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Abstract 

 

Greenfield Wastewater Reclamation Plant (GWRP) is located in Gilbert, AZ. This facility is the end-of-

line treatment for the wastewater generated within its area and also receives untreated solids from 

Southeast Water Reclamation Plant (SEWRP), which is a midline treatment facility. The plant is currently 

reaching the maximum limits of its 24-million gallon per day (MGD) treatment capacity, and within the 

next two years will need to have its working capacity increased to satisfy the new wastewater demand. 

Analysis of historical flow profiles indicated that a new design capacity of 38 MGD would satisfy the 

wastewater demand for approximately 15 to 20 years. With the suggested design and capacity for 

expansion, it was recommended that the current struvite prevention process is replaced with a magnesium 

based process that would allow for struvite recovery. Based on the design and capacity recommendations 

the plant upgrade will cost 55-million USD in base capitol. This is 7-million USD above the theoretical 

budget of 48-million USD (Schutsky, 2017). The resulting final operation and maintenance costs will be 

22-million USD. The upgrades to the plant’s capacity and struvite treatment system are to be 

implemented by 2020, and will not interfere with the plant’s current operation. 

 

Team Member Roles and Responsibilities 

Kyle Christie 

 Current Market Information, Overall Process (Economic), Foul Air Treatment (All), 

Secondary Sedimentation (All), Sludge Thickening and Dewatering (Economics), 

Anaerobic Digestion (All) 

Joseph Schlosser 

 Analysis of Existing Treatment Process, Overall Process (Economic), Struvite Prevention 

(All), Filtration (Environmental), Disinfection (All), Conclusion 

Erica Vanover 

 Overall goal, Overall Process (Safety/Environmental), Struvite Prevention (Overview, 

Economic), Aeration (All), Sludge Thickening and Dewatering (Overview, 

Safety/Environmental, Rationale) 

Brandon Velasquez 

 Abstract, Project Premises and Assumptions, Headworks (All), Primary Sedimentation 

(All), Filtration (All), Pumps (All) 

 

 

 

 

 

 



Table of Contents           Page 
 

Section 1: Introduction and Background...................................................................................... 1 

1.1 Overall Goal ...................................................................................................................... 1 

1.2 Current Market Information .............................................................................................. 1 

1.3 Project Premises and Assumptions ..................................................................................... 2 

Section 2: Process Description, Rationale, and Optimization ......................................................... 3 

2.1 Analysis of Existing Treatment Process ............................................................................... 3 

2.2 Overall Process Description ................................................................................................ 4 

Section 3: Equipment Description, Rationale, and Optimization ..................................................11 

3.1 Determination of Design Criteria with a Decision Matrix....................................................11 

3.1.1 Headworks .................................................................................................................11 

3.1.2 Foul-Air Treatment ....................................................................................................12 

3.1.3 Primary Sedimentation ...............................................................................................13 

3.1.4 Aeration .....................................................................................................................14 

3.1.5 Secondary Sedimentation ............................................................................................15 

3.1.6 Sludge Thickening and Dewatering .............................................................................16 

3.1.7 Anaerobic Digestion ....................................................................................................17 

3.1.8 Struvite Prevention .....................................................................................................18 

3.1.9 Filtration ....................................................................................................................20 

3.1.10 Disinfection ...............................................................................................................21 

3.1.11 Pumps ......................................................................................................................22 

3.2 Conclusions and Recommendations ...................................................................................23 

References .................................................................................................................................24 

 

 

 

 

 

 

 



1 
 

Section 1: Introduction and Background 

1.1 Overall Goal 

The goal of this project was to conduct an overall analysis on the wastewater treatment process of 

Greenfield Water Reclamation Plant (GWRP) in order to design an expansion to meet the desired 

increased capacity of 30-million gallon per day (MGD) annual average day flow (AADF) with 8 MGD of 

solids equivalent. The facility currently handles 16 MGD with 8 MGD of solids equivalent and is 

designed to produce Class A+ reclaimed water and Class B biosolids in accordance with the Arizona 

Department of Environmental Quality (ADEQ) standards. Class A+ reclaimed water, as defined by 

ADEQ, is “wastewater that has undergone secondary treatment, filtration, nitrogen removal treatment, 

and disinfection,” (ADEQ, 2016). Similarly, Class B biosolids must have 99% of pathogens measured in 

untreated biosolids removed during treatment (Artiola, 2011).  

 

The plant receives influent wastewater from the cities of Gilbert, Mesa, and Queen Creek and the 

additional 8 MGD solids equivalent from the Southeast Water Reclamation Plant (SEWRP) in Mesa. The 

overall analysis of the treatment process included an evaluation of historic wastewater characteristics, 

development of a decision matrix for process technology comparison and selection, life-cycle cost 

analysis (LCA), and preliminary design of suggested technology. 

 

1.2 Current Market Information 

This section will focus on the value of the recovered struvite, as wastewater treatment on its own is not 

considered a venture undertaken for profit. The recovered struvite can be used directly as an industrial 

fertilizer alternative since it is bioavailable without any post processing.  

 

Maricopa County accounts for 222-thousand acres of cropland with the largest portions going to the 

planting of cotton and hay (USDA, 2012). Phosphorus requirements for these crops are listed at 30 lb/acre 

of P2O5 for cotton (Snyder, 2003) and 30-35 lbs/acre for hay/alfalfa products (Government of Alberta, 

2009). Assuming that the amount of phosphorus needed per acre across all crops is the average between 

cotton and hay, 32.5 lb/acre, then the total amount of phosphorus based fertilizer needed across the county 

totals 20-thousand lbs/day. The current industrial standard diammonium phosphate (DAP) prices 

averaged 425 USD per ton (Schnitkey, 2017) making the total cost of fertilizer needed 4-thousand USD 

per day when averaged over a full calendar year. If the recovered struvite is priced at 231 USD by recent 

market estimates (Molinos-Senante, 2010) then these farms could collectively save 310 USD per day, 

while bringing in 113-thousand USD of revenue annually for GWRP. The price of fertilizer has fluctuated 

greatly over the past two decades as seen in figure 1 below. 
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Figure 1: Price of Phosphorus Fertilizer from 1994 to 2017 

 

The fertilizer market fluctuates more than any other major cost consideration in crop production (Klein, 

2017). However USGS phosphorus reserves, or the phosphorus that is economically feasible to mine with 

current technology are projected to run out in the next 80 years. This could eventually lead to phosphorus 

conflicts much like those for oil that plagued the 1990s and 2000s (Phosphorus Supply And Demand, 

2016). Therefore the current downward trend seen in the last five years in fertilizer price should increase 

in the near future. Providing a sustainable source of industrial grade fertilizer from struvite will ease the 

burden on the mining of phosphorus and should produce increasing returns for GWRP overall.  

 

1.3 Project Premises and Assumptions 

Based on the historic flows of the municipal wastewaters from Mesa, Gilbert, and Queen Creek there is a 

clear trend showing the average flow to the plant has increased over the years, requiring an expansion of 

the facility to handle higher loads in the future. After a rigorous analysis and designing process the 

proposed expansion included in this report should not only account for the increase in flows, but also 

maintain the current water effluent quality standards that the facility currently holds. In addition to the 

expansion, it has been proposed in this report for the addition of a phosphorus recovery system to be 

introduced to create a revenue stream as well as removing the buildup of struvite in the piping of the 

plant.  

 

As is the case in most expansion projects, additional pieces of equipment were added in parallel with the 

existing ones. When the scores of the decision matrix warranted keeping the current process types it was 

assumed that duplicate systems could be implemented, but scaled to the number that could handle the 

desired flow. If not, then the alternative processes were used in parallel instead and were sized based on 

desired efficiencies and flows. As a guide for the analyses of the current process equipment the operator’s 

manuals for the plant’s phase II expansion were used (Operation and Maintenance Manual Volume 1, 

2008 and Operation and Maintenance Manual Volume 2, 2008). In addition to this, in terms of costing, it 

was assumed that the material of construction for all process equipment could be carbon steel, since there 

are no highly caustic, reactive, or extreme temperatures present in the plant. This is also the material that 

is currently used in the plant. 
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Section 2: Process Description, Rationale, and Optimization 

2.1 Analysis of Existing Treatment Process 

To date, the GWRP meets and exceeds the regulation requirements for the treatment process. The facility 

does not have any major operational issues, and has not had any notable deviations from the required 

operation parameters. The wastewater characteristics have remained relatively consistent throughout the 

years as shown in figure 1. Biological oxygen demand (BOD), chemical oxygen demand (COD), and total 

suspended solids (TSS) have had higher variances with time, but have not caused any issues in the plant’s 

operation. Total Kjeldahl Nitrogen (TKN) has had a 70 % reduction in variance and has been more 

consistent than the other characteristics. Total flow has been linearly increasing throughout time, however 

the last 2 years have seen higher relative increases. For this reason linear regression was used to predict 

flows based on the last 2 years of data. The result of the linear regression is as follows: 

 
This equation was used to predict the flows for 10 years after 2020, which is the theoretical date for 

completing the upgrade. This equation shows that the plant will reach an average daily flow of

. This is expressed with 95 % confidence intervals. These results show that upgrading 

the plant to 38 MGD will be satisfactory for 10 to 15 years after implementation. The calculations for 

variance, predicted flow, and confidence intervals are shown in Appendix F. 
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Figure 2: Historical Wastewater Characteristics 

 

2.2 Overall Process Description 

Liquid Treatment Process 

The influent wastewater received by Greenfield Water Reclamation Plant (GWRP) comes from the cities 

of Gilbert, Mesa, and Queen Creek (stream #1). The wastewater travels through the headworks building 

for preliminary treatment, which consists of bar screens (S-101) and grit separators (C-101) to remove 

large solids. The initial air stripping system for foul odor control is located near headworks as well, which 

includes chemical storage (T-101), an air scrubber (A-101), and a blower (B-101). The effluent of the grit 

separators (stream #2) is then sent to the primary clarifier (C-201) for further separation of solids and 

liquids. Solids that settle at the bottom of the primary clarifier are sent to sludge processing in stream #4, 

outlined below. The remaining wastewater is sent to the aeration basins (AB-201) in stream #3, where air 

is introduced using blowers (B-201) to promote microbial growth and decomposition of sludge. The 

effluent (stream #7) is sent to a secondary clarifier (C-202) which allows sludge to settle. If the recycle 

activated sludge (RAS) system is used, some sludge is recycled back to the aeration basin in stream #11 

to promote growing cultures of bacteria. The remaining secondary sludge is sent in stream #12 to sludge 

processing, outlined below. The effluent wastewater (stream #8) is sent to the disk filters (S-201) to filter 

out any remaining solids. The filtration effluent (stream #9) is sent to UV chambers (U-201) for 
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disinfection. The clean wastewater effluent (stream #20) is distributed to Gilbert South Recharge Area 

and Reclaimed Water Reservoir, Gila River receiving canal, and East Maricopa Floodway. 

 

Solids Treatment Process 

Primary sludge (stream #4) and secondary sludge (stream #12) are fed to the sludge blending tank (T-

301). This tank also receives an equivalent biosolids volume of 0.47 MGD (stream #13). The blended 

sludge is sent (stream #14) to thickening centrifuges (DW-301). Polymer is supplied from the polymer 

supply tank (Poly. Tank 1). Excess water is sent (stream #15) to the aeration basin (AB-201). The solids 

are sent to the thickening blending tank (T-302) and after blending are sent (stream #16) to anaerobic 

digestion (AD-301). The temperature control of the anaerobic digestion is supplied by circulating the 

waste through the heat exchangers (E-301). This energy is supplied by heat generated from burning the 

methane generated by this process in the heater (H-301). Excess gas is burned off by the waste gas burner 

(F-301). Biosolids generated during anaerobic digestion are stored in the digested sludge tank (T-304). 

Foul air from the solids treatment building is sent to the secondary air scrubbing system (A-301), which 

receives stripping chemicals from stripping storage 2 (T-305). 10 % of the CO2 (g) generated by burning 

will be sent to the CO2 compressor (CP-301), which is then injected after the digested sludge tank in order 

to maintain low pH. After the digested sludge storage tank, the biosolids are sent (stream #17) to struvite 

crystallization (CR-301). This receives (stream #21) a supply of MgCl2 from the dry storage (T-306), and 

produces 1.4 ton of struvite (stream #22). The CO 2 (g) is stripped out and sent to the A-301. The 

remaining sludge is sent to sludge dewatering (DW-302). This receives polymer supply from poly. tank 2 

(T-307). Excess water is sent (stream #19) to AD-301. The dewatered biosolids are sent to dewatered 

cake storage (T-308) and subsequently sent (stream #18) to be land applied. 

 

Safety and Environmental Factors 

Wastewater treatment facilities are necessary to keep water clean for reuse. As mentioned above, GWRP 

adheres to current ADEQ standards to produce Class A+ reclaimed water and Class B biosolids. The 

reclaimed water from GWRP is currently distributed to Gilbert South Recharge Area and Reclaimed 

Water Reservoir, in addition to Gila River receiving canal and East Maricopa Floodway, while the 

biosolids are disposed of at landfills. Safety and environmental factors were analyzed and compared using 

a fence-to-fence life cycle assessment (LCA) method. The factors for specific sections of the treatment 

process are outlined below.  

 

Economic Analysis 

Construction costs for most pieces of equipment were estimated from tabulated data and cost curves 

provided by the Environmental Protection Agency (EPA). These prices were adjusted using the relevant 

Chemical Engineering (CE) indices to get the cost in 2018 currency. These values were multiplied by the 

Faithful and Gould Location factor to adjust the price to the Phoenix area market. The final price of the 

upgraded facility was 42-million USD and the operation and maintenance (O&M) cost after the expansion 

will be 22 million USD. With an annual tax revenue of 55 million USD (City of Glendale, 2018) the total 

internal rate of return (IRR) for the expansion is 0.24, and the facility will reach a net zero cumulative 

IRR in 2032 as shown in Appendix B. All economic calculations are outlined in complete detail in 

Appendix B. The O&M costs include the energy it takes to run the piece of equipment as well as any 

maintenance required. The O&M may be reduced significantly by the addition of the struvite crystallizer, 

however the reduction has not been quantified here. This analysis could be negatively affected if tax rates 
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to not increase proportionally with the facility’s size. The economic analysis does take into account 

market analysis, however if phosphorus demand diminishes, than the facility would be needlessly using 

energy to collect the struvite. This concern is not a major one as phosphorus is considered a non-

renewable resource.  

 

Rationale for Equipment Selection and Process Choice 

Because this proposal is for the expansion of an existing facility, many of the selected processes are the 

same as those that already exist in the facility. However, for some of the processes, possible alternatives 

were considered to determine if it would be more beneficial to introduce a different system. These 

processes were compared quantitatively using a decision matrix, shown in Table 1.  
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Table 2: Equipment Table 
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Section 3: Equipment Description, Rationale, and Optimization 

3.1 Determination of Design Criteria with a Decision Matrix 

The threshold criteria for processes to be included in the design matrix was the stipulation that they had to 

be incorporated without disrupting the operation of the plant as outlined in the problem statement. The 

processes that could not be implemented without disruption were not considered in the matrix. The 

additional criteria, as shown in Table 1, are annual cost with a weight of 50%, ease of operation at 10%, 

safety at 20%, and environmental impact at 20%. Annual cost is weighted more than the subsequent 

categories because it will be the limiting factor in the ability to implement technologies and equipment 

into the facility. Ease of operation is weighted as the least important category. Safety and environmental 

categories have impacts that directly affect health and well-being of the workers and the general 

population. These categories are of higher importance than ease of operation. Each of the technologies 

were ranked on a scale from 0-5, zero being the worst and five being the best. 

 
Table 1: Design Matrix 

3.1.1 Headworks 

Headworks facilities are a necessary portion of wastewater treatment because they remove the largest 

debris, such as large biosolids, trash, rags, and plants, from the influent water. By removing these items 

early on there is less strain put on the later processes for removal and allows for the rest of the facility to 

focus on removing the finer particles present in the water. The pieces of equipment included here are the 

bar screens (S-101), grit classifier (GC-101), grit separator (C-101), and related ancillary equipment as 

found on page 1 of the PFD. 

 

Safety and Environmental Factors 

For the technologies related to preliminary treatment the highest safety risk comes from the many moving 

parts in this portion of the plant. However, nearly all portions of the headworks facility are enclosed, 

protecting the workers from direct contact. The only other potential hazard that may be present would be 

if there was improper ventilation of the headworks (i.e. foul air). This process, being mainly a mechanical 

one, does not have any notable environmental factors that warrant replacing it with a different method. 
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Economic Analysis 

The cost of the addition to the headworks process was based on the increase in flow that the system would 

need to handle (14 MGD) and includes the price of the additional bar screens as well as the grit removal. 

The scales for cost were determined from empirical cost curves (Huang, 1980) and scaled to the current 

value of the dollar. The base cost for the addition to this section of the plant was approximately 2.1-

million USD. The annual cost for this process has been combined with that of the pumps section of this 

report. 

 

Rationale for Equipment Selection and Process Choice 

There are not too many effective methods for removal of the largest debris and grit other than including 

bar screens and grit chambers in the headworks of a plant. They are generally present in all wastewater 

facilities and are known to work well. Because of this the decision was made to keep the same type of 

process equipment that was already present in the plant, but able to handle the additional flow (Operation 

and Maintenance Manual Volume 1, 2008). 

 

3.1.2 Foul-Air Treatment 

At concentrations below 10,000 ppm the odorous compounds produced from wastewater treatment, 

chiefly hydrogen sulfide (H2S), pose little threat to the environment and human health (Tchobanoglous, 

2014). However, they are still of major concern as they can cause psychological distress and an overall 

decrease in well-being. Therefore they must be moderated using removal methods such as chemical 

scrubbing, granular activated carbon (GAC), or biofiltration. Foul-Air treatment is not marked with 

stream numbers on the PFD as it is not a part of the mass balance. However the current process equipment 

for chemical stripping was included in the PFD as Headworks Air Scrubber (A-101 a/b) on page 1 and 

Solids Treatment Air Scrubber (A-301 a/b) on page 3. The alternate methods, GAC and biofilters, if 

implemented would supplant the current technology in the same location. 

 

Safety and Environmental Factors 

Chemical scrubbing contacts the foul air with water and chemicals, usually sodium hypochlorite, to 

oxidize or entrain the odorous compounds. Sodium hypochlorite is very hazardous in case of skin or eye 

contact and thus needs to have proper controls in place to keep personnel safe (Sodium Hypochlorite, 

2013). The constant supply of fresh chemicals required for stripping increases the carbon footprint due to 

shipping. For these reasons chemical scrubbing received a score of 3.5 for safety, and 3.0 for 

environmental impact.  

 

GAC removes odorous compounds by adsorbing them onto activated carbon which poses no direct safety 

concern to humans or the environment. However GAC systems must be monitored frequently as the 

carbon bed is limited and must be regenerated or replaced and this contributes to an increased carbon 

footprint (Naylor, 2000).  

 

Biofiltration uses packed beds consisting of compost-based material suitable for growing a biofilm layer 

that adsorbs/absorbs the foul gases. The main advantage of biofiltration is its low chemical use and no 

combustion source, thus giving full marks (5.0) for environmental impact and safety in the decision 

matrix. Biofiltration requires minimal controls like GAC, but due to its biological nature some measures 
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must be taken in order to keep the odorous gas fed to the medium constant. Because of the higher level of 

attention needed for the media, ease of operation was given a 4.0 in the decision matrix. The major 

drawback of biofiltration is the land requirements. While this challenge can be mitigated, it will generally 

have a larger footprint as compared to other methods (Anit, 1997).  

 

Economic Analysis 

The costs for each process were calculated based on systems of comparable size, flow rate and treated 

H2S concentration and then directly scaled using a ratio of the flow rates in standard cubic feet per minute 

(Cost Estimating, 1995). The annualized costs totaled 1.2-million USD, 0.3-million USD and 72-thousand 

USD for GAC, chemical scrubbing and biofiltration, respectively. For this reason GAC was given a 4.0 

and biofiltration a 5.0 in the annual cost section of the decision matrix. It should be noted that the 

operation and maintenance cost for chemical scrubbing was not included in the annual cost as a metric 

could not be found. Sodium hypochlorite has a current market value of 42 USD per ton (USP 

Technologies, 2018) and the current facility lists a flow rate of 0.1 tons per hour as per the second request 

for information (RFI). This works out to a chemical cost of 50-thousand USD per year, but is not the only 

cost associated with this type of system. Other chemicals and oxidizers, such as sodium hydroxide are 

used depending on the composition of the foul air to be treated (Tchobanoglous, 2014), which are 

unknown. There is also the cost associated with the pumps and enclosures utilized in chemical stripping 

that have energy requirements and maintenance that are also unknown. For these reason chemical 

stripping was given a 3.0 for annual cost in the decision matrix. 

 

Rationale for Equipment Selection and Process Choice 

The second RFI listed an average H2S concentration of 50 ppm and a peak concentration of 150 ppm 

making GAC and biofiltration viable options. Chemical scrubbing is the best choice for systems with high 

H2S concentrations and its potentially large chemical cost and sophisticated controls and instrumentation 

make it the least desirable for this process. Biofiltration and GAC can be implemented with fewer safety 

protocols and simple controls (Chiovarelli, 2015). However biofiltration is recommended over GAC as 

the activated carbon must be regenerated, which contributes to a significantly higher footprint giving 

biofiltration and GAC overall scores of 4.90 and 4.30 respectively in the design matrix. For a plant as 

large as GWRP a large surface area of biofilter will be needed to accommodate the high gas flows. To 

save on space the biofilters can be stacked, this also lowers the risk of channeling by the contaminated air 

and allows for easy maintenance (Anit, 1997). 

 

3.1.3 Primary Sedimentation 

Like the headworks, primary sedimentation is meant to remove some of the larger particles present in the 

wastewater, but has a smaller threshold for removed particle sizes than in preliminary treatment. The 

current process uses a primary clarifier, but the possibility of using a trickling filter was also examined to 

see which process would be better implemented for the expansion of the plant. This equipment is labelled 

as C-201 on the second page of the PFD. 

 

Safety and Environmental Factors 

The two process technologies compared for primary sedimentation were a primary clarifier and a trickling 

filter. The major environmental impact from both of these processes comes from the carbon dioxide 
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emission equivalents from energy usage. In general, trickling filters use much less energy than a clarifier 

with an A/S process (Burton, 1996), as is currently used in the facility. However, in order to achieve the 

same removal efficiency as the clarifier the trickling filter would need to have significantly more passes 

through the filter media, which would require much more pumping than the clarifier. For this reason the 

trickling filter was given a score of 3.0 in the environmental section while the clarifier was given a score 

of 5.0. 

 

As far as safety is concerned, both processes have minor moving parts, but the trickling filter has the 

possibility to attract and promote the presence of pests (ie. snails, mosquitos, and insects). Because of this 

the trickling filter was given a score of 4.0 in the safety section while the clarifier was given a score of 

5.0. 

 

Economic Analysis 

For this comparison the costs relating to the operation and maintenance of the two processes were 

analyzed and compared on an annual basis. The annualized cost for the trickling filter was approximately 

97,000 USD per year while the clarifier cost approximately 143,000 USD per year (Environmental 

Protection Agency Municipal Environmental Research Laboratory, 1979). Because of this the trickling 

filter was given a score of 5.0 in the annual cost section while the clarifier was given a score of 4.0. 

 

Rationale for Equipment Selection and Process Choice 

Another component for comparison that was used to compare the two process choices was the ease of 

operation. Some issues that trickling filters can run into during operation are that the startup times are 

very long compared to a clarifier (meaning that shock toxic loads can render the process unusable until 

the biofilm is regenerated), the packing could either dry out or flood if the loading rate is not close to the 

design value. Meanwhile, the biggest issue that a clarifier generally runs into is that the hydraulic 

retention time is either too high or low, causing foaming or washout. That being said, the issues with the 

clarifier are much easier to mitigate than those of the trickling filter (Tchobanoglous, 2014). Thus the 

clarifier was given a score of 4 in the ease of operation section while the trickling filter was given a score 

of 2.5. When considering the overall scores in the decision matrix the primary clarifier received a score of 

4.40 while the trickling filter received a score of 4.15. As a result of the comparison, primary clarification 

is recommended for use. 

 

3.1.4 Aeration 

Overall, aeration is part of the secondary treatment process. It is the stage where blowers aerate, or add air 

to the wastewater. Aeration provides sufficient oxygen for bacteria and allows aerobic biodegradation 

through microbial growth and consumption of organic material. This process efficiently removes 

approximately 85% of organic matter (EPA, 1998). In an activated sludge system, the organic matter that 

already contains the bacteria is recycled back into the aeration basin. GWRP has the ability to use this 

return activated sludge (RAS) system, but does not currently employ it. RAS systems are widely used in 

refining industries and food processing (EBS, 2018). The aeration process is labelled as AB-201 on the 

second page of the PFD. 
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Safety and Environmental Factors 

The two processes considered for this part of the treatment process were aeration basins, which are 

currently in operation at GWRP, and aeration lagoons. Aeration lagoons require considerable amounts of 

land for efficient treatment, in mild climates 10-15 m2 per population equivalent is needed (FUCHS, 

2011). Because they require large amounts of space, they have a negative environmental effect. For this 

reason, a score of 3.0 was given for environmental impact in the decision matrix. The lagoons are also 

open to the atmosphere and thus can attract insects and mosquitos, can generate foul odors from anaerobic 

decomposition under the surface, and can allow for situations in which humans or animals may fall into 

the water. Because of this, a score of 3.5 was given for safety.  

 

Aeration basins, on the other hand, require less land space relative to that of the lagoons. The basins more 

efficiently reduce organic matter with a faster process, higher BOD reduction, and more concentrated 

bacterial population (EBS, 2018). Due to the lower relative environmental effects, a score of 5.0 was 

given for environmental impact. The basins themselves operate safely, and were given a score of 5.0 for 

this reason. A thorough hazop on the aeration basin is shown below in Appendix E. 

 

Economic Analysis 

Both the cost of the aeration basins and the aeration lagoons were calculated based on the increased flow 

for the expansion. The annualized cost for the aeration basin was approximately 18-million USD per year 

(Huang, 1980) while the aeration lagoon was approximately 1.3-million USD per year (Huang, 1980). 

The annualized cost calculation includes the purchase cost of the equipment and operation and 

maintenance over ten years. Because of this, the annualized cost for an aeration basin is much higher than 

that of a lagoon. However, GWRP already has aeration basins installed and in use, so it was assumed 

these costs were not drastically different in the decision matrix. The aeration basins were given a score of 

4.0 for annual cost and the aeration lagoons were given a score of 5.0.  

 

Rationale for Equipment Selection and Process Choice 

The last category considered in the decision matrix was ease of operation. The aeration lagoons have 

lower operating costs in addition to very little operator maintenance (EBS, 2018) and thus were given a 

score of 4.5 in the decision matrix. The aeration basins require relatively more operator maintenance 

(EBS, 2018) and were given a score of 4.0 for ease of operation. When considering the weights of each 

category in the decision matrix, aeration basins received a total score of 4.4 and aeration lagoons received 

a total score of 4.25. Therefore, it is recommended that GWRP continues implementing aeration basins 

for this section of the process as they are overall a more beneficial option.  

 

3.1.5 Secondary Sedimentation 

Effluent from the aeration basin is sent to the secondary clarifiers to remove the biological mass created 

during aeration via gravitational settling. The settled mass can be recycled as activated sludge back to the 

aeration basin or be diverted to solids handling for further treatment (Casey et al., 2003). Secondary 

sedimentation was not considered in the decision matrix as other sedimentation technologies such as 

trickling and sand filters would not allow for the return of the activated sludge to the aeration basin. The 

secondary sedimentation process is labelled as C-202 on the second page of the PFD. 
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Safety and Environmental Factors 

Secondary clarifiers have similar safety factors to primary clarifiers in that there are minor moving parts. 

Proper control and instrumentation should be implemented in order to control flows to avoid overflowing 

the weirs with the sludge blanket that forms at the bottom of the clarifier. If overflow occurs the 

wastewater standards for TSS and BOD may not be met (Tchobanoglous et al., 2014). 

 

Economic Analysis 

The construction cost for the new secondary clarifiers was estimated using tabulated data from the EPA 

that correlated the flow rate to the clarifier with the build cost (Huang, 1980). The operation and 

maintenance cost was calculated from a different set of data (EPA, 1979) using the same method and 

contributed to an annualized cost of 225-thousand USD. 

 

Rationale for Equipment Selection and Process Choice 

There are few options when it comes to secondary sedimentation of activated sludge systems. It is 

recommended to use the current circular clarifiers and to increase the number at the plant to handle the 

increase in flow.  

 

3.1.6 Sludge Thickening and Dewatering 

Sludge thickening and dewatering are processes during solid treatment in which liquid and solid 

components of the sludge are physically separated. It is beneficial to reduce the water content of sludge in 

order to minimize the cost of shipping solid waste to disposal sites. The sludge thicker is labelled as DW-

301 and the dewatering centrifuge is labelled as DW-302, both on the third page of the PFD. 

 

Safety and Environmental Factors 

The two technologies considered for this process were belt compressors and centrifuges. GWRP currently 

employs centrifuges for both thickening and dewatering processes. Both technologies are relatively the 

same in regards to safety. Belt compressing functions with compression of the sludge to remove water, 

and thus requires high amounts of pressure to effectively operate. A centrifuge utilizes centrifugal force to 

separate the sludge and water based on their relative densities, which requires high speeds. Because of 

this, both technologies received a score of 4.0 for safety. In regard to environmental factors, belt 

compressors have low energy requirements and centrifuges have relatively high energy requirements 

(Tchobanoglous, 2014). For these reasons, belt compressors were given a 5.0 in environmental impact 

and centrifuges were given a 4.0.  

 

Economic Analysis 

The construction operation and maintenance costs for belt filter press and dewatering centrifuge were 

calculated via cost curves using tabulated data provided by the EPA in Estimating Water Treatment 

Costs: Volume 2. The annualized costs were 3.3-million USD and 130-thousand USD contributing to 

scores of 3.0 and 5.0 in the decision matrix for belt filter press and dewatering centrifuge, respectively. 

The higher cost for the belt filter press comes mostly from the plant not currently utilizing the technology 

and as such would have to build a system to meet the increased flow for the phase three expansion. 

Dewatering centrifuge on the other hand would only have to compensate for the increase in flow between 
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phase two and phase three lowering the overall equipment cost. Lastly, if the AirPrex® system were to be 

implemented for struvite prevention as mentioned in Section 2.2.9 below, it would aid in the thickening 

and dewatering solids and would thus reduce the costs of both processes. 

 

Rationale for Equipment Selection and Process Choice 

In regard to ease of operation, belt compressors are easy to maintain and shut-down, but have to be 

replaced frequently (Tchobanoglous, 2014). Because of this they were given a score of 4.5 for ease of 

operation. Comparatively, centrifuges are easy to install, but require skilled maintenance personnel 

(Tchobanoglous, 2014) and were given a score of 4.0 for ease of operation. When considering the weights 

of each category in the decision matrix, belt compressors received an overall score of 3.75 and centrifuges 

received an overall score of 4.5. It is therefore recommended for GWRP to continue using centrifugation 

for dewatering and thickening processes.  

 

3.1.7 Anaerobic Digestion 

GWRP is an end of the line facility meaning that all of the solids it produces as well as the 8 MGD of 

equivalent solids it receives from SEWRP must be converted from sludge to biosolids. Anaerobic 

digestion is the oldest process used for the stabilization of sludge and through extensive research has 

become the most efficient and therefore utilized process of municipal wastewater treatment. Anaerobic 

digestion on the municipal scale can also produce enough methane to cover the heating and energy 

required for the process itself, if not the entire plant (Tchobanoglous, 2014). The anaerobic digester is 

labelled as AD-301 on the third page of the PFD. 

 

Safety and Environmental Factors 

To maintain a constant temperature, mixing of the sludge is done with recirculation pumps. Egg shaped 

basins are completely enclosed systems and, as long as a struvite prevention system is in place, require 

little maintenance. The operating costs for heating the digesters are minimal due to the methane 

combustion system in use (Tchobanoglous, 2014). The main operation costs come from recirculation 

pumps required to maintain mixing requirements. The largest environmental impact comes from the CO2 

(g) produced by the digestion, however there are no methods to mitigate this issue. There are few safety 

requirements due to the construction design of the digesters.  

 

Economic Analysis 

Using tabulated data from the EPA as stated in earlier sections (Huang, 1980) the price of the anaerobic 

digestion process for the phase three expansion had an annualized cost of 670-thousand USD. This does 

not include operation and maintenance costs as that portion is assumed to be included in the 

corresponding pumps value in Section 3.3.11 and the heat exchanger was not considered because of the 

new struvite prevention process detailed in Section 3.1.8. Struvite is the primary concern for heat 

exchangers because its precipitation reduces efficiency. 

  

Rationale for Equipment Selection and Process Choice 

The current method at GWRP utilizes egg-shaped digesters and was automatically chosen for the scale up 

as other methods, like anaerobic sludge lagoons, would take up excess real estate that the plant does not 

have available. It would also require that the existing process be discontinued. Anaerobic sludge lagoons 
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also produce undesirable odors (Bowman, 2002) and would require significant infrastructure to ensure the 

air leaving the facility would not disturb the surrounding suburban populous. 

 

3.1.8 Struvite Prevention 

Struvite prevention is a major concern of wastewater treatment plants. Struvite precipitates when there is 

an adequate ratio of magnesium, ammonia, and phosphate ions present in water (Struvite Removal, 2018). 

Thus, the most vulnerable areas of wastewater treatment plants are those processes treating and handling 

biosolids. Without a method of control or removal, the struvite crystals will form in piping and equipment 

and cause damage, which would greatly increase operation and maintenance costs. The two main methods 

for struvite prevention are chemical flocculation using ferrous chloride (FeCl2) or ferric chloride (FeCl3) 

and controlled chemical precipitation using some form of magnesium, such as magnesium chloride 

(MgCl2) (Tchobanoglous et al., 2014). Because of the intricacies of these processes, a cradle-to-grave 

approach was used in the LCA of the struvite prevention systems. The two pieces of equipment used in 

this process are labelled as CR-301 for the crystallizer and CP-301 for the carbon dioxide compressor. 

Both are located on the third page of the PFD. 

 

Safety and Environmental Factors 

The plant currently uses FeCl2 to control struvite, which a common method used by the majority of 

wastewater treatment plants. This method requires large amounts of FeCl2 to be injected pre and post 

anaerobic digestion, which creates complexes of iron and phosphorus that prevent the presence of 

phosphates (Tchobanoglous et al., 2014). This system is relatively simple to operate and control, however 

it does require a large amount of FeCl2 and constant maintenance. This method allows all of the 

phosphorus to remain in the biosolids, which can then be applied to land instead of fertilizers. FeCl2 can 

be produced from waste mining streams, which prevents additional waste chemicals while providing a 

cheap and sustainable source of FeCl2 for wastewater treatment (Industrialchemicals.akzonobel.com, 

2018). Using this system not only prevents struvite problems but relates to a reduction in energy used to 

produce fertilizers by 652 kWh per year (Fadare et al., 2010). This correlates to a carbon equivalent 

reduction of 534-thousand tons per year. There is one important environmental drawback to this system 

outside of the transportation demands. The resulting biosolids from this method contain a high amount of 

iron and without special precautions this additional iron can lead to soil acidification and possible human 

toxicity. These solids are also considered only 60% bioavailable to plants, which means that 40 % of the 

phosphorus returns to the system rather than being utilized for plant growth. For these reasons FeCl2 

struvite prevention was given a score of 4.0 in the environmental section. FeCl2 solutions have the 

potential to produce toxic gases that are highly corrosive (Ferrous chloride, 2013). These problems relate 

to special storage and operating considerations as well as increased safety concerns. For these reasons the 

FeCl2 system received a score of 4.0 in the safety section. 

 

Control of struvite with MgCl2 has been implemented in many different ways and areas for many years 

(Némethy, 2016). MgCl2 can be sustainably mined, however it is also available through the evaporation 

of seawater (Sqm.com, 2018). The different implementations of MgCl2 systems vary widely in both scale 

and implementation. There are three different classes of phosphorus recovery depending on which step in 

the process of wastewater treatment it is applied. The three classes are liquid phase, sewage sludge phase 

(SS), and sewage sludge ash phase (SSA). Within these classes there are several commercial systems 



19 
 

which have been used in both pilot and large scale applications. Based on previous works the liquid phase 

struvite harvesting processes have the lowest energy demands as compared to SS or SSA methods. These 

processes also do not require redesigning the preceding digestion methods, and do not require additional 

treatment steps. SS and SSA methods generally require specialized anaerobic digestion systems, and may 

require acidification treatment process. SS and SSA systems would require the plant to be taken offline in 

order to be implemented, and therefore were not considered as viable options (Amann et al., 2018).  

 

From the remaining liquid phase technologies the AirPrex® system had three major benefits over the 

others. It had the lowest energy and resource demands. It also produces struvite, which is very similar to 

commercial fertilizers and has 100% bioavailable phosphorus and nitrogen components. Lastly it allows 

the utilization of CO2 (g) for pH control, rather than requiring a strong base such as sodium hydroxide 

(Tchobanoglous et al., 2014). Approximately 10% of the total CO2 (g) produced by the facility’s 

anaerobic digesters would be required to control the pH for struvite harvesting (Moore et al., 2018). 

Utilizing the AirPrex® system would correlate to an additional savings in energy of 140-thousand kWh 

per year and in 117-million tons of carbon equivalents per year prevented over the FeCl2 system (Fadare 

et al., 2010). For these reasons struvite control with the AirPrex® received a score of 5.0 in the 

environmental section. MgCl2 has fewer hazards and likewise fewer precautions as compared to the FeCl2 

system. There are no toxic gases formed from MgCl2 solutions and MgCl2 is only moderately toxic 

(Magnesium chloride hexahydrate, 2013). This translates to simpler designs and fewer chemical storage 

requirements. A formal hazop was done on the crystallizer as shown in Appendix E. Based on this hazop, 

the major safety concern is relates to over pressurizing the vessel, which could cause catastrophic failure. 

This hazard is mitigated by proper flow and pH monitoring and control. Temperature control will be 

minimal. For these reasons the AirPrex® struvite recovery system was given a score of 5.0 in the safety 

section. 

 

Economic Analysis 

The annualized cost for the current method of struvite prevention, using ferrous chloride, is approximately 

69-thousand USD. The amount of FeCl2 needed is 2.7 grams per gram of phosphorus (WDNR, 2009), and 

the price per gallon of FeCl2 is 0.48 USD (UT Chemical, 2011). The annualized cost accounts for the 

purchase cost of one storage tank at 61,000 USD (Seider, 2017) and the operation and maintenance costs. 

 

The proposed technology for struvite prevention is an AirPrex® system using MgCl2 for struvite 

precipitation and collection for sale. Struvite can be sold for use as fertilizer for the benefit of revenue and 

lower environmental impact. The current market information for struvite is described in more detail above 

in Section 1.2. The annualized cost for the proposed system is approximately 380-thousand USD when 

including revenue from the sale of struvite, of which the amount of struvite produced is 1.4 tons per day. 

The calculation for cost assumes the amount of MgCl2 needed is 1200 pounds per day. The price per ton 

of MgCl2 is 875 USD (Tkachenko, 2018), and the price per ton of struvite is 231 USD (Molinos-Senante, 

2010). The annualized cost includes the purchase cost of the AirPrex® system estimated at 3.06-million 

USD (CNP Quote, 2018), which also includes all ancillary equipment needed for operation. Because the 

resulting annualized cost was more than the FeCl2, the AirPrex® system was given a score of 4.50 while 

the FeCl2 system was given a 5.0 in the economics section. One aspect not quantified was the cost savings 

that are related to reduced sludge volumes and enhanced dewatering, which are added benefits of 

AirPrex® systems. These savings could potentially account for an added 75% of cost savings to the 
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analysis of the AirPrex® system (Forstner, 2015). It could also reduce the demand for FeCl2/polymers, 

which are used in dewatering (Werf.org, 2018). The major economic hazard of this process is that the 

phosphorus is not removed from the sludge, which could lead to loss of profit and increase of O&M costs. 

If the proper controls are not in places these economic hazards could be serious, however with proper pH 

and flow monitoring this hazard can be minimalized.  

 

Rationale for Equipment Selection and Process Choice 

Transportation was considered in this analysis, however because both FeCl2 and MgCl2 are widely 

available this aspect proved unimportant for the final results. The FeCl2 systems are more difficult to 

maintain due to the corrosiveness of the FeCl2 solutions, and require special handling methods as 

compared to the MgCl2 systems (Hazenandsawyer.com, 2018). AirPrex® is relatively easy to operate and 

maintain, and has very few handling precautions. It would also reduce the biosolids mass by 

approximately 10 to 20% (Werf.org, 2018). For these reasons the FeCl2 system was given a score of 4.0, 

while the AirPrex® system was given a score of 5.0 in the ease of operation section. The AirPrex® system 

was chosen to be implemented upon the upgrade because it had total score of 4.76, while the FeCl2 

system received a total score of 4.3.  

 

The AirPrex® system could be installed during normal operations, and once completed the FeCl2 system 

could be taken offline. Similar plants have successfully upgraded to this system in Europe, and there are 

both large scale and pilot plants within the US (Werf.org, 2018). 

 

3.1.9 Filtration 

Filtration is implemented after the secondary sedimentation in order to further remove any solids that may 

remain in the water before it is sent to the disinfection process. This is useful because the effectiveness of 

the disinfection process is increased when there are fewer particles present in the water. There are three 

methods for filtration that are currently used. These methods are sand filtration, cloth filter filtration, and 

rotating disk filters. Cloth filtration and disk filtration are very similar in their processes as well as their 

efficiencies, and thus are the focus of the comparison for this part of the plant. Sand filters were not 

considered in this expansion due to their need for a much higher pump head for operation, which would 

require many more pumps to be installed, and for them to operate at lower flow rates, thus making a 

larger environmental footprint (Nelson, 2012). The filters are labelled as S-201 on the second page of the 

PFD. 

 

Safety and Environmental Factors 

A formal hazop was done on the current process technology, disk filters, as shown in Appendix E with 

major hazards being the potential for clogging or tearing of the filters. If the filters clog, there is the 

potential for flooding to occur around the unit. If they tear then some of the particles would not be filtered 

and lead to higher concentrations of contaminants heading to the disinfection process. However, the filters 

are generally monitored by the operators and fixed or replaced if either of the above scenarios are 

encountered. These factors do not change depending on which form of filtration is used, and for this 

reason both the diamond cloth filters and disk filters were given a score of 5.0 in the safety section. In 

terms of environmental impact, the energy used to rotate the filters is negligible compared to other parts 

of the process and will not be considered for this report. The diamond cloth filters do not have odor 
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control built into its system and would require extra construction to provide odor control. Disk filters, 

however, are built into case modules that allow for odor control (Tchobanoglous et al., 2014), and thus a 

reduction in bug and pest control. For these reasons diamond cloth filters were given score of 4.0 and disk 

filters were given a score of 5.0 in in the environmental section. 

 

Economic Analysis 

When the annualized costs of both filtration types were compared the diamond cloth filters came out to be 

approximately 1.2-million USD while the disk filters were approximately 2.2-million USD. However, the 

cost for the diamond cloth filters did not include the cost for the additional facilities that would need to be 

constructed in addition to the purchase cost of the filters (Nelson, 2012). With the addition of these costs, 

the two filter types would become very similar in cost, and for this reason the diamond cloth filters were 

given a score of 5.0 while the disk filters were given a score of 4.5 in the decision matrix. 

 

Rationale for Equipment Selection and Process Choice 

When it comes to ease of operation, the disk filters that are currently used at the facility are very easy to 

monitor and maintain. With replacing the filters taking no more than a couple of minutes, the simplicity 

of the process is why the disk filters were given a score of 5.0 in the decision matrix. The diamond cloth 

filter system utilizes a lot more moving parts than the disk system, and the positioning of the filters 

themselves makes them much less accessible than the disk filters. Because of this the diamond cloth 

filters were given a score of 4.0 on the decision matrix. Looking at the overall scores, the diamond cloth 

filter received a score of 4.70 while the disk filter received a score of 4.75, so the disk filters are 

recommended for continued use for the expansion. 

 

3.1.10 Disinfection 

Disinfection is an integral part of wastewater treatment, and relates directly to population health. When 

considering different disinfection technologies, ozone was not considered as it is not suitable for systems 

with high TSS, BOD, and COD (EPA, 1999). The remaining technologies, chlorine and UV disinfection, 

were compared by looking at their relative economic feasibility, carbon footprints/chemical usage, and 

safety considerations. The disinfection process is labelled as U-201 on the second page of the PFD. 

 

Safety and Environmental Factors 

UV disinfection has an energy requirement of 7-million kWh per year, which translates to 5800 tons of 

carbon dioxide equivalents per year. UV disinfection does not use any significant amount of chemicals 

(Das, 2002). For this reason, UV disinfection was given a score of 4.0 in the environmental section. The 

largest hazard with UV disinfection is the bulbs, which require maintenance and replacement. These bulbs 

require special handling, but can be recycled at the end of their life (LampRecycle, 2018). Most of the 

hazards stemming from this process are indirect in the sense that they affect the effluent water quality. For 

a more detailed look at these process hazards please refer to the formal hazop located in Appendix E. For 

UV disinfection there are no large moving parts and no chemicals in use, and therefore was given a score 

of 5.0 in the safety section. 

 

Chlorine disinfection utilizes only a very small amount of energy, and hence does not have a significant 

carbon footprint from operations. A process utilizing 15% bleach for disinfection and sodium bisulfate for 
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dechlorination would theoretically require 4400 m3 15% NaOCl solution per year and 2300 kg of 

NaHSO3 per year (Tchobanoglous et al., 2014). These chemicals are directly related to energy use for 

production and transportation, as well as requiring more storage tanks. For these reasons chlorine 

disinfection was given a score of 3.5 in the environmental section. With the extra chemicals required, 

there are also extra safety considerations required. Because of the large potential for accidents, gaseous 

chlorine systems will not be considered (Das, 2002). This reduces a large amount of potential hazards, 

however both bleach and sodium hypochlorite still carry some hazards. Both chemicals are toxic if 

ingested and both are corrosive to skin. Bleach generates acidic gas, and sodium hypochlorite attacks 

metals. Sodium bisulfite also reacts with strong oxidizers, of which bleach is considered (Sodium 

Bisulfite Solution 40%, 2014). This means storing the chemicals as far apart as possible will also be 

important. For these reasons chlorination/dechlorination via bleach and NaHSO3 was given a safety score 

of 3.0 in the design matrix.  

 

Economic Analysis 

Due to its complexity and mechanical aspects, a UV disinfection basin requires a much higher capital 

investment. The UV basin was costed to be 9.1-million USD, while the chlorination/dechlorination 

system was costed to be 3.3-million USD (Das, 2002). The O&M for UV disinfection was calculated to 

be 1.1-million USD while O&M for chlorination/dechlorination was calculated to be 1.3-million USD. 

The resulting annualized costs were 2-million USD for UV disinfection and 1.9-million USD for 

chlorination/dechlorination. Based on the annualized costs, chlorination/dechlorination was given a score 

of 5.0 and UV disinfection was given a score 4.75 on the economics section. 

 

Rationale for Equipment Selection and Process Choice 

Chlorination/dechlorination systems require the handling of hazardous chemicals, as well as special 

storage considerations (Tchobanoglous et al., 2014). It is, however, one of the most commonly used and 

well-designed processes. Control of disinfection is well understood and easily implemented. Because of 

this chlorination/dechlorination was given a score of 5.0 for ease of operation. UV disinfection does not 

require special chemical handling, but requires handling of bulbs and constant maintenance of the moving 

parts. For these reasons UV disinfection was given a score of 4.0 for ease of operation. Based on the 

results of the previous sections UV disinfection was chosen for the desired disinfection technology as it 

received a total score of 4.58 from the design matrix. This was higher than chlorination/dechlorination, 

which received a total score of 4.3.  

 

3.1.11 Pumps 

Safety and Environmental Factors 

The main safety concern with pumps is the possibility of cavitation over time, which will degrade the 

effectiveness of a pump, and could eventually cause them to fail. Since this issue is well known, there is 

redundancy built into the facility so that when a pump is performing poorly the backup pumps come 

online while repair or replacement takes place. Pumping is required for the entire facility to maintain 

continuous operation, so the biggest environmental impact the pumps have is the carbon footprint from 

energy usage. In total, the additional pumps for the expansion use approximately 16.7-million kWh per 

year, or a carbon dioxide equivalent of 14,000 tons per year. Pumps in the PFD are labelled as P-### on 

the PFD, and are located on all pages. 
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Economic Analysis 

The pumps that are currently in service at the plant are rated for specific ranges of flow capacities. Since 

the expansion requires roughly double the current average flow it only makes sense for there to be double 

the number of pumps in service. This addition of pumps has a base cost of approximately 890,000 USD 

with an annual cost of approximately 1.1-million USD per year, which is mainly due to the energy usage. 

 

Rationale for Equipment Selection and Process Choice 

In order to reduce the amount of variation in the operation and maintenance of the pumps it was decided 

that the same type and size pumps be added with the expansion as were present in the plant already. This 

will allow the operators to apply their current knowledge of the pump’s ideal operating conditions, ensure 

that the flow conditions would be met, and allow for easier maintenance by requiring the same spare parts 

for potential repairs that the plant would already have on hand. 

 

3.2 Conclusions and Recommendations 

The final process design is provided on the PFD in Appendix D and the associated equipment is provided 

on the equipment table located earlier in this report. The final results of the decision matrix show that for 

the majority of the plant’s processes that utilizing the current technology is desirable. This can be 

expected as the treatment technologies have not change drastically since the plant’s installation. It should 

be understood that the LCA and economic evaluations could be improved with more site specific data. 

Overall the plant is able to meet all regulatory requirements for both safety and environmental aspects. 

For the processes that were selected to remain in use, a direct scale up was generally recommended, and 

based on the historical flows this will be adequate for 10-15 years.  

 

The struvite prevention technology is one area that could be improved by implementing newer 

technologies. It is recommended that the current FeCl2 based struvite prevention system be replaced with 

an AirPrex® system which utilizes MgCl2. This system has the potential to increase revenue from struvite 

sales, reduce the amount of flocculants used by the facility, reduce the amount of energy and handling 

requirements of biosolids, and improve safety aspects of the plant. All of these benefits make upgrading 

to AirPrex® a viable and desirable option as shown in the decision matrix. The capacity increase 

construction would also allow for a good opportunity to install an AirPrex® system. Further contact and 

work with CNPTM would allow for more accurate evaluation of cost and resource utilization. The final 

theoretical cost of the expansion is 55-million USD, with a new maintenance cost of 22-million USD. 

With the current revenue of 55-million USD in taxes it will take 12 years to reach a zero cumulative IRR, 

with an overall IRR of 0.21. The desired IRR is 0.4, however with the new upgraded system it would be 

possible to meet the demand, while also limiting the extra costs required for operation. 
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Trickling Filter

Efficiency (E1) 99.69923487 % (goalseek this to 99.7 by changing V to match current primary clarifier efficiency)
W1 64063 lb/day (BOD5)

29058.488 kg/day (BOD5)
V 626627.085 m^3
F 1000 # of passes (to get high efficiency)
C 0.443 conversion factor

0.45359237 kg/lb 165.53736 Mgal
264.172053 gal/m^3 Citations

0.1336806 gal/ft^3 Tchobanoglous, G., Stensel, H., Tsuchihashi, R. and Burton, F. (2014). Wastewater Engineering. 5th ed. New York: McGraw-Hill.
Avg Depth 2.5 m 22129127 ft^3

3.2808399 ft/m
8.20209975 ft Surface Area 2697983.2 ft^2

Assume Cylindrical Tank Diameter 1853.4236 ft
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Aerated Lagoon

S 319653 lb/day
So 363677 lb/day
k 0.045899 day^-1
ϴ 3.000592 days (goalseek to 3 by changing k)

Inlet Flow 60.71 Mgal/day Avg depth 4 m
V 182.166 Mgal 3.28084 ft/m

Avg depth 13.12336 ft
0.133681 gal/ft^3 Citations

V 1.36E+09 ft^3 Tchobanoglous, G., Stensel, H., Tsuchihashi, R. and Burton, F. (2014). Wastewater Engineering. 5th ed. New York: McGraw-Hill.

Surface Area 1.04E+08 ft^2
Length/Breadth Ratio 0.5
Length 7205.464 ft
Breadth 14410.93 ft
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Aeration Basin

S 319653 lb/day Q 60.71 MGD
So 363677 lb/day
X 39152.19 mg/L Original V/unit 5.31 MG
Y 0.6 mg VSS/mg BOD5
μmax 5 day^-1 Additional unit 8.193253 MG
Ks 60 mg/L BOD5
ϴ 0.134957 days 0.133681 gal/ft^3
Original ϴ 0.276995 days 1095279 ft^3 Citations

Tchobanoglous, G., Stensel, H., Tsuchihashi, R. and Burton, F. (2014). Wastewater Engineering. 5th ed. New York: McGraw-Hill.
Assuming L=W
Length 213.6273 ft
Width 213.6273 ft
Basin Height 24 ft
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Disk Filters

Q 40.47 Mgal/day
56208.33 gal/min

Peak day HLR 5.7 gal/min*ft^2

Surface Area 9861.111 ft^2 Citations
Current SA 4500 ft^2 Tchobanoglous, G., Stensel, H., Tsuchihashi, R. and Burton, F. (2014). Wastewater Engineering. 5th ed. New York: McGraw-Hill.
Area per module 53.8 ft^2

83.64312 modules currently
99.64891 additional modules needed
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UV Disinfection (Used page 1420-1421 from Wastewater Engineering)

Q 38.44 Mgal/day 76.88 0.264172 gal/L
Dosage 80 mJ/cm^2
Min Transmittance 65 % CE 1993 359.2 1.670379
Channel Flowrate 57.18981 L/min*lamp CE 2018 600

15.10795 gal/min*lamp
21755.45 gal/day*lamp

Lamps needed 3533.827 lamps Citations
Currently in use 2016 lamps Tchobanoglous, G., Stensel, H., Tsuchihashi, R. and Burton, F. (2014). Wastewater Engineering. 5th ed. New York: McGraw-Hill.

1517.827 additional lamps

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = (10−2.428)(𝐹𝐹𝐹𝐹𝐷𝐷𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐷𝐷−0.650)(𝑇𝑇𝐹𝐹𝐹𝐹𝑇𝑇𝐷𝐷𝑇𝑇𝑇𝑇𝐹𝐹𝐹𝐹𝐹𝐹𝑇𝑇𝑇𝑇𝐷𝐷3.126)(0.64)
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Secondary Sedimentation

SOR (gpd/sqft) Surface Area (sqft) Influent Flow (gpd)
354 28274.33388 40036456.78
472 28274.33388 40036456.78
531 28274.33388 60054685.17
708 28274.33388 60054685.17

SOR (gpd/sqft) Influent Flow (gpd) Surface area (sqft) A, current (sqft) diff (sqft) # Extra Clarifiers
354 38000000 107344.6328 45238.93421 62105.69856 5.4913494
472 38000000 80508.47458 33929.20066 46579.27392 4.11851205
531 57000000 107344.6328 45238.93421 62105.69856 5.4913494
708 57000000 80508.47458 33929.20066 46579.27392 4.11851205

Hyd Ret Time (day) Volume (ft^3) Height (ft) Vol Q
7.6 38609625.67 487.6914902 1187522.023 1168771.675
5.7 28957219.25 365.7686176 1187522.023 1558362.234
5.1 38863636.36 490.8999868 1187522.023 1741698.967
3.8 28957219.25 365.7686176 1187522.023 2337543.351
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Q (MGD) P.f. τp (min) ν (m2/s) # Basins Q (m3/day) W (m) D (m) # channels L (m) vp (m/s) NR D (m2/s) d
38 1.5 90 1.003E-06 2 71922.8239 4.5 6 3 83.24400914 0.015415557 73773 1.84E-02 0.014

W (ft) D (ft) L (ft)
14.76377953 19.68503937 273.1102662

Vc (ft3) Vtot (ft3)
79372.82986 238118.4896
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n V new (ft3) D (ft) W (ft) L (ft)
35 285742.1875

288000

Θ E(Θ) E(Θ)*ΔΘ*100 F(Θ) E(Θ)*ΔΘ MPN/100ml ΔN MPN/100 ml L/day 1.44E+08
0.3 0.0000 0.0000 0.000 0.0000 300000 0.00 kg Cl/day 431.5369
0.4 0.0001 0.0009 0.001 0.0000 100000 0.92 mol Cl/day 12.15597
0.5 0.0055 0.0546 0.055 0.0005 30000 16.37 kg NaOCl/day 904.4042
0.6 0.0811 0.8113 0.867 0.0081 10000 81.13 L NaOCl/day 814.7785
0.7 0.4627 4.6274 5.494 0.0463 3000 138.82
0.8 1.3093 13.0928 18.587 0.1309 1000 130.93
0.9 2.1686 21.6863 40.273 0.2169 300 65.06 kg/day 6.300439
1 2.3546 23.5456 63.819 0.2355 100 23.55

1.1 1.8165 18.1648 81.984 0.1816 30 5.45
1.2 1.0568 10.5684 92.552 0.1057 10 1.06
1.3 0.4852 4.8517 97.404 0.0485 3 0.15
1.4 0.1820 1.8203 99.224 0.0182 1 0.02
1.5 0.0574 0.5739 99.798 0.0057 0.3 0.00
1.6 0.0156 0.1555 99.954 0.0016 1 0.00
1.7 0.0037 0.0369 99.990 0.0004 0.03 0.00
1.8 0.0008 0.0078 99.998 0.0001 0.01 0.00
1.9 0.0001 0.0015 100.00 0.0000 0.003 0.00
2 0.0000 0.0003 100.00 0.0000 0.001 0.00

463.45

20 16 300

Bleach Requirements

NaHSO3 Requirments.

Tchobanoglous, G., Stensel, H., Tsuchihashi, R. and Burton, F. (2014). 
Wastewater Engineering. 5th ed. New York: McGraw-Hill.
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Energy Equivalent
7.7 MJ/kg

FeCl2 Total Mass (lb/yr)
Sludge 99471

Total Mass (kg/yr) p (kg/year) Plant Avail. P (kg/yr) Theoretical Fertilizer Mass Energy Saved (MJ) kWh CO2 eq. (Mg) CO2 eq. (million tons)
Struvite - - - - - - - -
Sludge 45119.28664 13173.233 7903.939838 16816.89327 129490.0782 14781.9724 10997.78746 12.12298552

Total 129490.0782 14781.9724

MgCl2 Total Mass (lb/yr)
Struvite 65000
Sludge 99471

Total Mass (kg/yr) p (kg/year) Plant Avail. P (kg/yr) Theoretical Fertilizer Mass Energy Saved (MJ) kWh CO2 eq. (Mg) CO2 eq. (million tons)
Struvite 29483.50405 11855.91 11855.90976 25225.33991 194235.1173 22172.9586 16496.6812 18.18447827
Sludge 45119.28664 1317.3233 790.3939838 1681.689327 12949.00782 1478.19724 1099.778746 1.212298552

Total 207184.1251 23651.15584

Net Energy Saved (kWh) CO2 eq. (Mg) CO2 eq. (million tons)
8869.183439 6598.672478 7.27379131
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Distance Traveled (mi) 959
per mile units single trip release/use units Annual release

Total Energy 59.78 kJ/mi 284.87 kJ/mi 284.87 kJ/mi 344.64 kJ/mi 330509.76 kJ/trip 3966117.12 kJ/year kg CO2 eq
VOC 2.19 mg/mi 11.08 mg/mi 11.08 mg/mi 13.27 mg/mi 12725.93 mg/trip 152711.16 mg/year
CO 3.83 mg/mi 37.20 mg/mi 37.20 mg/mi 41.02 mg/mi 39338.18 mg/trip 472058.16 mg/year

NOx 8.50 mg/mi 0.27 g/mi 0.27 g/mi 0.28 g/mi 268.52 g/trip 3222.24 g/year
PM10 0.58 mg/mi 7.83 mg/mi 7.83 mg/mi 8.41 mg/mi 8065.19 mg/trip 96782.28 mg/year
PM2.5 0.47 mg/mi 7.60 mg/mi 7.60 mg/mi 8.07 mg/mi 7739.13 mg/trip 92869.56 mg/year

SOx 4.51 mg/mi 2.66 mg/mi 2.66 mg/mi 7.18 mg/mi 6885.62 mg/trip 82627.44 mg/year
CH4 45.94 mg/mi 1.84 mg/mi 1.84 mg/mi 47.78 mg/mi 45821.02 mg/trip 549852.24 mg/year
CO2 3.83 g/mi 21.02 g/mi 21.02 g/mi 24.85 g/mi 23831.15 g/trip 285973.8 g/year
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Equipment Operating Standby Total Sream # Current Operation Scale-Up 
Screens 1 1 2 1 24.00 38.00
Grit Separators 1 1 2 2 25.28 40.03
Primary Clarifiers 1 1 2 3 25.17 39.85
Aeration Basin 2 0 2 4 0.11 0.17
Secondary Clarifiers 3 1 4 5 38.34 60.71
Disk Filters 5 1 6 6 48.80 77.27
UV Channels 1 1 2 7 38.34 60.71
Digesters 1 1 2 8 25.56 40.47
Sludge Blending 2 0 2 9 24.28 38.44
Sludge Thickening 2 1 3 10 1.28 2.03
Sludge Dewatering 1 1 2 11 12.20 19.32

12 0.54 0.86
13 0.30 0.47
14 0.95 1.50

Equipment Operating Standby Total # to Build for Expansion 15 0.81 1.28
Screens 2 1 3 1 16 0.14 0.22
Grit Separators 2 1 3 1 17 0.14 0.22
Primary Clarifiers 2 1 3 1 18 0.02 0.03
Aeration Basin 4 1 5 3 19 0.12 0.19
Secondary Clarifiers 5 1 6 2 20 24.28 38.44
Disk Filters 8 1 9 3
UV Channels 2 1 3 1
Digesters 2 1 3 1 Equipment Scale-Up Flow (MGD) Peaking Factor Design Flow for Scale-Up (MGD
Sludge Blending 4 0 4 2 Screens 40.03 2 80.05 1.6 2
Sludge Thickening 4 1 5 2 Grit Separators 40.03 1.5 60.04 1.6 2
Sludge Dewatering 2 1 3 1 Primary Clarifiers 40.03 2 80.05 1.6 2

Aeration Basin 198.61 2 397.23 3.2 4
Secondary Clarifiers 60.71 2 121.41 4.8 5
Disk Filters 40.47 2 80.94 7.9 8
UV Channels 38.44 2 76.89 1.6 2
Digesters 0.22 2 0.44 1.6 2
Sludge Blending 1.50 2 3.01 3.2 4
Sludge Thickening 1.50 2 3.01 3.2 4
Sludge Dewatering 0.22 2 0.44 1.6 2
*peaking factor from page 3-11, Vol 1 Operators Manual

Equipment Influent Streams Current Flow (MGD) Peaking Factor Design Flow (MGD)
Screens 1, 10 25.28 2 50.56
Grit Separators 1, 10 25.28 1.5 37.92
Primary Clarifiers 2 25.28 2 50.56
Aeration Basin 3, 5, 6, 11, 15, 19 125.44 2 250.88
Secondary Clarifiers 7 38.34 2 76.68
Disk Filters 8 25.56 2 51.12
UV Channels 9 24.28 2 48.56
Digesters 16 0.14 2 0.28
Sludge Blending 4, 12, 13 0.95 2 1.9
Sludge Thickening 14 0.95 2 1.9
Sludge Dewatering 17 0.14 2 0.28

Operating Equip Needed for Scale Up

Table 5: Current Flow Calculations

Equipment Scale-Up Calculations for Expansion
Table 3: Flowrates from Mass Balance

Table 1: Current System Flow (MGD)

Table 2: Scale-Up

Table 4: Scale-Up Flow Calculations
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Investment divided by 3 Working Capital Depreciation Cost of sale Sales Cash Cum PV Cum IRR 0.21

fCTDC CWC D C excl D S Net Earn Flow 20% IRR tax rate 0.15

0 -$18.33 -$18.33 -$18.33 -$18.33

1 -$18.33 -$18.33 -$34.28 -$33.46

2 -$18.33 -$48.00 -$66.33 -$84.43 -$78.61

3 $18.33 $22.00 $55.00 $14.67 $33.00 -$62.73 -$60.08

4 $18.33 $22.00 $55.00 $9.24 $27.57 -$46.97 -$47.30

5 $18.33 $22.00 $55.00 $9.24 $27.57 -$33.26 -$36.76

6 $18.33 $22.00 $55.00 $9.24 $27.57 -$21.34 -$28.07

7 $18.33 $22.00 $55.00 $9.24 $27.57 -$10.97 -$20.90

8 $18.33 $22.00 $55.00 $9.24 $27.57 -$1.96 -$14.98

9 $18.33 $22.00 $55.00 $9.24 $27.57 $5.88 -$10.09

10 $18.33 $22.00 $55.00 $9.24 $27.57 $12.69 -$6.07

11 $18.33 $22.00 $55.00 $9.24 $27.57 $18.62 -$2.74

12 $18.33 $22.00 $55.00 $9.24 $27.57 $23.77 $0.00

NOTE: Cost of sales includes chemical and ultility cost.
All values are in millions of USD.

Year

Appendix B: Costing Calculations
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# Equipment Base Cost (USD) Annual Cost (USD) Annualized Cost (USD)
C-201a/b Primary Clarifier $1,111,264 $31,856 $142,982

C-202 Secondary Clarifier $1,487,403 $77,103 $225,843
AB-201 Aeration Basin $7,875,960 $16,844,952 $17,632,548
DW-302 Sludge Dewatering Centrifuge $126,595 $117,198 $129,858
AD-301 Anaerobic Digester $6,701,129 - $670,113
CR-301 Struvite Crystalizer $3,800,000 $1,728,162 $2,114,219
DW-301 Sludge Thickener $870,337 $271,739 $358,772

S-201 Disk Filters $15,180,755 $674,325 -
U-201 UV Disinfection $9,051,768 $2,188,777 $1,999,565

NA Pumps $881,561 $1,023,145 -
NA Tanks $6,038,522 - -
NA Preliminary Treatment $2,108,017 - -

Total $55,233,312 $22,957,258 -
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PFD # Equipment Old Flow New Flow Up Front Cost Annualized cost Phoenix Location Factor Aeration Basin Centrifuge Operation and Mantanience Clarifier Aeration Basin Centrifuges
C-201a/b Primary Clarifier 1151132.18 1588002.417 1111264 142982.0397 92.76 gal ft^3 Cost cost-equipment gpd cost Area ft cost/yr ft^3 cost/yr gpd cost/yr
C-202 Secondary Clarifier 1540769.674 2125511.255 1487403 225843.3073 CE index 14212.99 1900 110200 62200 14400 165600 707 1850 1900 26920 14400 12240
AD-301 Anaerobic Digester 5006642.97 7641052.592 6701129 670112.8975 1978 218.8 142129.9 19000 618240 308240 35000 191360 1590 2230 19000 134020 35000 18620

Trickling Filter 1617180.654 1997921.667 968488 96848.82005 2016 600 703168.8 94000 2014110 964110 54720 215400 5027 3500 94000 544050 54720 26730
Aeration Lagoon 12247343.62 17608903.81 13638162 1363816.243 1993 359.2 1421299 190000 3543150 1643150 360000 437920 10387 5030 190000 1076900 360000 48170

AB-201 Aeration Basin 5830220.914 8926491.008 7875960 17632548.5 2842597 380000 6865500 3165500 720000 604670 15394 6120 380000 2147800 720000 74530
Aeration Basin*** 12678792.22 19432077.22 17178283 1717828.29 phase 2 5310000 709843.8 DW-302 phase 2 1.40E+05 22698 7520

DW-302 Sludge Dewatering Centrifuge 2.63E+05 3.13E+05 126595 129857.6925 phase 3 8190000 1094844 phase 3 2.20E+05 31416 9430
DW-301 Sludge Thickener 7.67E+05 1.11E+06 870337 358772.3028 DW-301 phase 2 9.50E+05

belt filter press 7.52E+06 19123068 3334674.296 phase 3 1.50E+06

Corollo cost/gpd cost mil$ cost per filter cost expansion
S-201 Disk Filters 0.572796935 13.74712644 151807.5534 15180755.34

Cloth Filters 732742.75 8451112.452

operation and maintenance Cost Cost Today
PFD # Equipment
C-201a/b Primary Clarifier 11616.7006 31856 0.003185567
C-202 Secondary Clarifier 28116.897 77103 0.007710301
AD-301 Anaerobic Digester 0

Trickling Filter 0
Aeration Lagoon 0

AB-201 Aeration Basin 6142793 16844952 1.684495248
Aeration Basin*** 0

DW-302 Sludge Dewatering Centrifuge 42738.29 117198 0.011719824
DW-301 Sludge Thickener 99094.00 271739 0.027173858

Belt Filter Press 5.19E+05 1422367 0.142236746 belt filter press
gpd gpm cost O andM

Annual O&M 21600 15 209760 18500
S-201 Disk Filters 674325.2883 43200 30 289230 24000

Cloth Filters 307717.5352 324000 225 1726730 114960
648000 450 3290150 231330

cost/scfm Annual  Cost
odor control systems Capital O&M scfm 24500
GAC 47.5 25 1217497
Chemical Scrubign 70 286470
Biofilters 9.73 0.79 72149
Disk Filters $15,180,755 $674,325 $2,192,401
Cloth Filters $8,451,112 $307,718 $1,152,829
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MgCl/Phosphorus Extraction FeCl2
Annual Cost 2,114,219.22$   1,915,113.05$  

Annual Cost, FeCl2 P produced 65000 lb/day
29483504.05 g/day

32.5 ton/day
FeCl2 Needed 2.7 g FeCl2/g P

79,605,460.94     g FeCl2/day
10,896.14             gal/day

3,977,090.67       gal/year
Density, FeCl2 1.93 g/cm^3

7305.8413 g/gal
Cost 0.48$   per gallon FeCl2

1,909,003.52$     per year

Purchase Cost V 12,500 gal
Current # Tanks 1

Need 0.87 -> assuming a tank will need to be built for future expansion
Cp, Tank 60,573.70$          per tank

Maintenance Costs Population 757,244.00           people
Cost for pop. = 45000 3.10$   per year
Cost for current pop 52.16$                  per year

Annualized Cost 1,915,113.05$                

Annual Cost, MgCl2 MgCl2 Needed 28000 lb/day $2,562,242.83 per year
12700576 g/day

13.99998858 ton/day
5109.995832 ton/year

MW, MgCl2 95.205 g/mol
Density, MgCl2 2.32 g/cm^3

Cost 875.00$                per ton MgCl2
4,471,246.35$     per year

Purchase Costs V 12,500 gal
MgCl2 Needed 5,474,386.21       cm^3/day

1446.17984 gal/day
Cp, Tank 60,573.70$          per tank
AirPrex 3,800,000.00$     

Annualized Cost 2,114,219.22$                (with revenue)

Struvite Revenue 231.24$   per ton Struvite
7,515.30$  per day

2,743,084.50$                per year ##########

-> from value on previous year report

Current Struvite Control

-> for chemicals

Proposed Struvite Removal with AirPrex

-> will only need one storage tank for MgCl2
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2002 10 yr Investment (millions of dollars) Capital Cost Maintenence Cost Chemical Cost
UV 14.61888889 $6,617,778 $800,111 -

Chlorination/dechlorination 13.66771984 $2,443,858 $943,844 $178,542

2017 10 yr Investment (millions of dollars)
UV 19.99565414 $9,051,768 $1,094,389 -

Chlorination/dechlorination 18.69464915 $3,342,699 $1,290,986 $244,209

2017 Annualized cost (millions of dollars)
UV 1.999565414

Chlorination/dechlorination 1.869464915

4.75
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Cl Capital
size cost ($)

1 150000
10 700000
50 3000000

line interp 2307324.8

Cl Maintenance
size cost ($ /1000 gal)

1 0.8
10 1.4
50 2.6

line interp 2.24

SO2 Maintenence
size cost ($/year)

1 13000
10 41000

100 207000
line interp 92644.444

SO2 Capital
size cost ($)

1 39000
10 88000

100 244000
line interp 136533.33

0
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CL capital cost
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SO2 Maintenence cost

0
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SO2 Capital Cost

0

1
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3

0 10 20 30 40 50 60

CL capital cost
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Pump Influent Pump (P-101) Grit Pump (P-102) Sludge Pump (P-201) RAS Pump (P-202) WAS Pump (P-203) Effluent Pump (P-204) Blending Pump (P-301)  Thickening Pump (P-302) Polymer 1 (P-303) Blending (P-304) Digester Feed (P-305) Digester Heating (P-306) Dig. Sludge Circ. (P-307) Tank Drain Sump (P-308) Polymer 2 (P-309) Cb calculation from Eq 16.14 from Product and Process Design Principles 4th Ed. Pg. 1094
Capacity (gpm) 300 250 300 2125 330 9000 1100 500 75 900 106 630 2000 210 75
Head  (ft) 49.5 49.5 42 17 32 105 49.5 100 30 35 49.5 49.5 49.5 47 30
Number 4 2 3 5 2 7 2 4 1 4 3 4 2 1 1
S 2110.687092 1758.90591 1944.22221 8761.599454 1866.761902 92222.55689 7739.186004 5000 410.7919181 5324.471805 745.7761058 4432.442893 14071.24728 1439.687466 410.7919181 Eqns 16.14-16.20 used for pump cost calculations
Base Cost (Cb $) 4690.767618 4556.600508 4626.548651 7164.625363 4597.070875 31062.14555 6809.610882 5815.532408 4438.320933 5937.079855 4292.864637 5600.178292 8913.865498 4442.893664 4438.320933 Annual Cost from pg. 7 of the Greenfield Energy Audit
Cp  Pump ($) 4690.767618 4556.600508 4626.548651 10746.93804 4597.070875 46593.21832 10214.41632 5815.532408 4438.320933 8905.619783 4292.864637 5600.178292 13370.79825 4442.893664 4438.320933

Pc (Motor Power) (hp) 230 230 30 15 5 300 20 75 5 20 30 10 40 4.73701127 5
Cb motor ($) 13355.99477 13355.99477 1324.252584 778.2236324 480.0501435 18266.12753 949.417659 3426.109985 480.0501435 949.417659 1324.252584 619.9894765 1737.079908 473.4719797 480.0501435

Total Cost ($) CE (2013) CE (2018)
Total Cost 72187.04955 35825.19055 17852.4037 57625.80839 10154.24204 454015.4209 22327.66796 36966.56957 4918.371076 39420.14977 16851.35166 24880.67108 30215.75631 4916.365644 4918.371076 833075.3893 567 600

Eta_p 0.663691078 0.644445337 -- -- -- -- -- -- -- -- -- -- -- 0.625295082 -- Scaled Cost (infl)
Density (H2O) (lbs/gal) 8.32487 8.32487 -- -- -- -- -- -- -- -- -- -- -- 8.32487 -- 881561.2585
Pb 5.644480726 4.844206439 -- -- -- -- -- -- -- -- -- -- -- 3.981948698 --
Eta_m 0.849757285 0.845800583 -- -- -- -- -- -- -- -- -- -- -- 0.840603594 --

Pump Type Type Factor (Ft)
Operating hours (OH) 8760 h/yr Centr. (50-900 gpm) 1
Conversion Factor 0.746 kW/hp Centr. (50-3500 gpm) 1.5
Utilization Factor 1 Centr. (100-1500 gpm) 1.7
Load Factor 0.7
Motor Efficiency 0.849 Pump Material Material Factor (Fm)
Energy Usage Charge 0.0579 $/kWh Cast Iron 1

Ductile Iron 1.15
Annual Power (kWh/yr) 3573028.59 1786514.295 349535.4055 291279.5046 38837.26728 8155826.129 155349.0691 1165118.018 19418.63364 310698.1382 349535.4055 155349.0691 310698.1382 18397.25728 19418.63364 Cast Steel 1.35
Annual Cost ($) 206878.3553 103439.1777 20238.09998 16865.08332 2248.677776 472222.3329 8994.711102 67460.33327 1124.338888 17989.4222 20238.09998 8994.711102 17989.4222 1065.201197 1124.338888 Bronze 1.9
Total Annual Cost ($) 966872.3058 Stainless Steel 2
Scaled Annual Cost (infl) 1023145.297 Total Energy 16699003.55

Conversion 0.744 kg/kWh
Co2 Equiv. 12424058.64 kg CO2
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Blower B-101 a/b B-201 a/b Total Cost ($) CE (2013) CE (2018) Cb calculation from Eq 16.32 from Product and Process Design Principles 4th Ed. Pg. 1112
Number 1 4 791981.4078 567 600
Power (hp) 1.5 700
Cb ($) 1539.199 197610.6 Scaled cost (infl)

838075.5638
Cp ($) 1539.199 790442.2
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Exchanger E-301 T1 (°F) 45 CE (2013) CE (2018) Cb calculation from Eq 16.41 from Product and Process Design Principles 4th Ed. Pg. 1120
Capacity (Btu/hr) 1500000 T2 (°F) 74 567 600
Model ESKO, Model 1.5 MBH-10
Diameter (in) 10
U (Btu/hr*ft^2*°F) 50
Log mean T 58.30287136
Number 2
Area (ft^2) 514.5544173

Cb ($) U-Tube 22451.0475

Scaled Cost (infl) 23757.72223

Material Material Factor (Fm) a b
Carbon Steel 1 0 0

Operating Pressure (psig) Pressure Factor (Fp)
Ambient 1

Length of Tube (ft) Length Factor (Fl)
>20 1
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Heat Btu/hr 2009000 CE (2013) CE (2018)
Number 2 567 600

Cb ($) 152292.4677

Operating Pressure (psig) Pressure Factor (Fp)
20 1

Material Material Factor (Fm)
Carbon Steel 1

Cp ($) 152292.4677

Scaled Cost (infl) 161156.0505
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Tank Sludge Blending Polymer Tank 1 Thickened Blending Digested Sludge Polymer Tank 2 Stripping Storage 1 Stripping Storage 2 Dewatered Cake CE (2013) CE (2018)
Capacity (MG) 1.5 6.50E-03 3.50E-03 1.3 6.50E-03 0.0125 0.0125 -- 567 600

Conversion (ft^3/gal) 0.13368056
Capacity (ft^3) 200520.84 868.92364 467.88196 173784.728 868.92364 1671.007 1671.007 3000 No capacity given for sludge blending. Using max flow rates with 1 day residence times V=1.5 MG

Width:Height = 2:1
Diameter (ft) 79.92817126 13.03088598 10.60129307 76.20507724 13.03088598 16.20464409 16.20464409 19.69490044
Height (ft) 39.96408563 6.51544299 5.300646535 38.10253862 6.51544299 8.102322045 8.102322045 9.847450219

Volume (ft^3) 200520.84 868.9238543 467.8820754 173784.728 868.9238543 1671.007412 1671.007412 3000

Diameter (in) 959.1380551 156.3706318 127.2155168 914.4609269 156.3706318 194.4557291 194.4557291 236.3388052
Height (in) 479.5690276 78.18531588 63.60775842 457.2304634 78.18531588 97.22786454 97.22786454 118.1694026

Density of carbon steel (lb/in^3) 0.284
Shell Thickness (in) 1.25

Shell Volume (in^3) 3624401.41 3295136.432
1029330 935818.7467

Weight (lbs) 1335517.092 35734.67468 23694.53735 1214073.915 35734.67468 55175.44701 55175.44701 81410.90591

Number 2 1 2 1 1 1 1 2

Cv ($) 1596989.52 106670.8087 81510.29692 1475724.804 106670.8087 142964.9058 142964.9058 187203.7405
Scaled by Number 3193979.039 106670.8087 163020.5938 1475724.804 106670.8087 142964.9058 142964.9058 374407.481

Sum 5706403.348

Scaled Sum (infl) 6038522.061
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New Flow (MGD) 38 CE (1978) CE(2018)
Old Flow (MGD) 24 218.8 600 Using "Cost Curves Wastewater." Pg 46 (of PDF)
Flow (MGD) 14

New Cost 2607793
Old Cost 1839069

Additional Cost 768723.5

Scaled Cost (infl) 2108017

This price includes the cost of bar screens, and/or grit removal.
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Sream # Flow (MGD) Tot (lb/day) BOD5 (lb/day) TSS (lb/day) VSS (lb/day) Total N (lb/day) NH3-N (lb/day) MgCl2 (lb/day) Stuvite (lb/day)
1 38.00 233,520 63,425 81,170 65,328 14,084 9,513 - -
2 40.03 238,824 64,063 83,573 67,216 14,443 9,529 - -
3 39.85 158,520 49,288 48,265 38,798 12,684 9,486 - -
4 0.17 208,554 143,026 35,308 28,418 1,759 43 - -
5 60.71 2,755,575 363,677 1,270,345 997,823 114,019 9,711 - -
6 77.27 3,277,270 390,175 1,545,903 1,210,973 129,711 508 - -
7 60.71 2,684,925 319,653 1,266,491 992,098 106,267 416 - -
8 40.47 6,930 952 2,533 1,984 1,184 277 - -
9 38.44 1,815 336 127 100 966 287 - -

10 2.03 5,304 638 2,404 1,887 359 16 - -
11 19.32 2,608,265 318,633 1,224,737 961,436 101,379 2,079 - -
12 0.86 113,105 13,767 53,211 41,791 4,330 6 - -
13 0.47 52,934 11,446 23,139 17,184 1,062 103 - -
14 1.50 246,348 39,989 111,660 87,394 7,154 152 - -
15 1.28 26,117 5,333 11,121 8,696 838 130 - -
16 0.22 219,227 34,578 100,097 78,263 6,267 22 - -
17 0.22 108,367 445 60,396 39,222 6,235 2,068 - -
18 0.03 96,095 355 54,000 37,261 4,218 261 - -
19 0.19 8,897 92 3,019 1,962 2,017 1,807 - -
20 38.44 1,815 336 127 100 966 287 - -
21 0.01 - - - - - - 28,000 -
22 - 65,000 - - - - - - 65,000

Appendix C: Overall Mass Balance
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Project Name: Date: 4/18/2018 Page 1 of  2

Name:

Too High

Too Low

Too High

Too Low

Light Dosage

UV Lights

Process Influent Waste Water 
Flow Rate

Monitor flow rate of waste water flowing 
through the process. Monitor effluent quality 
after the process would also allow operators 
to see if the permit is being met.

Monitor flow rate of waste water flowing 
through the process. Monitor effluent quality 
after the process would also allow operators 
to see if the permit is being met.

Faulty pumps                                      
High flow event (monsoon).                  
Issue with upstream process.

Faulty pumps.                                                 
Issue with upstream process.

A higher flow rate would reduce the residence 
time in theUV chamber, resulting in less time 
to disinfect the water. The effluent quality 
may no longer reach the permitted levels.

A low flow rate would mean the water is 
receiving a higher dose of UV light. The 
process would be disinfecting much more 
than is needed to meet the permit 
requirements for effluent quality. This may 
also result in higher energy cost for the 
process.

Lights with higher UV output than 
needed are in use.
Residence time of waste water is too 
high.
Faulty pumps. 

If the water is receiving too high a dose of UV 
light, then the process will be disinfecting 
much more than is needed to meet the 
permit requirements for effluent quality. This 
may also result in higher energy cost for the 
process.

Monitor flow rate of waste water flowing 
through the process. Monitor effluent quality 
after the process would also allow operators 
to see if the permit is being exceeded 
unnecessarily.

Broken lights.
Faulty pumps. 
Inadequate removal of solids from 
upstream processes.

Low UV dosage will lead to inadequate 
disinfection. This would mean the effluent 
water quality would not be meeting the 
standards of the permit, which would lead to 
legal issues.

Monitor flow rate of waste water flowing 
through the process. Monitor effluent quality 
after the process would also allow operators 
to see if the permit is being met.

Action Required
PFD (Page 2)Reference Drawing:

Process 
Parameters

Deviations
Tertiary Treatment

Process Equipment:
Section:

Greenfield Water Reclamation Plant Phase III Expansion

Study Node

Possible Causes Possible Consequences and Down 
Stream effects

Brandon VelasquezUV Disinfection (U-201 a/b (001-02))



Project Name: Date: 4/18/2018 Page 2 of  2

Name:

Too High

Too Low

Too High

Too Low

Inlet dispersion Increased inlet flow rate causing 
turbulence.                                                   
Faulty pumps.

High dispersion is not a bad thing. Better 
mixing of the influent allows for a more 
uniform distribution. The UV dosage would 
then also be treating all areas of the water 
more evenly.

None.

Decreased inlet flow rate.                      
Faulty pumps.

Low dispersion would result in 
nonhomogeneity of the water. As a result, the 
UV dosage may not be sufficient to treat 
areas of higher conccentration of 
contaminants. This may lead to the plant 
effluent not meeting the requirements of the 
treatment permit.

Adding baffles to promote mixing. Have 
multiple flow inlets to this process.

Presence of 
Biosolids

Issue with upstream process. A higher presence of biosolids in this process 
would result in decreased effectiveness of of 
treatment. Dosage would drop and effluent 
quality would decrease.

Check upstream processes to find out why so 
many biosolids aren't being removed where 
they should be.

Upstream processes are more 
effective than originally thought.    

With fewer biosolids present the UV light 
would be have less interference passing 
through the water, and the disinfection 
treatment would be more effective.

None.

Study Node

Process 
Parameters

Deviations Possible Causes Possible Consequences and Down 
Stream effects

Action Required

Greenfield Water Reclamation Plant Phase III Expansion
Process Equipment: UV Disinfection (U-201 a/b (001-02)) Brandon Velasquez
Section: Tertiary Treatment Reference Drawing: PFD (Page 2)



Project Name: Date: 4/17/2018 Page 1 of     3
Name:

Section:

Too High

Too Low

Too High

Too Low/ None

Too High

Too Low

Crystallization 
Vessel

Pressure Gas vent occluded. Controller 
malfunction.

Structural damage to container. Property 
damage and halting of treatment process.

Biosolids Flow

Temperature

Monitor flow rates for P-308, P-309, and P-
310. Monitor tank level. 

Monitor flow rates for P-308 and P-310. 
Monitor tank level. Check streams/ pumps up 
and down stream.

Pump malfunction (P-308:P-310). 
Controller malfunction.

Blockage either up stream or 
downstream of process. Pump 
malfunction (P-308/P-310).               
Controller malfunction.

Decreased retention time below 8hr. Higher 
phosphorus content in biosolids. Reduced 
dewatering efficiency and increase biosolids 
water content. Overflow of container. 
Possible precipitation downstream.

Increased retention times. Back-up in 
preceding systems. Reduction in treatment 
capacity. Failure to meet treatment 
requirements. Possible precipitation 
downstream.

Monitor vessel pressure. Ensure emergency 
relief valve installed.

Blower malfunction. Controller 
malfunction. Occlusion in air inlet.

CO2 stripping not completed. pH not reduced. 
Possible precipitation downstream. Higher 
phosphorus content in biosolids. Reduced 
dewatering efficiency and increased biosolids 
water content. Reduced profit, and increased 
O&M costs.

Monitor vessel pressure. Monitor flow rates 
for blower. Check pipes and blower.

High ambient temperature. Decreased struvite precipitation above 60°C. 
Higher phosphorus content in biosolids. 
Reduced dewatering efficiency and increased 
biosolids water content. Reduced profit, and 
increased  O&M costs.

Monitor temperature. Prevent direct sunlight 
with enclosure or shade. Process could be 
cooled, but this is not of practical concern. 
30°C is ideal working temperature. 

Low ambient temperature. Decreased struvite precipitation below 25°C. 
Higher phosphorus content in biosolids. 
Reduced dewatering efficiency and increased 
biosolids water content. Reduced profit, and 
increased O&M costs.

Monitor temperature. Place in enclosure with 
temperature control. Heat inlet to 30°C using 
waste methane for burning.

Greenfield Water Reclamation Plant Phase Three Expansion

Study Node Possible Causes Possible Consequences and Down 
Stream effects

Action Required
PFD (page 3)Reference Drawing:

Process 
Parameters

Deviations

Joseph Schlosser
Biosolids Handling

Struvite Crystallizer (CR-301)Process Equipment:



Project Name: Date: 4/17/2018 Page 2 of     3
Name:

Section:

Too High

Too Low

Too High

Too Low/ None

Stripping Gas Inlet 
Dispersion

Flow rate Too High

increase vessel size. Increase struvite 
recovery speed. See increased biosolid flow 
section. 

Struvite buildup within system. Damage to 
vessel or pipes. 

Increased biosolid flows. Pump 
malfunction (P-308/P-310). High PO4 
content.

Action Required

Greenfield Water Reclamation Plant Phase Three Expansion
Process Equipment:

pH not controlled. Possible precipitation 
downstream. Higher phosphorus content in 
biosolids. Reduced dewatering efficiency and 
increased biosolids water content. Reduced 
profit, and increased O&M costs.

Adequate air flow not provided for 
stripping. Blower malfunction. 
Occlusion in air inlet. Controller 
malfunction.

pH of 7.0 to 8.0 desired. Possible precipitation 
downstream. Higher phosphorus content in 
biosolids. Reduced dewatering efficiency and 
increased biosolids water content. Reduced 
profit, and increased O&M costs.

Monitor flow rates for blower. Check pipes 
and blower. Check pH of tank. Increase 
airflow. Decrease CO2 dosages. Add MgO 
and/or NaOH.

pH

Solid 
Precipitation 

Rate

Process 
Parameters

Deviations Possible Causes Possible Consequences and Down 
Stream effects

Struvite Crystallizer (CR-301)
Biosolids Handling

Study Node

Increase MgCl2 dosages. Check MgCl2 pump 
(P-309). See pH, decreased biosolid flow, and 
temperature sections.

Check pH of tank. Check blower. Check inlet 
and pipe.

Blower malfunction. Controller 
malfunction. Leak in air inlet.

Possible precipitation downstream. Higher 
phosphorus content in biosolids. Reduced 
dewatering efficiency and increased biosolids 
water content. Reduced profit, and increased 
O&M costs.

Decreased biosolid flows. Pump 
malfunction (P-308/P-310). pH too 
high/low. Mg/PO4 ratio less than 
1:1.1. Temperature too low/high. 

Too much airflow. Blower 
malfunction. Contamination 
upstream. CO2 compressor (CP-301) 
malfunction. Waste gas burner 
malfunction (F-301). Controller 
malfunction.

pH of 7.0 to 8.0 desired. Struvite 
contamination with impurities. Possible 
precipitation downstream. Higher phosphorus 
content in biosolids. Reduced dewatering 
efficiency and increased biosolids water 
content. Reduced profit, and increased O&M 
costs.

Check pH of tank. Check blower. Reduce 
airflow. CP-301, Check F-301. Increase CO2 
dosages. 

Joseph Schlosser
Reference Drawing: PFD (page 3)



Project Name: Date: 4/17/2018 Page 3 of     3
Name:

Section:

Too Low/ None

Too High

Too Low/ None

Action Required

Greenfield Water Reclamation Plant Phase Three Expansion
Process Equipment: Struvite Crystallizer (CR-301) Joseph Schlosser

Biosolids Handling Reference Drawing: PFD (page 3)
Study Node Process 

Parameters
Deviations Possible Causes Possible Consequences and Down 

Stream effects

Struvite Collection 
Outlet

Blower malfunction. Occlusion in air 
inlet. Controller malfunction. 

pH not controlled. Possible precipitation 
downstream. Higher phosphorus content in 
biosolids. Reduced dewatering efficiency and 
increased biosolids water content. Reduced 
profit, and increased O&M costs.

Check pH of tank. Check blower. Check inlet 
and pipe.

Flow rate Increased struvite precipitation. 
Struvite contaminated with water 
(sieve malfunction).

Struvite contamination. Reduced profit and 
increased O&M costs.

Check sieve and pipes.

Decreased precipitation rate due to 
pH, temperature, or biosolids flow 
disturbances. Occlusion or 
malfunction in sieve/outlet.

Possible precipitation downstream. Higher 
phosphorus content in biosolids. Reduced 
dewatering efficiency and increased biosolids 
water content. Reduced profit, and increased 
O&M costs.

Check sieve, outlet, and pipes. See pH, 
decreased biosolid flow, and temperature 
sections.



Project Name: Date: 4/20/2018 Page 1 of         1

Name:

Too High

Too Low

Too High

Too Low/None

Too High

Too Low

Too High

none Break in chain drive, loss of power to 
system

Using only half of filter area in disks leading to 
reduced efficiency of whole system. Excess 
wear on loaded filters, ruptured filter

Alarm to notify operator. Perform regular 
maintenance

Axel RotationFilter Housing

sensor malfunction, leak from 
coagulant tank

Higher solids concentration in effluent 
reducing UV efficiency

Monitor coagulant inflow, check connections 
to coagulant storage tank

sensor malfunction Damage to filters, housing or surrounding 
equipment

Perform regular maintenance on chain drive 
system. Implement fail safe if rotation is 
above a certain speed

Influent Solids 
Concentration

Flow rate

Tertiary Filters

Coagulant InflowFilter Influent 
Junction Structure

Monitor flowrates to individual filter boxes

Check the junction box, monitor flowrates to 
individual filter boxes

Monitor coagulant inflow

clog in Filter Influent Junction

Filter bypass gate open, clog in Filter 
Influent Junction, break in pipe.

sensor malfunction

Bursting of cloth filter material, higher solids 
concentration in effluent

Wasting power to turn filters. Strain on the 
rest of the system. Ruptured filter and release 
of greywater

Clogging of filters, reduce filter efficiency, 
replace filters more often.

Overloading of Secondary Clarifiers (C-
202), Sludge blanket developing too 
quickly causing weir overflow.

Clogging of filters, higher effluent solid 
concentration reducing UV efficiency, replace 
filters more frequently.

Increase C-202 scraper speed, decrease 
flowrate to disk filters

Longer retention time in C-202 Increased longevity none

Action Required
PDF (page 2)Reference Drawing:

Process 
Parameters

Deviations
Tertiary Treatment

Process Equipment:
Section:

Greenfield Water Reclamation Plant Phase Three Expansion

Study Node

Possible Causes Possible Consequences and Down 
Stream effects

Kyle ChristieDisk Filters (S-201)



Hazards and Operability Review 
 

Project Name:  Greenfield Water Reclamation Plant - Phase III 
Expansion 

Date:  04/20/2018   Page   1   of     2 

Process Equipment (PFD #): Aeration Basin (AB-201) Name of Individual Doing Review:  Erica Vanover 

Section: Secondary Treatment  Reference Drawing: PFD (page 2) 

 
 

Study Node Process 
Parameters 

Deviations 
(Guide 
Words) 

 
Possible Causes 

 
Possible Consequences (include 

info on process immediately 
downstream) 

 
Action Required 

 
Reactor Vessel 
 
 
 

Temperature 

 

Too High High ambient temperature 

 

If the temperature of the water becomes 
too high (~90ºF), microorganisms will 
not grow adequately enough for efficient 
degradation of sludge. The current 
colonies of microorganisms may also die 
off. 

Monitor ambient and basin 
temperatures. Enclosure should 
prevent direct sunlight, but 
consider adding shade during 
the summer months.   

 Too Low Low ambient temperature 

 

If the temperature of the water becomes 
too low (~32ºF), microorganisms will 
not grow adequately enough for efficient 
degradation of sludge. The current 
colonies of microorganisms may also die 
off. 

Monitor ambient and basin 
temperatures. Temperature 
control may be used during 
winter months if necessary, 
waste methane can be burned 
to provide additional heating. 

 Blower Air 
Flow Rate 

 

 

Too High Blower malfunction (B-201 
a/b) 

Blowers providing too much air will 
consume copious amounts of energy. 
May affect microorganism growth. 
Solids may float at the top, rather than 
staying suspended throughout the water. 

Monitor blower flow rate. 

 Too Low/ 
None 

Blower malfunction (B-201 
a/b) 

Leak in pipes 

 

Blowers providing too little air will not 
supply enough oxygen to basin, and thus 
will not allow microorganisms to grow 
adequately. 

Monitor blower flow rate, 
check pipes for leakage. 

 pH Too High Treatment malfunction A high pH will not allow 
microorganisms to grow. 

Monitor pH, adjust upstream if 
necessary. 

 Too Low Treatment malfunction A low pH will not allow microorganisms 
to grow. 

Monitor pH, adjust upstream if 
necessary. 



Project Name:  Greenfield Water Reclamation Plant - Phase III 
Expansion 

Date:  04/20/2018   Page   1   of     2 

Process Equipment (PFD #): Aeration Basin (AB-201) Name of Individual Doing Review:  Erica Vanover 

Section: Secondary Treatment  Reference Drawing: PFD (page 2) 

 
 

Study Node Process 
Parameters 

Deviations 
(Guide 
Words) 

 
Possible Causes 

 
Possible Consequences (include 

info on process immediately 
downstream) 

 
Action Required 

 
Inlet 

Wastewater 
Flow Rate 

Too High Pump malfunction (P-202 
a/b) 

Controller Malfunction 

Too much water will offset oxygen and 
water ratio, and will not allow 
microorganisms to grow. 

Monitor flow rate, check 
pumps and controllers 

 Too 
Low/None 

Pump malfunction (P-202 
a/b) 

Controller Malfunction 

Block in feed 

Not enough water will prevent 
conditions in which suspended solids 
exist for proper aeration.  

 

Monitor flow rate, check 
pumps, controllers, feed pipe 

 
 

Outlets Liquid Flow 
Rate 

 

Too high Pump malfunction (P-202 
a/b) 

Controller Malfunction 

Water exiting too quickly will also not 
allow solids to suspended or 
microorganisms to grow. 

Monitor flow rate, check 
pumps, controllers 

 Too 
Low/None 

Pump malfunction (P-202 
a/b) 

Controller malfunction 

Possible blockage 

Water not exiting at all or fast enough 
will offset oxygen and water ratio, and 
will not allow microorganisms to grow. 

Monitor flowrate, check 
pumps/controllers, check for 
blocks in inlet pipe 

 Biosolid Flow 
Rate 

Too High Pump malfunction (P-202 
a/b) 

Controller malfunction 

 Microorganisms will not be able to 
adequately break down sludge. 

Monitor flow rate, check 
controller/pump 

 Too Low Pump malfunction (P-202 
a/b) 

Controller malfunction 

Block in feed 

There will be too much water and sludge 
will not remain suspended (it may float 
to the top and will not be broken down). 

Monitor flow rate, check 
controller/pump, check for 
blocks in inlet pipe 
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Appendix F: Process Description 

Liquid Treatment Process 
The influent wastewater received by Greenfield Water Reclamation Plant (GWRP) comes from 
the cities of Gilbert, Mesa, and Queen Creek (stream #1). The wastewater travels through the 
headworks building for preliminary treatment, which consists of bar screens (S-101) and grit 
separators (C-101) to remove large solids. The initial air stripping system for foul odor control is 
located near headworks as well, which includes chemical storage (T-101), an air scrubber 
(A-101), and a blower (B-101). The effluent of the grit separators (stream #2) is then sent to the 
primary clarifier (C-201) for further separation of solids and liquids. Solids that settle at the 
bottom of the primary clarifier are sent to sludge processing in stream #4, outlined below. The 
remaining wastewater is sent to the aeration basins (AB-201) in stream #3, where air is 
introduced using blowers (B-201) to promote microbial growth and decomposition of sludge. 
The effluent (stream #7) is sent to a secondary clarifier (C-202) which allows sludge to settle. If 
the recycle activated sludge (RAS) system is used, some sludge is recycled back to the aeration 
basin in stream #11 to promote growing cultures of bacteria. The remaining secondary sludge is 
sent in stream #12 to sludge processing, outlined below. The effluent wastewater (stream #8) is 
sent to the disk filters (S-201) to filter out any remaining solids. The filtration effluent (stream 
#9) is sent to UV chambers (U-201) for disinfection. The clean wastewater effluent (stream #20) 
is distributed to Gilbert South Recharge Area and Reclaimed Water Reservoir, Gila River 
receiving canal, and East Maricopa Floodway.  

Solids Treatment Process 
Primary sludge (stream #4) and secondary sludge (stream #12) is fed  to the sludge blending tank 
(T-301). This tank also receives an equivalent biosolids volume of 0.47 MGD (stream #13). The 
blended sludge is sent (stream #14)  to thickening centrifuges (DW-301). Polymer is supplied 
from the polymer supply tank (Poly. Tank 1). Excess water is sent (stream #15) to the aeration 
basin (AB-201). The solids are sent to the thickening blending tank (T-302) and after blending 
are sent (stream #16) to anaerobic digestion (AD-301). The temperature control of the anaerobic 
digestion is supplied by circulating the waste through the heat exchangers (E-301). This energy 
is supplied by heat generated from burning the methane generated by this process in the heater 
(H-301). Excess gas is burned off by the waste gas burner (F-301). Biosolids generated during 
anaerobic digestion are stored in the digested sludge tank (T-304). Foul air from the solids 
treatment building is sent to the secondary air scrubbing system (A-301), which receives 
stripping chemicals from stripping storage 2 (T-305). 10 % of the CO2 (g) generated by burning 
will be sent to the CO2 compressor (CP-301), which is then injected after the digested sludge 
tank in order to maintain low pH. After the digested sludge storage tank, the biosolids are sent 
(stream #17) to struvite crystallization (CR-301). This receives (stream #21) a supply of MgCl2 
from the Dry storage (T-306), and produces 35 ton of struvite (stream #22). The CO2(g) is 
stipped out and sent to the A-301. The remaining sludge is sent to sludge dewatering (DW-302). 
This receives polymer supply from poly. tank 2 (T-307). Excess water is sent (stream #19) to 
AD-301. The dewatered biosolids are sent to dewatered cake storage (T-308) and subsequently 
sent (stream #18) to be land applied. 
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Appendix G: Meeting Logs 
Meeting Minutes Form 

(These are for in person, phone, skype, etc. meetings) 

Date: 01/24/2018 Planned Meeting Start Time: 12:00 

Name (Include mentors etc.) Time Arrived Time Left 

Joseph Schlosser 12:00  14:00 

Kyle Christie 12:00  14:00 

Erica Vanover   12:00 14:00 

Brandon Velasquez 12:00 14:00 

Provide a brief summary (2 to 4 sentences or bullets on Each Individuals Progress. Include what the 

individual is working on, what is expected by the next meeting) 

Group Member 1: Joseph Schlosser 

Progress: Basis of design complete, BFD complete, Summary complete 

New Task: Presentation 

Group Member 2: Kyle Christie 

Progress: Basis of design complete 

New Task: Presentation 

Group Member 3: Erica Vanover 

Progress: Basis of design complete 

New Task: Presentation 

Group Member 4: Brandon Velasquez 

Progress: Basis of design complete 

New Task: Presentation 

Next Meeting Date: 01/31/2018, Time: 12:00, Place: Room 10 

Individual to contact any missing group members via email/phone – copy Dr. Ogden ____________ 
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Meeting Minutes Form 

(These are for in person, phone, skype, etc. meetings) 

 

Date _______2/5/18___________________ Planned Meeting Start Time ____8:00 AM______ 

 

Name (Include mentors etc.)   Time Arrived    Time Left 

Brandon Velasquez                                                 7:55                                                 8:30 

Erica Vanover                                                         7:55                                                 8:30 

Joe Schlosser                                                           7:55                                                 8:30 

Kyle Christie                                                           7:55                                                 8:30 

Erin Lansey (Mentor)                                              8:00                                                 8:30 

Clayton Freed 

 

Provide a brief summary (2 to 4 sentences or bullets on Each Individuals Progress. Include what the 

individual is working on, what is expected by the next meeting) 

 

Group Member 1 __________Brandon______________ 

Progress: 

• Completed Equipment Table 

• Looking into scaling parameters 

 

New Task:  

• Look up material cost estimates 

• Look into clarifier/aeration technical details 

 

 

Group Member 2 __________Erica________________ 

Progress: 

• Completed Stream Table (with Kyle) 

• Looking into possibly replacing UV with Chlorine treatment 

 

New Task: 

• Look up construction cost estimates 

• Look into UV/Chlorine technical details 

 

 

Group Member 3 _________Joe__________________ 

Progress: 

• Completed Process Flow Diagram 

• Preliminary analysis of influent data 

 

New Task: 

• Look up utility costs for plant 

• Look into anaerobic digester technical details 
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Group Member 4 __________Kyle__________________ 

Progress: 

• Completed Stream Table (with Erica) 

• Prepping optimization program 

 

New Task: 

• Look up efficiencies of each piece of process equipment 

• Look into foul air scrubber technical details 

 

 

 

 

Next Meeting Date_______2/14/18_______, Time ______11:00______, Place ___HARSH 10__ 

Individual to contact any missing group members via email/phone – copy Dr. Ogden __Brandon___ 
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Meeting Minutes Form 

(These are for in person, phone, skype, etc. meetings) 

 

Date _______3/09/18___________________ Planned Meeting Start Time ___11:00 AM______ 

 

Name (Include mentors etc.)   Time Arrived    Time Left 

Brandon Velasquez                            10:55                             11:30 

Erica Vanover                                          10:55                             11:30 

Joe Schlosser                                              10:55                                        11:30 

Kyle Christie                                              10:55                                           11:30 

Erin Lansey (Mentor)                                                   No Show                                          

Clayton Freed (AZ Water)   11:00     11:30 

 

Provide a brief summary (2 to 4 sentences or bullets on Each Individuals Progress. Include what the 

individual is working on, what is expected by the next meeting) 

 

Group Member 1 __________Brandon______________ 

Progress: 

• Updated Equipment Table 

o Design Parameters from Operators Manual 

• Project Plan: Development of Understanding of Client Expectations and Project Intentions 

 

New Task:  

• Net Present Value calculations for Ad/Ox and RO 

• Tertiary treatment/Phosphorus extraction plan/justification 

• Expansion equipment costing: Clarifiers 

 

 

Group Member 2 __________Erica________________ 

Progress: 

• Updated Stream Numbers on PFD 

• Project Plan: Project Scope 

 

New Task: 

• Cradle to Grave LCA for Chlorine disinfection 

• Net Present Value calculation for Chlorine 

• Expansion equipment costing: Aeration Basin 

 

 

Group Member 3 _________Joe__________________ 

Progress: 

• Completed Process Flow Diagram 

• Project Plan: Evaluation of Wastewater characteristics 

 

New Task: 

• Cradle to Grave LCA for UV disinfection 

• Net Present Value calculations for UV 

• Expansion equipment costing: Digesters 
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Group Member 4 __________Kyle__________________ 

Progress: 

• Project Plan: Implementation Plan 

• Completed decision matrix 

 

New Task: 

• Cradle to Grave LCA for Chlorine disinfection 

• Tertiary treatment/Phosphorus extraction plan/justification 

• Expansion equipment costing: Pumps 

 

 

 

 

Next Meeting Date_______3/12/18_______, Time __10:30   , Place ___HARSH  Room 10__ 

Individual to contact any missing group members via email/phone – copy Dr. Ogden _Kyle__ 
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Meeting Minutes Form 

(These are for in person, phone, skype, etc. meetings) 

 

Date _______4/9/18___________________ Planned Meeting Start Time ____11:00 AM______ 

 

Name (Include mentors etc.)   Time Arrived    Time Left 

Brandon Velasquez                                               10:55                                                11:30 

Erica Vanover                                                       10:55                                                11:30 

Joe Schlosser                                                         10:55                                                11:30 

Kyle Christie                                                         10:55                                                11:30 

Erin Lansey (Mentor) 

Clayton Freed 

 

Provide a brief summary (2 to 4 sentences or bullets on Each Individuals Progress. Include what the 

individual is working on, what is expected by the next meeting) 

 

Group Member 1 __________Brandon______________ 

Progress: 

• Equipment calculations for aeration basin, UV, disk filters, trickling filter, aerated lagoon 

• Costing for pumps and other equipment 

 

New Task:  

• Final Report for Competition 

• LCA for costing equipment 

• Continue filling out decision matrix 

 

 

Group Member 2 __________Erica________________ 

Progress: 

• Equipment calculations for expansion/scale-up, example for digester, pump example 

• Costing for current struvite control and suggested AirPrex system 

 

New Task: 

• Final Report for Competition 

• LCA for costing equipment 

• Continue filling out decision matrix 

 

 

Group Member 3 _________Joe__________________ 

Progress: 

• Equipment calculations for primary sedimentation, chlorination, phosphorous extraction 

• Costing for UV and chlorine disinfection 

 

New Task: 

• Final Report for Competition 

• LCA for costing equipment 

• Continue filling out decision matrix 
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Group Member 4 __________Kyle__________________ 

Progress: 

• Equipment calculations for secondary sedimentation 

• Costing for primary and secondary clarifier, digester, trickling filter, aeration lagoon and 

basin, sludge dewatering centrifuge, sludge thickener, belt filter press 

 

New Task: 

• Final Report for Competition 

• LCA for costing equipment 

• Continue filling out decision matrix 

 

 

Next Meeting Date_______4/10/18_______, Time ______12:30______, Place ___HARSH 10__ 

Individual to contact any missing group members via email/phone – copy Dr. Ogden ___Erica____ 
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