; 
 BOD: 56% removal; 
 UV capable. 

 Coagulant: Alum (2 mg/L), 
FeCl3; 

 Dry polymer (1 mg/L) 
 

 TSS  19,000 lb/day  
 Solids Concentration: 

1.5 - 2.0% 

 Trailer mounted  
 10-15% of clarifier 

underflow is returned to 
mixing chamber 

- 

Infilco 
Degremont, 
DensaDeg & 
DensaDeg 
XRC 

 Tanks, 2 units, each:  
59' x 55' x 6.5' 

 Screen: 1/2”- required;  
 Grit removal -  

recommended 
 

 TSS: 80-90% 
removal; 

 BOD: 10-40 mg/L 
(40-60% removal); 

 UV with < 30/30 
effluent. 

 Alum 30-40 ppm or ferric  
 Polymer 1-2 ppm 

 2% sludge for alum; 
 Produces 6-10 times 

less sludge than 
ballasted system. 

 Trailer: 54’ x 9' x 25' (H) 
 Capacity:150 -275 gpm,  
 Power: 90 amps       
 Lab testing & basic 

monitoring.   

No performance impact - mixer 
speeds/increase polymer - 
equipment pumps in controlled 
environment 
 

  

WWETCO, 
FlexFilterTM & 
Bio-FlexFilterTM 

 5 cells - 3' W x 30' L  
 108' L x 62'W x 15" H    
 5 cells with 3 bladders 

each @ 540 SF each cell    

 Screen: 1/2”- required;  
 

 TSS: ~ 80% removal; 
 BOD: 38% removal); 
 UV capable 

 Disinfection  4 mgd @ 1,400 mg/l 
TSS 

 10 gpm / sf. @ 30 gpm 
 Power: 120/240/1-ph  

None 
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3.2.2 BIOACTIFLO™ Process Description 

The BIOACTIFLO process (Figure 2) is a high-rate treatment process that combines biological 

treatment with the ACTIFLO ballasted flocculation high-rate clarification process described in 

the previous section.  Biological treatment is provided by a solids contact basin which is used 

ahead of the ACTIFLO high rate clarification.  This basin has a short hydraulic retention time 

(20 min) and a lower mixed liquor suspended solids (MLSS) concentration than conventional 

aeration basins.  Biomass in the return activated sludge (RAS) is pumped here so that the 

microorganisms in the RAS can contact the soluble biochemical oxygen demand (sBOD) in the 

influent.  The target concentration of MLSS in the contact basin is maintained by using a portion 

of the RAS stream in addition to concentrated sludge from the ACTIFLO high-rate clarification 

process. 

 

The MLSS is aerated for rapid BOD uptake by the biomass.  From the contact tank, wastewater 

flows to the ACTIFLO process.  The result is a process that provides high removal efficiency of 

BOD as well as suspended solids, thereby achieving biological treatment of excess flows while 

preserving the integrity of plant processes and mitigating washout of biomass. 

 

FIGURE 2: BIOACTIFLO™ PROCESS FLOW DIAGRAM 
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3.3 COMPARISON OF ACTIFLO AND CONVENTIONAL TREATMENT 

The primary difference between conventional clarifier and sand-ballasted high rate settling 

technology of ACTIFLO are as follows: 

a. Smaller footprint and basin requirements: Surface overflow rates of the ACTIFLO 

process are 25 to 41 times greater than for conventional primary clarification.  The 

higher loading rates significantly decrease basin volume and surface area requirements. 

b. Ability to compensate for influent variability: Due to the high concentration of micro-sand 

relative to influent particulates, the ACTIFLO process has the ability to accommodate 

variations in flow and influent quality without compromising effluent quality. 

c. ACTIFLO and BIOACTIFLO process performed better than conventional primary 

clarification in terms of measured CBOD and TSS removal efficiencies. 

d. Capital cost to treat a unit volume of wastewater with ACTIFLO and BIOACTIFLO is 

significantly higher than that of the conventional primary clarifier. 

b. The ACTIFLO process requires much less space than primary clarifiers.  
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4.0 PILOT TESTING 

 

4.1 PILOT PLANT LAYOUT 

The container system for an ACTIFLO/BIOACTIFLO pilot unit, supplied by Kruger/Veolia (HRT 

vendor), consisted of a self-contained tractor trailer as shown in Figure 3.  The pilot unit was 

located on the asphalt strip between the aeration tank train and the primary clarifiers as shown in 

Figure 4.  Submersible pumps were dropped into the channel before and after the primary 

clarifier as sources to pump influent to the pilot unit. 

 

The ACTIFLO unit, both in regular as well as biological mode of operation was operated from 

180 – 210 gpm.  These flow rates yielded hydraulic retention times between 0.96 and 1.12 

minutes, respectively, in the coagulation tanks 1 and 2.  Coagulant was dosed inline into the 4-

inch influent pipe inside the trailer followed by a static mixer before entering the first mixing tank 

(coagulation tank) of the process.  Polymer was dosed into the maturation tank.  The maturation 

tank blade used was a 110° pitched hydrofoil blasé to increase mixing energy within the draft 

tube.  The coagulation and injection mixers as well as the maturation mixer were run at 100%.   

 

 

FIGURE 3: ACTIFLO/BIOACTIFLO PROCESS SETUP 
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FIGURE 4: PILOT PLANT LOCATION 
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4.2 ACTIFLO PILOT UNIT DESCRIPTION 

ACTIFLO pilot unit can be used for simulating regular ACTIFLO process or BIOACTIFLO by 

adding a contact tank before the pilot unit.  Details on the pilot unit are provided in Table 5. 

 

Table 5: ACTIFLO and BIOACTIFLO™ Pilot Unit Specification 

Parameter Unit Value 

Coagulation Tank – 1 
Volume 
Length 
Height 
Width 

 
Gal 
In. 
In. 
In. 

 
200 
30 
53 
29 

Coagulation Tank – 2 
Volume 
Length 
Height 
Width 

 
Gal 
In. 
In. 
In. 

 
207 
30 
53 
30 

Maturation Tank 
Volume 
Length 
Height 
Width 

 
Gal 
In. 
In. 
In. 

 
596 
46 
53 
56 

Settling Tank 
Volume 

Surface Area 

 
Gal 
Ft2 

 
473 
5.8 

Krebs Hydrocyclone 
Recirculation Rate 
Overflow/Sludge 

Underflow/Sand Slurry 

 
GPM 
GPM 
GPM 

 
21 

16.8 
4.2 

Contact Tank 
Volume 
Length 
Height 
Width 

 
Gal 
In. 
In. 
In. 

 
5,485 
75.8 
55 
60 

 

Hydraulic detention times available in each section of the pilot unit at various influent flow rates 

are summarized in Table 6. 

 

Table 6: ACTIFLO Pilot Unit Hydraulic Retention Times 

Flow 
Rate 
(gpm) 

Recirculation 
Rate 
(gpm) 

Rise 
Rate 

(gpm/ft2) 

Coagulation 
Zone 1 
(min) 

Coagulation 
2 

(min) 

Maturation 
(min) 

Settling 
(min) 

Total HRT 
(min) 

202 21 32 0.99 1.02 3.03 2.43 7.48 

190 21 60 1.05 1.09 3.23 2.58 7.95 
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4.3 COAGULANT CHEMICAL DATA 

Coagulants evaluated during the pilot study were as follows: 

 Sodium Aluminate, NaAlO2:  32% w/w, active S. G. = 1.33 

 Aluminum Sulfate,Al2(SO4)3·14H2O:  48% w/w, S. G. = 1.33 

 Polyaluminum Chloride ,Al2(OH)xCl6-x:  30% w/w, S. G. = 1.37 

 

4.3.1 Coagulant Limitation – Non Ferric 

ACTIFLO/BIOACTIFLO units have been reported to perform very well when aluminum and iron 

based coagulants were used at optimum concentrations.  However, ferric or ferrous ions are not 

to be used in the pilots because of their incompatibility with the type of diffusers installed at 

LWWTP. 

 

The coagulants selected for testing in the pilot study were aluminum based.  Among them, 

sodium aluminate has been currently used by the LWWTP as coagulant in the primary clarifier. 

 

4.4 POLYMER TYPE INFORMATION USED FOR PILOT STUDY AND ITS COMPATIBILITY 

Three types of dry, anionic polymers, manufactured by Crown Solution were evaluated during 

the pilot study.  The dry polymer was made up as 0.3% w/w solution (3 g/L).  These polymers 

are: 

 Hydrex 3502  

 Hydrex 3596  

 Hydrex 3572  

 

The polymer current used at the LWWTP for dewatering sludge on belt filter presses is dry 

cationic type, CLARIFLOC CE-1040, by Polydyne, Inc.  If ACTIFLO sludge is co-settled in the 

primary clarifier, no significant interaction between the current polymer and those to be tested 

during pilot study is noticed. 

 

4.5 MICROSAND DATA 

The microsand utilized during the pilot study was #65 (effective size 134 um, uniformity 

coefficient of 1.69) manufactured by Manlet Brothers of Indiana, Inc. 

 

The microsand concentration was measured every day to ensure the designed microsand 

concentration was retained in the system.  The recycle rate is typically designed for a flow rate 
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of 10 – 17% of the ACTIFLO process influent, depending on the application.  The hydrocyclone 

splits the influent slurry with approximately 20% returning to the system (underflow) and 80% 

exiting as sludge (overflow).  Ideally, the 20% is limited to sand recycle. 

 

Sampling is performed using a graduated cylinder to capture one liter of underflow from the 

hydrocyclone apex (Figure 5).  The micro-sand should be allowed to settle out in the cylinder for 

60 seconds.  Once settled, the volume of sand (settled) is measured.  The concentration of 

microsand is calculated using the bulk density of microsand (1.77 g/mL), the volume of 

microsand that settled out in the cylinder, and the total sample volume.  The ACTIFLO process 

influent and hydrocyclone influent flow rates are also needed for calculating the microsand 

concentration as shown in Equation 1: 

 

                             Eq. 1 

 

where, 

C – Microsand concentration, g/mL 
VS – Volume of settled microsand after 60 seconds, mL 
VT –Tank sample volume, L 
QR – Hydrocyclone flow rate, gpm 
QI – Influent flow rate, gpm 
X – Recycle percentage, % (if 20%, then X= 20) 
1.77 – Bulk density of microsand, g/mL 

 

 

Figure 5: Schematic of Hydrocyclone and Sampling Location 

 

4.6 CHEMICAL DOSE CALCULATIONS 

All chemical dosages are determined by performing the drawdowns on calibration columns 

attached to feed tubing.  A drawdown is the measured volumetric flow rate of the chemical being 

Graduated 

Cylinder 

Underflow 

Overflow 

Hydrocyclone 

Influent 
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dosed into the system.  Drawdowns (mL/sec) require an accurate measuring column and a 

stopwatch.  With the chemical in the column, the chemical is drawn out at the desired pump 

speed for at least 1 minute (the longer the drawdown, the more accurate the calibration). 

 

4.6.1 Coagulant Dose 

The coagulant dose takes into account the percent activity and the density of the compound.  

The ACTIFLO process influent flow rate (gal/hr) and the measured drawdown (mL/sec) are 

also needed in the calculation.  The coagulant dose rate is calculated using Equation 3: 

 

                   Eq. 3 

Where: 

XC – Coagulant dose, mg/L 

C – Activity of coagulant, % (if 30%, then C = 30) 

 - Density of coagulant, g/mL 

QC – Coagulant feed rate, mL/sec 

QI – Influent flow rate, gal/hr 

 

4.6.2 Polymer Dose 

First, the concentration of the batched polymer has to be calculated.  This is done on either a 

mass or volume basis.  For example, if the polymer is prepared by mixing 3 grams of dry 

polymer or 3 mL of emulsion per one liter of water, then the resulting polymer concentration is 

0.3%.  In order to calculate the polymer dose the drawdown (mL/min) and the influent flow rate 

(gal/hr) are needed.  The polymer dose rate is calculated using Equation 2 below: 

 

                  Eq. (2) 

Where: 

XP – Polymer dose, mg/L 

C – Concentration of polymer solution, g/L 

QP – Polymer feed rate, mL/sec 

QI – Influent flow rate, gal/hr 
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4.6.3 Mols of Metal Dosed per Mol of Phosphorus Removed 

The mols of metal dosed per mol of prhosphorus removed is a function of sludge recycle and 

non-sludge recycle samples.  The ratio is calculated using Equation 4: 

 

                Eq. 4 

Where: 

CI – Coagulant dose, mg/L 

MWM – Molecular weight of metal ion, g/mol 

CPinf CPeff – Amount of P removed, mg/L 

MWP – Molecular weight of P, g/mol 

X – Conversion factor for metal ion weight Vs. coagulant weight: 

 

X for aluminum sulfate: 
OH3)4(SO2Al of  weightmolecular

2Al of  weightmolecular
0.0908

214
  

 

X for sodium aluminate: 
2NaAlO of  weightmolecular

2Al of  weightmolecular
0.6576   

 

 X for polyaluminum chloride: 
OXHnClnAl(OH) of  weightmolecular

2Al of  weightmolecular
0.309

26 
  

 

4.7 FIELD INSTRUMENT CALIBRATIONS 

Calibrations of the field instruments were conducted accordingly to the following procedure 

(Table 7): 

a. The bench top turbidity meter (Hach model 2100N) was calibrated using the Stabcal 

method found on pages 20 – 23 of the Hach manual for 2100N 

b. Bench top pH meter (Orion 3-Star) was calibrated using the recommended method on 

page 19 of the Manual for Bench top pH/ISE meters; this is a three point manual 

calibration buffer method. 

c. The online pH meters (GLI International, model 53P) were calibrated using the 

recommended method in Sections 5.2 on pages 58‐67 of the instruction manual. 
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d. The online influent/effluent turbidity meters, TSS meter and DO probes (SOLITAX) were 

calibrated using the recommended calibration method, which can be found on pages 

37‐39 of the Hach Company Manual for SOLITAX sc turbidimeters. 

 

Table 7: Pilot Unit Field Testing Instruments and Methods 

Parameter pH 
Alkalinity 

(mg/L as CaCO3) 
Turbidity 

(NTU) 
UV254 

Instrument Orion 3-Star 
Test kit, model 

AL-AP 
Hach 2100N 

RealTech P200 
TOC analyzer 

Method 
Epoxy body refillable 

pH/ATC triode 
Drop count titration 
with sulfuric acid 

US EPA method 
180.1 

Hach method 
10054 

 
e. The portable UV254 meter was calibrated using the recommended Hach method 10054.  

UV254 is a measure of ultraviolet absorption at a wavelength of 254 nm.  This parameter 

is a surrogate measure for natural organic matter present in water.  One of the benefits 

of monitoring UV254 is that it is an important factor in identifying the “optimal” coagulant 

dose. 

 

4.8 DAILY STARTUP AND SHUTDOWN PROCEDURE 

During the pilot testing period, the pilot unit was operated on a continuous mode for 8 – 9 hours 

a day.  In general, daily startups consisted of manually starting process equipment and 

instruments and verifying the metering accuracy of the chemical feed pumps. 

 

Shutdown consisted of reversing the startup procedure and allowing the sand pump to run for a 

period of ten minutes after all the equipment had been shutdown to remove sand from the 

settling tank hopper. 

 
4.9 SAMPLING SCHEME 

Samples were split and sent for analyses in two different external labs except for E. coli 

analyses.  Samples collected were divided into two containers and sent one each to CWM 

laboratory and WLI laboratory for analyses.  E. coli analyses were performed by WLI 

Laboratories only. 

 

Testing parameters analyzed as part of the pilot testing, and the corresponding reference 

methodologies are summarized in Table 8.  The following overall sampling approaches were 

implemented during the pilot testing: 
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1. During storm events or simulated storm related flow conditions, grab samples were 

taken from the influent and effluent streams, once every 30 to 60 minutes; 

2. During dry weather flow conditions, grab samples were taken as described for the storm 

conditions.  However, the samples were composited.  The decision on whether or not to 

composite the samples were made by the pilot unit operator based on the influent flow to 

LWWTP and the influent turbidity values recorded at the time of sampling.  

 

Table 8: Testing Methodology and Sample Type for Core and Supplemental Parameters 

Parameter Reference or Methodology Influent Effluent Dry Weather Storm Weather 

TSS EPA 160.2 / SM 2540 D X X C G 

VSS EPA 160.4  X C G 

CBOD5 EPA 405.1 / SM 5210 B X X C G 

E. coli EPA 1603 X X C G 

pH
(a)

 EPA 150.1 X X C G 

Temperature
(a)

 EPA 170.1 X  C G 

Turbidity
(a)

 EPA 180.1 / SM 2130 B X  C G 

Alkalinity EPA 310.2 X  C G 

UV Transmittance   X C G 

Phosphorus EPA 365.1 X X C G 

Notes: 

(a) In-line analysis with instruments. 

C – Composite sample 

G – Grab sample 

In-line monitoring (for pH, temperature and turbidity) and sampling was provided.    The pilot 

plant operator took readings from the in-line monitoring. 

 

Flow monitoring of influent and final effluent was carried out continuously.  The flow totalizers 

were provided for influent flow and RAS flow.  Details of the flow monitoring methods, calibration 

procedures, and the data analysis, evaluation and QA/QC procedures were documented by the 

pilot operator. 
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5.0 PILOT TESTING – CHEMICAL DOSAGE OPTIMIZATION 

Chemical optimization tests were performed on the influent with various coagulant and 

flocculent chemicals in order to understand their ability to remove suspended solids.  

Suspended solids concentrations in the raw and treated samples were analyzed by measuring 

their turbidity because it is instantaneous.  In order to understand how well the turbidity values 

can be related to their TSS, TSS analytical results from the two external laboratories were 

compared with the corresponding turbidity values for various samples (Figure 6). 

 

 

Figure 6: Turbidity and suspended solids values from Pilot Effluent Samples 

 

It must be noted that TSS analysis was completed only on composite samples.  Since 

composite NTU data were not collected, grab sample NTU values were averaged and 

compared with TSS. The data from the pilot shows a ratio of 4.4-5.0 mg/L TSS to 1 NTU 

comparing both outside lab data. 

 

5.1 BIOACTIFLO  

After the initial setup, the pilot unit was operated in BioACTIFLO mode during the first phase of 

testing.  For the first two days, testing was performed to optimize coagulant dose and polymer 

dose before testing rise rate.  Optimal condition for mixed liquor suspended solids (MLSS) 

concentrations, contact tank retention times, and ACTIFLO® hydraulic loading rates were set 
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based on the pilot plant operator experience.  Continuous runs were performed using sodium 

aluminate, alum, and polyaluminum chloride at varying polymer and MLSS concentrations.  

 

Sodium aluminate (NaAlO2) was selected as a candidate coagulant because (a) it is being used 

by the WWTP, and (b) ferric or ferrous based coagulants are not compatible with the type of 

diffusers at the WWTP.  Aluminum sulfate (Al2(SO4)3)and Polyaluminum Chloride (PACL) were 

selected as the other non-ferrous coagulants.  The BIOACTIFLO™ was operated while the plant 

was experiencing CSO wet weather events. Operating conditions and the results of samples 

collected during BIOACTIFLO™ testing are provided in the following sub-sections. 

 

5.1.1 Sodium Aluminate 

Initial testing of the BIOACTIFLO mode of pilot testing began on June 3, 2015 in order to 

develop optimization curves for the process chemicals and parameters.  For this purpose, 

samples collected were analyzed by bench-top analytical instruments and in-line analyzers only.  

TSS is correlated to readings from in-line turbidity analyzers for the influent and effluent 

streams.  CBOD removal is proportional to the amount of biomass it comes in contact with in the 

contact tank.   

 

Varying doses of coagulants and polymer were tested to determine the minimum chemical 

doses required in order to achieve the effluent TSS and CBOD limits.  This optimization step 

was repeated each time the MLSS concentration in the Contact Tank was changed (800 and 

1,200 mg/L target concentrations were tested).  As a coagulant, sodium aluminate was tested at 

dosages in the range of 55 to 90 mg/L.  At the same time, dry anionic polymer Hydrex 3596 was 

used at doses ranging from 2.8 to 3.66 mg/L. Effluent samples were collected at the various 

conditions.  The ACTIFLO® portion of the train was operated with a hydraulic loading rate of 32 

gpm/ft2.  After each parameter change, NTU, UV₂₅₄, and visual observations were used as an 

onsite means of judging effluent quality. This field data provided fairly instant feedback and 

aided in parameter change decisions. Data from the optimization is outlined in Table 9. 

 

For a contact tank MLSS concentration of 1200 mg/L, a dose of 75 mg/L sodium aluminate and 

3.6 mg/L Hydrex 3596 polymer are most effective at reducing effluent turbidity to an optimal 

level. At a contact tank MLSS concentration of 800 mg/L, a slightly lower dose of both sodium 

aluminate and Hydrex 3596, 60 mg/L and 3.3 mg/L respectively, give the optimal effluent 

turbidity level.  The sodium aluminate reduced turbidity to an adequate level, but at the expense 
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of pH increasing to above 8.5 in the effluent.  After two days of optimization testing, the pilot unit 

was shifted to steady state run.  

 

Table 9: BIOACTIFLO Sodium Aluminate Optimization Data (Kruger Lab Analysis) 

Date Time Contact Tank Coagulant Polymer pH Turbidity 

HRT 
(min) 

MLSS 
(mg/L) 

NaAlO2 
(mg/L) 

3596 
(mg/L) 

Inf Eff Inf 
(NTU) 

Eff 
(NTU) 

Removal 
(%) 

6/3/2015 

13:45 21.6 

1,200 

60 

2.8 

7.76 8.50 36.7 12.7 65.4 

14:15 21.4 70 7.76 8.57 39.50 10.30 73.9 

14:45 22.1 80 7.81 8.64 41.70 9.09 78.2 

15:15 21.2 90 7.80 8.68 42.90 31.10 27.5 

15:45 21.2 

75 

7.79 8.56 43.10 39.20 9.0 

16:25 21.9 3 7.78 8.56 44.70 11.50 74.3 

16:45 21.6 3.2 7.77 8.58 45.50 9.86 78.3 

17:05 21.7 3.4 7.74 8.57 45.60 5.95 87.0 

17:25 21.3 3.6 7.74 8.56 45.40 5.53 87.8 

6/11/2015 

9:00  23.3 

800 

60 

3.7 7.67 8.84 48.90 5.57 88.6 

9:30 23.2 3.5 7.70 8.84 35.60 5.16 85.5 

10:00 23.6 3.3 7.60 8.82 259.00 5.34 97.9 

11:00 22.4 55 

3.5 

7.79 8.78 91.40 6.69 92.7 

12:00 22.5 65 7.86 8.79 57.80 6.05 89.5 

12:30 23.0 70 7.82 8.84 39.20 5.82 85.2 

 

 

5.1.2 Aluminum Sulfate  

BIOACTIFLO™ pilot testing with aluminum sulfate began on Monday June 15th, 2015. During 

the optimization testing with aluminum sulfate, MLSS concentrations of 400, 800 and 1200 mg/L 

were maintained in the contact tank. Aluminum sulfate was used as coagulant and tested at 

doses ranging from 70 ‐ 110 mg/L.  After testing various doses of alum, anionic polymer Hydrex 

3596 was tested with doses ranging from 3.0 – 5.0 mg/L.  After testing each combination of 

alum and polymer doses, samples were collected and tested in Veolia lab. The ACTIFLO® 

portion of the train was operated with a hydraulic loading rate of 32 gpm/ft2. After each 

parameter change, NTU, UV₂₅₄, and visual observations were used as an onsite means of 

judging effluent quality. This field data provided fairly instant feedback and aided in parameter 

change decisions. Data from the optimization is outlined in Table 10.  The results of this testing 

presented below: 

a. At a contact tank concentration of 800 mg/L:  A dose of 90 mg/L of aluminum sulfate and 

and 3.7 mg/L of Hydrex 3596 polymer was most effective at reducing effluent turbidity to 

an optimal level. 
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b. At a contact tank concentration of 1200 mg/L:  A slightly higher dose of both aluminum 

sulfate  and Hydrex 3596 , 100 mg/L and 5.0 mg/L respectively, gave the optimal effluent 

turbidity level.  Hydrex 3596 polymer was most effective at reducing effluent turbidity to 

an optimal level.  

c. At a 400 mg/L contact tank concentration: An aluminum sulfate dose of 90 mg/L and a 

Hydrex 3596 polymer dose of 3.0 mg/L gave an optimal effluent turbidity.  

 

Table 10: BIOACTIFLO™ Aluminum Sulfate Optimization Data 

Date Time 

Contact Tank Coagulant Polymer pH Turbidity 

HRT 
(min) 

MLSS 
(mg/L) 

Alum 
(mg/L) 

3596 
(mg/L) 

Inf Eff 
Inf 

(NTU) 
Eff 

(NTU) 
Removal 

(%) 

6/15/2015 

14:15 22.9 

800 

70 

3.7 

7.65 6.72 103.00 1.78 98.3 

14:55 24.4 80 7.43 6.74 96.90 1.53 98.4 

15:25 30.3 90 7.63 6.61 94.70 1.07 98.9 

15:55 31.2 100 7.23 6.50 86.60 1.03 98.8 

16:25 21.2 110 7.43 6.57 87.70 1.53 98.3 

6/18/2015 

8:45 20.4 

1,200 

90 
3.6 

7.72 6.81 27.90 1.53 94.5 

9:15 20.4 100 7.74 6.88 29.40 4.53 84.6 

9:45 20.1 90 3.8 7.63 6.93 36.30 21.10 41.9 

11:00 20.9 100 5 7.64 6.89 36.90 1.62 95.6 

6/24/2015 

9:20 23.1 

400 

90 

3.2 7.58 6.85 26.50 1.77 93.3 

9:40 22.4 3.3 7.57 7.00 36.20 2.54 93.0 

10:00 22.7 3 7.61 6.97 41.20 2.05 95.0 

11:30 22.5 

100 

3.4 7.60 6.85 33.10 2.27 93.1 

11:50 22.4 3.6 7.60 7.08 31.70 2.58 91.9 

12:10 22.6 3.2 7.63 6.99 32.20 1.99 93.8 

12:30 22.6 3 7.59 6.92 31.30 1.74 94.4 

 

During optimization testing, the effluent turbidity averaged 3.2 mg/L with a standard deviation of 

4.9 mg/L.  This high standard deviation was caused by the turbidity value of 21 mg/L measured 

in the sample collected on June 18th, from testing with 1,200 mg/L MLSS, 90 mg/L alum and 3.8 

mg/L polymer.  This data point is considered an outlier because it is more than three standard 

deviations farther from the mean effluent turbidity value.  This high value can be due to an error 

in reporting of the results or due to sample contamination.   

 

After the completion of the optimization tests, dose-performance curves developed from the 

optimization test results were used to perform steady state operation at the desired contact tank 

concentration. 

 



Lakewood, Ohio HRT Pilot Study Report 

 

   26 

5.1.3 Polyaluminum Chloride (PACL)  

BIOACTIFLO™ pilot testing with PACL began on Friday June 26th, 2015 with the generation of 

coagulant and flocculent dose based optimization plots. During optimization testing with PACL, 

a MLSS concentration of 800 mg/L was targeted in the contact tank. PACL was used as 

coagulant and tested at doses ranging from 50 ‐ 80 mg/L. Dry anionic polymer Hydrex 3596 was 

used at a dose of 3.6 mg/L, and samples were collected. The ACTIFLO® portion of the train 

was operated with a hydraulic loading rate (HLR) of 32 gpm/ft2. After each parameter change, 

NTU, UV₂₅₄, and visual observations were used as an onsite means of judging effluent quality. 

This field data provided fairly instant feedback and aided in parameter change decisions. Data 

from the optimization is outlined in Table 11. 

 

Table 11: BIOACTIFLO™ Polyaluminum Chloride Optimization Data 

Date Time 
Contact Tank Coagulant Polymer pH Turbidity 

HRT 
(min) 

MLSS 
(mg/L) 

PACL 
(mg/L) 

3596 
(mg/L) 

Inf Eff 
Inf 

(NTU) 
Eff 

(NTU) 
Removal 

(%) 

6/26/2015 

9:00 22.0 

800 

50 

3.6 

7.57 6.62 16.40 1.48 91.0 

9:30 22.0 60 7.65 6.84 16.30 1.20 92.6 

10:00 22.0 70 7.67 6.71 19.50 1.20 93.8 

11:00 21.3 80 7.65 6.74 21.60 2.81 87.0 

 

A contact tank concentration of 800 mg/L, a dose of 70 mg/L PACL, and 3.6 mg/L Hydrex 3596 

polymer were found to be the most effective at reducing effluent turbidity to the optimal level. 

The days following creation of the optimization curves were used to perform steady state 

operation at the desired contact tank concentration. 

 

5.2 ACTIFLO 

During the second portion of the pilot study (July 7th – 14th) the RAS flow was cut off and the 

system was operated as an ACTIFLO® process.  Coagulant and polymer doses were varied 

throughout the week to provide a wide range of data. Hydrex 3596 polymer was compared to 

Hydrex 3502 and aluminum sulfate and PACL were tested as coagulants. A summary of 

operating conditions and the results of samples collected during ACTIFLO™ pilot testing can be 

found in the subsections below. 

 

5.2.1 Aluminum Sulfate (Al2(SO4)3) and Polyaluminum Chloride Optimization (PACL) 

After initial operation of the pilot unit as BIOACTIFLO®, the ACTIFLO® pilot testing began on 

Tuesday July 7, 2015. A few days of testing was dedicated to varying chemical doses to 
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determine the best operating parameters for meeting the TSS and CBOD effluent goals. During 

this period of testing the following ACTIFLO® parameters were used: 

 Hydraulic loading rate was 60 gpm/ft2   

 PACL was dosed from 40 – 60 mg/L  

 Aluminum sulfate was tested at 60 – 70 mg/L 

 Hydrex 3596 and Hydrex 3502 polymers were tested at doses from 1.0 – 2.0 mg/L.  

 

A summary of results from samples collected during the optimization of ACTIFLO® testing is 

presented in Table 12.     

 

Table 12: ACTIFLO™ Aluminum Sulfate and Polyaluminum Chloride Optimization Data 

Date Time 

Coagulant Polymer pH Turbidity 

 (mg/L)  (mg/L) 
Inf 

(s.u.) 
Eff 

(s.u.) 
Inf 

(NTU) 
Eff 

(NTU) 
Removal 

(%) 

1. PACL 3596  

7/7/2015 

9:45 50 

1.2 

7.67 6.88 30.60 1.37 95.5 

10:15 45 7.65 7.10 27.50 1.59 94.2 

10:45 40 7.60 7.08 29.30 1.88 93.6 

11:15 55 7.62 6.80 31.10 1.42 95.4 

11:45 60 7.63 6.84 33.00 1.36 95.9 

13:15 

50 

1.1 7.58 7.00 35.30 1.59 95.5 

13:45 1.0 7.58 6.94 40.40 2.10 94.8 

14:15 1.3 7.50 7.02 41.60 2.25 94.6 

2. PACL  3502  

7/9/2015 

9:00 

50 

1.2 7.29 6.62 53.00 1.12 97.9 

9:30 1.3 7.40 6.87 49.60 1.27 97.4 

10:00 1.4 7.21 6.79 54.30 1.24 97.7 

10:30 1.1 7.42 7.17 43.50 2.01 95.4 

11:15 1.2 7.27 7.13 41.60 1.80 95.7 

3. Alum  3596   

7/13/2015 
12:00 60 

1.2 
7.46 6.82 51.70 2.21 95.7 

12:30 70 7.43 6.87 44.10 1.30 97.1 

 

During the optimization of ACTIFLO® testing the turbidity was used as a process control by the 

ACTIFLO operator.  The conclusions based on the results presented in the table above are as 

follows:    

a. The ACTIFLO system performance is not greatly affected by the type of the coagulant.  

Both coagulants, the PACL and aluminum sulfate, were found to reduce turbidity to an 

optimal level.   

b. Hydrex 3596 and Hydrex 3502 were both extremely effective at reducing the turbidity. 

Hydrex 3502 allowed more carry over compared to Hydrex 3596.  The Hydrex 3502 is a 
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lower molecular weight polymer than Hydrex 3596.  When there is a sudden fluctuation 

in solids through the ACTIFLO® process, the Hydrex 3596 performs more effectively. 

c. Dosages of 50 mg/L PACL, 60 mg/L aluminum sulfate, and 1.2 mg/L Hydrex 3596 and 

Hydrex 3502 were found to be the effective at reducing turbidity to an optimal level. 
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6.0 PILOT TESTING - PERFORMANCE 

6.1 BIOACTIFLO  

After completing the optimization testing with each of the three coagulants selected, steady-

state tests were run with the corresponding coagulant.  In the Contact Tank, MLSS 

concentration was targeted to be at 400, 800 and 1,200 mg/L for a certain number of days for 

each coagulant.  During this steady-state run, samples were composited during dry weather 

events, and kept as grab samples during wet weather events.  Samples were split and sent to 

two different laboratories for analysis, except for E. coli.  For those parameters that were 

analyzed in two different laboratories, the result was expressed as the average.   

 

The testing results for TSS, CBOD and phosphorus, when operated BIOACTIFLO in steady 

state mode with various coagulants are shown in Appendix A, 7-12, also summarized in Table 

13 below.    

 

Table 13: BIOACTIFLO Steady State Operation Results 

Type of Coagulant BIOACTIFLO Effluent Concentrations 

TSS, 
mg/L 

CBOD5, 
mg/L 

sCBOD5, 
mg/L 

Phosphorus, 
mg/L 

E. Coli 

Sodium Aluminate,  NaAlO2 21-52 9-13 4-9 0.37 -0.42 

65 CFU/100 mL Alum, Al2(SO4)3 5-9 4-15 3-11 0.07-0.2 

PACL 2-4 5-11 4-9 0.07-0.09 

 

Following, is a summary of BIOACTIFLO steady state pilot testing results:  

a. The NEORSD Consent Decree and NPDES permit requirements for TSS, CBOD and 

phosphorus effluent concentrations were met consistently with Alum and PACL 

coagulants. 

b. The Alum and PACL coagulants resulted in very similar effluent concentrations. 

c. All three coagulants were able to achieve effluent phosphorus below 0.5 mg/L under 

steady state continuous operation. 

d. Sodium aluminate is the least effective coagulant. 

e. The TSS removal rate was observed in the range of 50 to 95%.  Refer to Appendix A, 

Figure 9. 

f. The average amount of CBOD load removed by the BIOACTILO per unit mass of MLSS 

maintained in the Contact Tank is 0.20 ± 0.11 lb of CBOD per lb of MLSS.  The 

relationship between the amount of influent CBOD removed and the amount of MLSS 

maintained in the Contact Tank is shown in Appendix A, Figure 14.   
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g. Effluent E. coli concentration in the effluent reached 312 CFU/100 mL on one occasion 

when sodium aluminate was used.  Refer to Appendix A, Figure 23. 

 

6.2 ACTIFLO 

ACTIFLO® steady state testing, dosing PACL as coagulant, began on Wednesday July 8, 2015.   

The feed source was Primary Effluent, and PACL coagulant dosed at 50 mg/L and Hydrex 3596 

polymer dosed at 1.2 mg/L. The hydraulic loading rate (HLR) was maintained at 60 gpm/ft2. The 

second composite sample with PACL began on July 9, 2015, the PACL coagulant was dosed at 

50 mg/L and Hydrex 3502 polymer was dosed at 1.2 mg/L. 

 

The first effluent composite sample, with aluminum sulfate as the coagulant, began on Monday 

July 13th, 2015.  The feed source was Primary Effluent, and aluminum sulfate coagulant and 

Hydrex 3596 polymer were dosed at 70 mg/L and 1.2 mg/L, respectively.  The aluminum sulfate 

coagulant was dosed at 70 mg/L for the second day of continuous testing and 90 mg/L for the 

third day.  The aluminum sulfate dose was varied due to changing influent conditions.  Hydrex 

3596 polymer was dosed at 1.2 mg/L on the second day and 1.5 mg/L on the third day.  A full 

range of lab samples were taken, split and sent to the two third-party labs.  The data from the 

five test runs (composite samples) can be found in Table 14 and also viewed on Appendix A, 

Figures 19-22. 

 

Table 14: ACTIFLO™ Aluminum Sulfate and Polyaluminum Chloride Steady State Data 

Date Time Coag’t 
TSS CBOD5 sCBOD5 Phosphorus 

Inf Eff RE Inf Eff RE Inf Eff RE Inf Eff RE 

7/8/15 11:45 PACL 298 11 96% 62.4 6.9 89% 11.3 6.8 40% 4.1 0.10 97% 

7/9/15 15:30 PACL 37 4 89% 14.4 3.7 74% 5.7 4.1 28% 0.7 0.06 91% 

7/13/15 15:30 Alum 16 12 25% 54.1 9.8 82% 15.9 7.6 52% 2.0 0.13 93% 

7/14/15 
11:00 Alum 83 13 84% 43.6 9.6 78% 12.1 6.2 49% 2.9 0.22 92% 

14:45 Alum 81 18 78% 20.5 13.5 34% 14.8 8.4 43% 2.6 0.19 93% 

Note:  RE –removal efficiency. 

 

The testing results for TSS, CBOD, phosphorus, when operated ACTIFLO in steady state mode 

with various coagulants, are shown in Appendix A, Figures 19-21, and also summarized in 

Table 15 below.      
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Table 15: ACTIFLO Steady State Operation Results 

Type of Coagulant ACTIFLO Effluent Concentrations 

TSS, 
mg/L 

CBOD5, 
mg/L 

sCBOD5, 
mg/L 

Phosphorus, 
mg/L 

E. Coli 

Alum, Al2(SO4)3 12-14  11-13 8-9 0.13-0.21 X CFU/100 mL 

PACL 4-10 8-11 6-11 0.13-0.62 

 

Based on the overall summary of effluent data presented in Tables 14 and 15, obtained from 

ACTIFLO steady state pilot testing, the conclusions are drawn as follows:  

a. The NEORSD Consent Decree and NPDES permit requirements for TSS, CBOD5 and 

phosphorus effluent concentrations were met consistently with Alum and PACL 

coagulants. 

b. The PACL and aluminum sulfate coagulants were effective and resulted in similar 

effluent concentrations for TSS, CBOD, and phosphorus. 

c. Both aluminum sulfate and polyaluminum chloride were able to achieve effluent 

phosphorus below 0.7 mg/L under steady state continuous operation. 

d. Observed TSS removal rate was ranging between 74 to 97%. Refer to Appendix A, 

Appendix A, Figure 20. 

e. E. Coli samples were sent to WLI laboratory for analysis.  The results of the composite 

samples taken are shown in in Table 16. 

 

Table 16: E. Coli Sample Analysis Results 

Date 
E. coli (CFU/100 mL) 

Raw Inf. to UV Eff. from UV 

6/8/2015  770,000 23 

6/9/2015  1,500,000 65 

6/10/2015  2,500,000 310 

6/16/2015 590,000 116,000 2 

6/17/2015  170,000 12 

6/22/2015  134,000 5 

6/23/2015  17,740 4 

6/24/2015  250,000 32 

6/25/2015  260,000 20 

6/29/2015  91,000 <1 

6/30/2015  78,000 4 

7/1/2015  35,000 16 

7/6/2015  68,000 2 

7/9/2015  11,610 8 

7/13/2015  270,000 10 

7/14/2015  1,070,000 20 
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During operation of the BIOACTIFLO® and ACTIFLO™ at the Lakewood WWTP, the effluent 

from the ACTIFLO® was passed through a portable UV system. Samples were taken before and 

after the UV unit for E. Coli analyses. The goal for removal is to achieve 126/100 mL E. coli 

(recreational season geometric mean) and 284/100 mL E. coli (rolling seven days of activation 

geometric mean).   

 

The E. Coli reduction through the UV system, after being treated by both the ACTIFLO® and 

BIOACTIFLO™ processes, met the removal goal of 126/100 mL recreational season geometric 

mean for all but one of the samples taken (Appendix A, Figure 23).  The 284/100 rolling seven 

day geometric mean was met over the entire duration of the study (Appendix A, Figure 24). 
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7.0 EVALUATION OF BIOACTIFLO AND ACTIFLO 

 
7.1 DISCHARGE PERFORMANCE  

Target performance goals and continuous run trial results at optimum chemical doses are 

summarized in Table 17.  Values shown in Table 17 are based on an average of all continuous 

trials performed at optimum chemical doses.  Total and soluble CBOD and TSS are included in 

the Table for comparison purposes. 

 

Table 17: Effectiveness of Process to Achieve Performance Goals 

Parameter Unit 

Target Measured Performance 

NEORSD 
NPDES  
7-day 

Sodium 
Aluminate 

Alum PACL 

BIOACTIFLO™    

Effluent CBOD5 mg/L <40 23 11.3±1.9 8.3±4.0 9.5±3.0 

Effluent sCBOD5 mg/L N.E. NA 6.7±2.0 6.0±3.3 7.3±2.9 

Total sCBOD5 removal % N.E. NA 59.3 72.2 76.8 

Effluent TSS mg/L <40 30 30±15 7.4±2.2 3.0±0.8 

Effluent Total P mg/L N.E. 0.7 0.39±0.02 0.12±0.04 0.12±0.10 

Effluent E. coli CFU/100mL 
<126a <126 133±155 12.5±11.6 6.2±6.1 

<284b <284 -- 10.9±4.8 6.5±6.1 

ACTIFLO    

Effluent CBOD5 mg/L <40 23 -- 12.0±1.3 9.3±1.7 

Effluent sol. CBOD5 mg/L NE NA -- 8.5±0.2 8.3±2.8 

Total sCBOD5 removal % NE NA -- 70.8 89.2 

Effluent TSS mg/L <40 30 -- 13.0±1.6 6.7±3.1 

Effluent Total P mg/L NE 0.7 -- 0.17±0.06 0.32±0.27 

Effluent E. coli CFU/100mL 
<126a <126 -- 15.0±4.2 5.0±4.2 

<284b <284 -- -- -- 
Notes: 
NE.: Performance goal was not established in the NEORSD consent decree for HRT pilot. 
a - Geometric mean for each day in which a discharge occurs. 
b - Rolling geometric mean for each seven-day period. 
 

Based on the overall summary of effluent data presented in Table 17 above, it can be inferred 

that BIOACTIFLO and ACTIFLO can achieve effluent that meets the discharge standards 

consistent with both NEORSD consent decree for pilot testing as well as the secondary 

standards for CBOD5, TSS, and phosphorus based the current NPDES permit for Lakewood 

WWTP. 

 

The BIOACTIFLO mode of operation was able to achieve better effluent quality than ACTIFLO.  

However, the overall effluent quality achieved with ACTIFLO only is sufficient to meet target 
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effluent quality.  Therefore, the investment for contact tank required in order to operate as 

BIOACTIFLO is not justified.   

 

7.2 COAGULANT AND POLYMER PERFORMANCES 

During BIOACTIFLO™ testing, pilot unit was operated at a hydraulic loading rate (HLR) of 32 

gpm/ft2 and MLSS concentration in the contact tank above 800 mg/L, the effluent goals were 

met by using following chemicals (refer to Figure 6): 

a. Sodium aluminate (NaAlO2) was found not very effective and with a drastic effect on pH. 

Sodium aluminate raises the effluent pH to about 8.9 when it is dosed as a coagulant.  

Each mole of sodium aluminate produces one mole of sodium hydroxide as shown in the 

equation below: 

 

2 NaAlO2 + 4H2O  2 NaOH + 2 Al(OH)3 

 

In order to neutralize pH, acid such as sulfuric acid must be added.  For the optimum 

sodium aluminate dose of 75 mg/L, volume of concentrated sulfuric acid needed to 

neutralize is calculated to be 0.35 mL per 1 gallon of effluent. 

 

The use of sodium aluminate (NaAlO2) as a coagulant did not achieve consistent TSS 

removal sufficient to meet NPDES limit.  Based unsatisfactory quality of sludge 

flocculation and requirement for acid to neutralize final effluent, the sodium aluminate is 

not recommended for use as coagulant. 

  
b. PACL and aluminum sulfate coagulants with Hydrex 3596 as polymer was found to be 

effective in BOD removal even at high influent concentrations associated with the first 

flush wet weather flow.  

 
As shown in Table 18, the cost per unit volume treated (per 1 MGD) associated with PACL is 

significantly higher than those associated with aluminum sulfate.  Due to inadequate level of 

performance, sodium aluminate is not considered during regular ACTIFLO run. 
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Table 18: Comparison of Process Chemical Costs 

Chemical 
Optimum Dose 

(mg/L) 
Unit Cost 

($/lb) 
Daily Chemical Cost 

($/day/MGD) 

BIOACTIFLO™ 

Sodium Aluminate-NaAlO2 60 0.23 115 

Aluminum Sulfate -Al2(SO4)3 100 0.50 417 

PACL 65 1.80 976 

Hydrex 3592 3 2.25 56 

Sulfuric Acid (H2SO4) 175 0.14 204 

Ballast Sand 3 0.10 2.50 

ACTIFLO 

Aluminum Sulfate 100 0.50 417 

PACL 65 1.80 976 

Hydrex 3592 1.0 2.25 19 

Ballast Sand 2.5 0.10 2.10 

 

Overall, the performance level of Alum and PACL are comparable and both these coagulants 

were able to achieve the target effluent quality:     

a. Effluent CBOD in the BIOACTIFLO was well within the target of 40 mg/L, ranging from 

8.3 to 11.3 mg/L for the three coagulants tested.  With alum and PACL, the soluble 

fraction of the BOD (72% and 77%, respectively) is much higher than that with sodium 

aluminate (59%).   

b. Analysis of the amount of biomass added to the Contact Tank and the amount of CBOD 

removed showed a relatively consistent 0.2 lb CBOD removal per lb of MLSS present in 

the system.  This indicates that some biological removal of CBOD is possible even 

though the contact time is only about 27 minutes. 

c. Phosphorus removal is more effective with alum and polyaluminum chloride (90 – 95%) 

compared to times when sodium aluminate (80 – 85%) was added as a coagulant.  For 

the entire BIOACTIFLO run, the effluent phosphorus remained less than 0.5 mg/L 

regardless of the metal salt used for coagulation. 

d. During ACTIFLO® testing the goals were met using either PACL or aluminum sulfate as 

coagulant, Hydrex 3596 and Hydrex 3502 as polymers, and operating at a hydraulic 

loading rate of 60 gpm/ft2.  This higher overflow rate was achieved by inserting inclined 

plates in the clarifier tank. Testing during wet weather flow was more representative 

because of the influent wastewater characteristics that would be realized during the full 

scale application of each process. 

e. The maximum influent total CBOD observed was 73 mg/L.  Total CBOD removal 

efficiency was observed in the range of 50 to 85%.    CBOD5 reduction is totally related 
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to solids removal accomplished and thereby any oxygen demand exerted by the organic 

portion of those solids.  As shown in Appendix A, Figure 19, the CBOD5 removal 

efficiency is proportional to its influent concentration.  Overall, the effluent total and 

soluble CBOD were similar and remained in the range of 8 to 12 mg/L, indicating that the 

final effluent is mostly soluble CBOD. 

f. Phosphorus removal also appears to be dependent on the particulate fraction in the 

influent.  The influent phosphorus during the ACTIFLO run ranged from 1.1 to 6.3 mg/L.  

The effluent phosphorus concentrations ranged from 0.2 to 0.6 mg/L (Appendix A, 

Figure 21).  This result indicates that almost all phosphorus removal occurs because of 

chemical precipitation, and no significant biological uptake. 

 

Based on these findings and the unit cost, the most favorable coagulant for this application 

appears to be Alum. 

 

7.3 SLUDGE GENERATION AND HANDLING 

Due to the higher TSS removal efficiency, the ACTIFLO process will generate more sludge than 

the conventional primary treatment process.  At the same time, the ACTIFLO sludge stream has 

a significantly lower solids concentration.  Based on the observations during the pilot study, 

ACTIFLO sludge stream concentrations ranged between 1,000 and 21,000 mg/L during the pilot 

study.  Based on the average sludge concentration of 8,000 mg/L, ACTIFLO sludge flow rates 

are estimated to be up to 30 gDS/gal of wastewater treated. 

 

An intermediate thickening process would be required between the ACTIFLO and sludge 

digestion processes.  

 

7.4 COST ANALYSIS 

Present worth analysis of chemical usage for ACTIFLO and BIOACTIFLO options to treat 35 

MGD and 45 MGD of wet weather flow are presented in Appendix B.  The annual operating 

costs for the alternatives were based on the assumption that the full scale HRT unit will be 

operated for 23 days each year.  This is based on the number of days overflow was observed 

during the summer of 2015.  During each day of operation, the system is assumed to operate at 

full capacity the entire day.  In reality, the chemical dosing system is capable of changing the 

dosage according to the actual pollutant load entering the HRT unit. 
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8.0 CONCLUSIONS AND RECOMMENDATIONS 
 

Lakewood WWTP pilot testing results indicate that both ACTIFLO and BIOACTIFLO™ modes of 

operation are viable options for treating wet weather flows.  Other relevant comments are as 

follows: 

a. ACTIFLO system is recommended over BIOACTIFLO as the preferred HRT because it 

can achieve the desired effluent quality at lower cost. 

b. Sodium aluminate is not a preferred coagulant because of its poor floc structure, high 

effluent pH (very close to the upper end of the discharge limit), and its inability to 

consistently maintain effluent TSS below 40 mg/L during wet weather conditions.  Feeding 

acid can achieve neutral pH.  However, this means adding a hazardous chemical 

inventory to the HRT building which is not desirable. 

c. During CSO weather and simulated CSO weather BIOACTIFLO™ operation, the TSS 

and CBOD limits of < 40 mg/L were met during every run using PACL and aluminum 

sulfate.   Optimal dosages for PACL, aluminum sulfate, and Hydrex 3596 polymer at the 

two optimal tank concentrations of 800 and 1200 mg/L are as follows: 

d. Best performance occurred at 800 mg/L MLSS, 3.7 mg/L of Hydrex 3596 polymer, and 

70 – 110 mg/L of alum.  The above mentioned parameters consistently achieved 78.3% 

– 98.9% of TSS removal. 

Contact Tank 
Coagulant 1/ Flocculent 

Concentrations 
Coagulant 2 / Flocculent 

Concentrations 

PACL Hydrex 3596 Al2(SO4)3 Hydrex 3596 

MLSS 800 mg/L 60 mg/L 3.2 – 4.8 mg/L 90 mg/L 3.6 mg/L 

MLSS 1200 mgL 80 mg/L 3 mg/L 100 - 115 mg/L 5.0 mg/L 

 

e. During CSO weather and simulated CSO weather ACTIFLO® operation the TSS and 

CBOD limits of < 40 mg/L were met during every run using PACL and aluminum sulfate.  

Optimal dosages form PACL, and aluminum sulfate during ACTIFLO® operation are as 

follows: 

 PACL dosed at 50 mg/L and Hydrex 3596 polymer dosed at 1.2 mg/L. 

 Aluminum Sulfate dosed at 70 - 90 mg/L and Hydrex 3596 polymer dosed at 1.2 - 2.0 

mg/L.  It must be noted that the TSS removal efficiency with aluminum sulfate did not 

change significantly with higher doses. 

f. PACL in combination with polymer 3502 provided the highest and most consistent 

turbidity removal efficiencies, although all coagulants tested were able to achieve 

effluent compliance. 
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g. Aluminum sulfate is the optimum choice of coagulant based on its lower unit cost than 

PACL and its ability to achieve the target effluent parameters. 

h. During both ACTIFLO and BIOACTIFLO™ modes of operation, effluent E. Coli 

concentration remained well below the rolling 7-day geometric mean limit of 284 

CFU/100 mL.  On June 10, 2015 (first wet weather flow during the pilot study), the 

effluent E. Coli exceeded the maximum daily mean value of 126 CFU/100 mL. 

i. During BIOACTIFLO™ and ACTIFLO operation, the effluent phosphorus was 

consistently below 0.2 mg/L when alum and PACL were used as coagulant.  On one 

occasion, during the wet weather flow on June 10, 2015, the effluent phosphorus 

exceeded 2 mg/L after 1.5 hours of operation with sodium aluminate as coagulant. 

j. ACTIFLO HRT system  proved to be sufficient to consistently achieve the NEORSD 

Consent Decree and NPDES effluent limits for TSS, CBOD5, Phosphorus and E.coli as 

show in the table below. 

Parameter Units 
NEORSD 

Limit 

NPDES Limit 
ACTIFLO 
Effluenta Monthly 

Avg 
Weekly 

Maximum 

TSS mg/L 40 20 30 13.0±1.6 

CBOD5 mg/L 40 15 23 12.0±1.3 

Phosphorus mg/L  1.0 1.5 0.17±0.06 

E. COLIb CFU/100 mL 126 126 - 15.0±4.2 

E. COLIc CFU/100 mL 284 284 - - 

a- Alum as coagulant and Hydrex 3596 
b- Recreational seasonal geometric mean 
c- E.coli below 284 CFU/100 mL as a 7-day rolling geometric mean 
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APPENDIX A 

BIOACTIFLO & ACTIFLO STEADY STEATE PILOT RUNS 

FIGURES 7-24
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FIGURE 7: BIOACTIFLO PILOT RUN – TOTAL AND SOLUBLE CBOD5 
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FIGURE 8: BIOACTIFLO PILOT RUN – EFFLUENT TOTAL CBOD 7-DAY RUN AVERAGE OF FLOW WEIGHTED  
ARITHMETIC MEAN 
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FIGURE 9: BIOACTIFLO PILOT RUN –  INFLUENT AND EFFLUENT TSS 
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FIGURE 10: BIOACTIFLO PILOT RUN – EFFLUENT TSS 7-DAY RUN AVERAGE OF FLOW WEIGHTED ARITHMETIC MEAN 
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FIGURE 11: BIOACTIFLO PILOT RUN – CONTACT TANK MLSS AND MLVSS 
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FIGURE 12: BIOACTIFLO PILOT RUN – INFLUENT AND EFFLUENT TOTAL PHOSPHORUS 
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FIGURE 13: BIACTIFLO PILOT RUN – INFLUENT AND EFFLUENT pH 
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FIGURE 14: BIOACTIFLO PILOT RUN – CBOD REMOVAL AND MLSS 
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FIGURE 15: WET WEATHER BIOACTIFLO PILOT RUN ON JUNE 10 2015 - TOTAL AND SOLUBLE CBOD 
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FIGURE 16: WET WEATHER BIOACTIFLO PILOT RUN ON JUNE 10 2015 – TSS AND VSS 
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FIGURE 17: WET WEATHER BIOACTIFLO PILOT RUN ON JUNE 10 2015 – TOTAL PHOSPHORUS 
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FIGURE 18: WET WEATHER BIOACTIFLO PILOT RUN ON JUNE 10 2015 – INFLUENT AND EFFLUENT pH 
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FIGURE 19: ACTIFLO PILOT RUN – TOTAL AND SOLUBLE CBOD 
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FIGURE 20: ACTIFLO PILOT RUN – INFLUENT AND EFFLUENT TSS 
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FIGURE 21: ACTIFLO PILOT RUN – INFLUENT AND EFFLUENT TOTAL PHOSPHORUS 
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FIGURE 22: ACTIFLO PILOT RUN – INFLUENT AND EFFLUENT pH 
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FIGURE 23: BIOACTIFLO/ACTIFLO PILOT RUN – E. COLI DAILY VALUE 



Lakewood, Ohio HRT Pilot Study Report 

 

   57 

 

FIGURE 24: BIOACTIFLO/ACTIFLO PILOT RUN – E. COLI 7-DAY ROLLING GEOMETRIC MEAN
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APPENDIX B 

PRESENT WORTH ANALYSIS OF BIOACTIFLO & ACTIFLO HIGH 

RATE TREATMENT SYSTEMS  
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PRESENT WORTH (PW)  ANALYSIS OF CHEMICAL USAGE FOR BIOACTIFLO AND ACTIFLO ALTERNATIVES 
 
Present worth analysis is based on 20 years of equipment service life and 3% interest rate /year . 

 

Alternative Description Chemical Dosage Unit Chemical Cost 

Daily 
Chem Cost 

PW of 
Annual 

Chemicalsb   

 
NaAlO2 
(lb/d) 

Alum 
(lb/d) 

PACL 
(lb/d) 

Polymer 
(lb/d) 

 
H2SO4 
(gal/d) 

Sand 
(lb/d) 

 
NaAlO2 
($/lb) 

Alum 
($/lb) 

PACL 
($/lb) 

Polymer 
($/lb) 

 
H2SO4 
($/gal) 

Sand 
($/lb) 

1. BIOACTIFLO                

35 MGD 

-NaAlO2a 

17,514 26,271 17,514 

  

876 

 

0.50 1.80 

2.25 2.15 0.10 13,375 3,937,000 

- ALUM 1,168 3,308 0.23 2.25  0.10 15,850 4,543,200 

- PACL 1,051   2.25  0.10 33,977 9,739,000 

45 MGD 

-NaAlO2 

22,518 33,777 22,518 

  1126 0.23 0.50 

1.80 

2.25 2.15 0.10 17,660 5,061,900 

- ALUM 1,501 22,518 

 
 

 

2.25  0.10 20,379 5,841,200 

- PACL 1,351  2.25  0.10 43,685 12,521,500 

2. ACTIFLO                

35 MGD 
- ALUM 

 29,190 18,974 
467  

876 -- 0.50 1.80 
2.25  0.10 15,733 4,509,700 

- PACL 350  2.25  0.10 35,028 10,040,100 

45 MGD - ALUM  
- 

37,530 24,395 600 
- 

1,126 
-- 

0.50 1.80 2.25  0.10 20,229 5,798,200 

 - PACL   450    2.25  0.0 45,036 12,908,700 

 

Notes: 

(a) Sodium aluminate. 

(b) Overflow events assumed to occur 23 days in a year. 

(c) ACTIFLOOverflow sludge from the full scale unit is assumed to be brought back to LWWTP and removed along with its primary sludge. 

 

 

 

 



Lakewood, Ohio HRT Pilot Study Report 

 

 60  

 

 

 

 

 

 

 

 

 

APPENDIX C 

VEOLIA PROPOSAL FOR PILOT STUDY – MAY 20, 2015 
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APPENDIX D 

PILOT PLANT PROTOCOL – JUNE 2, 2015 

 

 



APPENDIX 5-2
Basis of Design Memorandum 

of High Rate Treatment Facility
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