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EXECUTIVE SUMMARY 
 
The Town of Warrenton’s existing wastewater treatment plant is rated and permitted for 2.5 million gallons per day 

(MGD) average daily flow (ADF). The plant has undergone several upgrades and expansions since its original 

construction in the 1950’s. In 2009 the plant was upgraded for nutrient reduction (nitrogen and phosphorus) as part of 

the Chesapeake Bay Restoration Program. In 2021 the plant’s trickling filter and Rotating Biological Contactors (RBCs) 

were replaced with a “Moving Bed Bio-Reactor” (MBBR) process. The MBBR is a newer and more efficient technology 

that combines the functions of the trickling filter and RBCs into one process tank. In addition, this new process can be 

expanded to handle additional flows and wastewater loads.  

 

As plant flows have gradually increased over the past decade, with monthly average flows sometimes approaching 80-

90% of the permitted capacity, the Town has recognized the need to assess the reliable treatment capacity of the 

existing facilities and, if the treatment capacity can be expanded, what upgrades would be required. In May 2017, WRA 

performed a capacity assessment to evaluate what would be required for the plant to expand to 3.0 MGD, with the 

Town anticipating the need for an additional 0.50 MGD (20% increase) capacity above the current rated 2.5 MGD 

capacity. In 2019, WRA performed a supplemental capacity assessment to expand beyond 3.0 MGD. The findings 

suggested that an expansion to 3.0 MGD would be the most practical and economically feasible to achieve. In February 

2020, WRA also prepared a separate Solids Handling Facility Evaluation Report addressing required upgrades to the 

solids handling processes. 

 

This Plant Upgrade and Expansion Preliminary Engineering Report (PER) serves to combine the previous Plant 

Capacity Evaluations with the Solids Handling Facility evaluations and updated plant information since the installation 

of the MBBR process (startup in early 2021) and provides the basis of design for the upgrade and expansion of the 

existing plant from 2.5 MGD to 3.0 MGD average daily flow (ADF). 

 

Current annual average plant flows are about 70-80% of the permitted capacity and when to expand the Town’s 

wastewater treatment capacity depends on the rate of growth in the service areas. For planning level purposes, it is 

assumed that the design for a plant expansion in a CIP program would be completed and ready for construction within 

the next 5 – 10 years. The capacity expansion would include several major items: New Headworks Facilities (Screen 

and Grit), New Primary and Secondary Clarifiers and associated pumping stations (to replace existing clarifiers), and 

new additional Primary Digester. The Town has had discussions with the VADEQ about incorporating plant expansion 

provisions in the next permit cycle. New discharge limitations associated with 3.0 MGD ADF would be included in the 

permit and conditional upon the full implementation of the plant expansion elements as recommended in this PER. 

 

“Near-term” improvements are also recommended and include needed plant upgrades and retrofits planned for the 

next 0 – 5 years to keep the plant reliably operating and extend the service life of treatment processes and equipment. 

These are considered part of the Town’s Capital Asset Replacement Program (CARP). From a fiscal planning aspect, 

short term (0 – 2 years) and intermediate term (2 – 5 years) improvement phases are considered with planning level 

construction costs for each phase at $1 - 1.5M and $5.5 - 6.0M, respectively. The plant expansion (CIP) construction 

budget cost is $12.5 – 13.0M, thus the total CARP+CIP is about $20M. Further details are presented in Section 7 

“Recommended Facility Plan”. 

 

A preliminary site facility layout for the plant expansion is included in Appendix J. 
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1 BACKGROUND 
 

The Town of Warrenton owns and operates an advanced wastewater treatment plant currently permitted for 2.5 million 

gallons per day (MGD). The original plant was constructed in the late 1950’s as a single stage 0.5 MGD trickling filter 

plant followed by an expansion to 1.0 MGD in 1978. A major plant upgrade and further expansion was completed in 

1990 to provide a total of 2.5 MGD treatment capacity and to meet effluent limits for Total Kjeldahl Nitrogen (TKN). A 

rotating biological contactor (RBC) process was added to expand and improve the biological treatment, including a 

new primary and secondary clarifier. New solids handling facilities were also constructed, including sludge thickening, 

anaerobic digestion and sludge dewatering. Later, in 1998 the plant was modified again to achieve compliance with 

effluent ammonia-nitrogen limits by upgrading the RBC units. In 2007, the plant’s gas chlorine disinfection system was 

replaced with a UV-disinfection system, followed by a facility upgrade to comply with nutrient reduction requirements 

for nitrogen and phosphorus through the Virginia Water Quality Improvement Fund as part of the Chesapeake Bay 

Restoration program. The plant operates under VPDES permit No. VA0021172, included in Appendix A. 

 

The plant has historically performed well and has consistently complied with its effluent permit limits for BOD5, TSS, 

ammonia and bacteria (e.coli). In addition, the plant has met nutrient removal requirements for total nitrogen and total 

phosphorus since the plant was upgraded to meet nutrient removal requirements in 2009. In 2021, the original single 

stage trickling filter and conventional rotating biological contactors (RBC), were replaced with a “Moving Bed Bio-

Reactor” (MBBR) process, a newer technology that combines BOD removal and nitrification into one process tank. 

Similar to the trickling filter/RBC, the MBBR is an attached growth process where the biofilm is attached to small plastic 

carriers suspended in the wastewater within the reactor tank by process air and/or mechanical mixing. The plastic 

carriers are retained in the tank by retaining screens while treated wastewater passes through to the secondary 

clarifiers. Since the startup of the MBBR process in early 2021, the performance (BOD and ammonia removal) has 

equaled or exceeded the old TF-RBC processes. 

 

Daily plant flows have slightly increased over the past decade and have averaged on an annual basis about 2.0 MGD 

in recent years. The plant has also experienced consecutive months with monthly average flows near 90% of the 

current permitted flow of 2.5 MGD. After discussions with staff and evaluations of current performance and potential 

capacity expansions, it was deemed reasonable that the current capacity could increase to 3.0 MGD. In February 2020, 

WRA also performed a separate Solids Handling Facility Evaluation Report that addressed required upgrades to the 

solids handling processes. This Plant Upgrade and Expansion Preliminary Engineering Report (PER) serves to 

combine the previous Plant Capacity Evaluations with the Solids Handling Facility Evaluations and updated plant 

information since the installation of the MBBR process and provides the basis of design for the upgrade and expansion 

of the existing plant to 3.0 MGD average daily flow (ADF).  
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2 EXISTING TREATMENT FACILITIES 
 

2.1 Existing Process Configuration  
 

The current plant process flow is illustrated below and described in the following. 

 

 
Existing Plant Process Flow Diagram 

 

Raw wastewater from the Town’s collection system enters the preliminary treatment works which include mechanical 

screening, aerated grit removal and influent flow metering (FM). Metered flow is conveyed via gravity to the primary 

clarifiers (PC). Primary Effluent is pumped (via the intermediate plant pumping station) to the Moving Bed Bio-Reactor 

(MBBR) process for BOD removal and to provide nitrification to comply with the plant’s effluent ammonia limits. MBBR 

effluent flows to the secondary clarifiers for suspended solids removal. A flash mixing/flocculation tank is provided 

upstream of the secondary clarifiers for addition of Metal salt (poly-aluminum chloride, PACL) for phosphorus removal 

and improved solids removal. 

 

Secondary fully nitrified effluent is conveyed to the denitrification (DN) pumping station and pumped to the tertiary 

denitrification (DN) filters for total nitrogen removal, and for additional phosphorus and solids removal. Spent backwash 

water from the denitrification filters is discharged to the intermediate plant pumping station. Denitrified filter effluent 

flows through the UV-disinfection reactors, followed by mechanical post aeration and effluent flow metering (FM) before 

final discharge to Great Run, a tributary to Rappahannock River. Non-potable plant reuse water is drawn after UV-

disinfection. 

 

The plant produces primary sludge, secondary sludge from the MBBR process and tertiary sludge from the DN filters.  

Sludge is also received from the Town’s water treatment plant as it is discharged through the sanitary sewer system. 

Settled primary and secondary sludges are withdrawn intermittently from the clarifiers and pumped to the gravity sludge 

thickener (GST). Underflow from the GST is pumped to a mesophilic anaerobic digester with a floating cover and gas 
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mixing integral with the cover (Pearth™). The digester temperature is maintained by sludge recirculation through a 

“tube-in-a-tube” heat exchanger. Digested sludge is pumped to a sludge holding tank with a flexible membrane cover 

for gas storage. Sludge is pumped from the sludge holding tank to a belt filter press for dewatering. Dewatered cake 

is stored on site in covered sludge storage bays and periodically hauled and disposed off-site through contract 

operations. Filtrate, which is high in ammonia, is retained in an adjacent holding tank and returned (equalized) at a low 

constant rate to the primary influent. 

 

The following Table 2.1 provides a summary of the plant’s existing unit processes. The existing site facilities are shown 

on the aerial and topo views in Appendix B. 
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Table 2.1: Summary of Existing Unit Processes  

Process Unit Qty. Unit Sizing 

LIQUID TREATMENT: 

Mechanically Cleaned 
Influent Screen 

1 ¼-inch screen; rated for 5.0 MGD peak flow 
By-pass channel w/ manual bar rack 

Grit Removal 2 Aerated Grit Chambers, each 3.5’ W x 25’ L x 5.5’ D (480 ft3) 

Influent Flow Meter 1 12-inch Parshall Flume; flow measuring capacity: 3’ D (14 MGD) 

Primary Clarifiers 2 
2 

No. 1 and 2: 26’ diameter x 10.5 SWD (530 ft2 each) 
No. 3 and 4: 34’ diameter x 10.5 SWD (900 ft2 each) 
Total surface area: 2,860 ft2; Total volume: 210,000 ft3 

Former Trickling Filter 1 125’ diameter x 5’ media depth. Tank depth 10’. 
Estimated useable storage volume: 900,000 gallons. 

Intermediate Plant Pumps 4 Each 1,800 gpm @ 55’ TDH; 40 HP w/VFD 

Former Rotating Biological 
Contactors (RBC) 

21 3 trains, 7 RBC units each. 26’W x 115’L x 5’D reactor 
Estimated usable storage volume: 300,000 gallons (RBCs removed)  

MBBR Process 2 2 trains, each train w/three (3) zones (BOD/Nitrification (2 zones)) 
Volume: 400,000 ft3 per train; 800,000 ft3 total (2 x 90’Lx40’Wx15’ SWD) 
Media: 800 m2/m3 (50% media fill ratio) 
Aeration Blowers: 3 units, each 2,200 scfm, 125 HP 

Flash Mixing 1 7.5 HP Mixer w/VFD 
Flash Mixing Tank Volume: 1,500 gallons 

Flocculation Tanks 2 0.5 HP Flocculators w/VFD 
Flocculation Tank Volume: 17,900 gallons, each 

Chemical Storage and Feed 2 
2 
1 
2 
1 
2 

Poly-aluminum Chloride Storage Tanks: 6,000 gallons each 
Poly-aluminum Chloride Feed Pumps: 25 gal/hr each 
Polymer Storage Tank: 900 gallons 
Polymer Feed Pumps: 20 gal/hr each 
Methanol Storage Tank: 11,800 gallons 
Methanol Feed Pumps: 25 gal/hr each 

Secondary Clarifiers 1 
1 

No. 1: 64’ diameter x 12’ SWD (3,215 ft2) 
No. 2: 50’ diameter x 12’ SWD (1,960 ft2) 
Total surface area: 5,175 ft2; Total volume: 440,000 ft3 

Denitrification Filter Pumps 4 2,200 gpm @ 29’ TDH; 30 HP w/VFD 

Denitrification Filters  4 Filter cells: 11.33’ W x 26.83’ L x 6’ media depth; filter area each 304 ft2 
(2) Backwash submersible pumps; 1,824 gpm @ 27’ TDH; 25 HP each 
(2) Low pressure air scour blowers; 1,520 scfm @ 11 psig; 125 HP each 

UV Disinfection 2 14” in-line UV reactors; medium pressure/high intensity; 5 MGD each 

Plant Reuse Water Pumps 2 370 gpm @160’ TDH; 20 HP (submersible) 

Post Aeration Tanks 2 Each Tank: 15’ L x 15’ W x 11’ D (total volume 37,000 gallons) 

Effluent Flow Metering 1 12-inch Parshall Flume; flow measuring capacity: 3’ D (14 MGD) 

SOLIDS HANDLING: 

Primary Sludge Pumps 2 50 gpm; 3 HP each 

Secondary Sludge Pumps 2 240 gpm; 7.5 HP each 

Gravity Thickener 1 28’ diameter x 12’ SWD (52,000 gallons); (615 ft2 surface area) 

Anaerobic Digester 1 Digester No. 1: 50’ dia.; 20’ SWD; 290,000 gallons (digestion) 

Digested Sludge Storage 1 Digester No. 2: 40’ dia., 20’ SWD; 185,000 gallons (sludge holding) 

Belt Filter Press 1 1-meter press 

Filtrate Buffer Tank 1 30,000 gallons filtrate holding/equalization tank 

Dewatered Sludge Storage 1 165’Lx55’W; 9,000 ft2 total area (covered); 8 bays (20’ wide) 
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2.2 Plant Influent Wastewater Loads 
 

The plant does not routinely sample and analyze influent wastewater. However, prior to preparing the July 2016 

Preliminary Engineering Report for the MBBR Installation a two-week sampling program was conducted in March 2016 

to characterize the influent and establish wastewater loads for preliminary design. Grab samples were collected just 

upstream of the influent flow meter (after screening and grit removal) three times a day, at the beginning of each shift, 

and then composited. The composite samples were analyzed for five-day biochemical oxygen demand (BOD5), total 

suspended solids (TSS), total Kjeldahl nitrogen (TKN), ammonia and total phosphorus (TP). Influent alkalinity (CaCO3) 

was also measured. In addition, side stream ammonia and TKN were measured from the belt filter press filtrate holding 

tank as the dewatering filtrate from anaerobically digested sludge typically has high ammonia concentration.  

 

The sampling was targeted during a period with minimum precipitation to obtain dry weather baseline wastewater 

characteristics. Concentrations for BOD5 ranged from 123 to 295 mg/L; TSS from 61 to 144 mg/L; TKN from 24 to 34 

mg/L; and the average alkalinity was 145 mg/L (CaCO3). These are all within the range of typical domestic wastewater. 

The average daily wastewater flows for the sampling period varied from 1.76 to 2.36 MGD. Table 2.2 shows the 

representative primary influent wastewater concentrations based on the sampling data for plant influent and side 

stream flow from the filtrate holding tank. The TKN and ammonia recycle loads from the dewatering process account 

for about 15% and 25%, respectively, of the plant influent. The sampling results are included in Appendix C. 

 

Table 2.2: Influent Wastewater Concentrations (mg/L) 

 BOD5 TSS TKN NH3-N TP Alkalinity 

Plant Influent 200 100 30 20 4.0 145 

BFP Filtrate*   333 294   

Primary Influent 200 100 35 25 5.0 145 
*Average side stream flow at 20 gallons per minute (gpm). 

 

Supplemental wastewater sampling was also conducted back in 2006 (during March) prior to the nutrient removal 

upgrade design. The recent 2016 sample data are similar to the wastewater characteristics obtained at that time. The 

2006 data is also included in Appendix C for reference. 

 

2.3 Plant Flows 
 

Plant flows are recorded via the influent flow meter. Figure 1 shows the historical daily average flows for 2013 - 2021, 

and the 30-day moving average flow. Figure 2 shows the recorded maximum (peak hour) flow for the same period. 

For wastewater loads and treatment capacity evaluations the maximum month flow factor is used, while the peak (hour) 

flow factor is used for review of plant hydraulics. Table 2.3 shows the annual average flow for the period, the 

corresponding maximum month (30-day) flow, maximum/average month factor, maximum total daily flow and factor. 

The total annual rainfall (inches) is also listed, showing higher annual plant flows during relatively wet years. 

 

The plant annual average flow for the period 2013-2021 was about 1.9 MGD. The maximum month peak factor to be 

used in the evaluations is 1.3 (30% above annual average flow) and the maximum daily flow factor is 2.2. The maximum 

(peak hour) flows recorded for the period is about 6 MGD corresponding to a peak flow factor of 3.0. These flow factors 

are representative of this size facility, system age and service area. 

 

Regarding the peak hour flows it is noted that the influent flow chart maxes out at 6 MGD and flows above this rate are 

not quantified on the charts. Peak flows capped at 6 MGD occur on average 3-5 times per year, typically associated 

with high rainfall intensity events. The plant has handled these peak flows without overflow incidents. It is suspected 
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that some flow attenuation/temporary backup may occur in the trickling filter (TF) as it is connected to the plant 

intermediate pumping station wet well, but due to the TF being covered this is difficult to verify. 

 

Table 2.3: Historical Plant Flows (MGD) and Rainfall 

 Annual 
Average 

Flow 

Maximum 
Month 
Flow 

MM/AA 
Factor 

Maximum 
Daily 
Flow 

MD/AA 
Factor 

Annual 
Total 

Rainfall 

2013 2.0 2.42 1.18 4.7 2.35 52” 

2014 2.0 2.60 1.30 5.9 2.95 48” 

2015 1.9 2.20 1.18 3.4 1.79 42” 

2016 1.7 2.65 1.26 3.8 2.24 37” 

2017 1.7 2.26 1.33 3.3 1.94 43” 

2018 2.2 2.77 1.26 4.7 2.14 70” 

2019 2.0 2.80 1.40 4.9 2.45 43” 

2020 1.9 2.53 1.33 4.1 2.16 51” 

2021* 1.8 2.33 1.29 3.7 2.06 - 

Average 1.9  1.28  2.23 48” 
*) Data through September 

 

It is also noted during extreme wet weather events the upstream collection system Cedar Run Pump Station surcharges 

into the adjacent holding lagoon for temporary storage. The lagoon is drained back to the pump station and pumped 

to the WWTP during lower flows. However, the Cedar Run pumping capacity is reportedly limited to about 1.5 MGD so 

its flow contribution during wet weather events is relatively low compared to the total peak flows to the plant. 

 

During high flow events when the flows are expected to exceed 6 MGD, plant operations staff occasionally records the 

maximum flow rate by measuring the depth of flow in the influent parshall flume and the tabulated flow rate 

corresponding to a 12-inch flume throat. To estimate the plant’s historical peak hour flows (beyond 6 MGD), the day-

time rain event on October 29, 2021, was evaluated in more detail. The flow chart is included in Appendix D. The chart 

shows between noon and 4 PM the influent flow exceeded 6 MGD. Based on parshall flume depth measurement 

around 2 PM, the flow peaked at about 10.3 MGD which corresponds to a peak flow factor of 5.7 (derived as 10.3 MGD 

divided by the annual average flow for 2021 at 1.8 MGD). The Cedar Run pump station daily records for October 2021 

are also included in the appendix and show a pumped flows rate of about 1.3 MGD for this event (10.29.21). It is also 

noted that the Cedar Run storage pond depth was about 2 feet, but otherwise empty during the month. 

 

Based on the flow chart information and the peak flow observed an influent flow hydrograph was approximated for the 

rain event on October 29, 2021, as shown on the graph below. A 3.0 MGD ADF “design hydrograph” was also 

simulated, based on the plant capacity expansion from 2.5 MGD to 3.0 MGD, by scaling up the 10.29.21 hydrograph 

with the following assumptions: The dry weather flow for the month of October 2021 was about 1.6 MGD with no 

significant daily precipitation except for a few days at the end of the month. The wet-to-dry weather peak flow factor 

associated with the additional future dry weather flow of 1.4 MGD, that would make up the 3.0 MGD ADF (1.6 MGD + 

1.4 MGD), is assumed to be capped at 3.0. As the Town is evaluating extending its sewer boundaries via pipe 

extensions, these connections, constructed with newer piping standards, should have much less infiltration and inflow 

(I/I). Also, the Town has made continuous efforts with I/I studies and evaluations on its collection system to identify 

deficiencies and address sub-areas subject to high inflow. Recent system repairs and improvements have shown a 

reduction in extraneous flows. 

 

In the 2009 Nutrient Reduction design, and for the recent MBBR design, the hydraulic design peak flow was selected 

at 9 MGD which corresponds to a peaking factor of 3.6 for the current permitted ADF capacity of 2.5 MGD, and a 

peaking factor of 3.0 for the expansion to 3.0 MGD ADF.  Thus, up to 9 MGD flow will be processed through the plant 
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processes while flows above 9 MGD will need to be managed through wet weather flow equalization. As shown on the 

projected “design hydrograph” a peak-hour flow rate could reach 15 MGD and an estimated flow equalization volume 

of 500,000 gallons would be needed to capture and store flows that exceed 9 MGD, and for a much longer duration 

than for the current peak flow conditions. The former trickling filter (TF) has a useable volume of 900,000 gallons (with 

the media removed) and would be suitable as an equalization tank. Excess peak flows would be diverted to the TF and 

stored before draining to the plant intermediate pumping station when the peak influent flows have subsided. Currently, 

all flows enter the existing primary clarifiers and then through the dosing tank for the former trickling filter to the 

intermediate plant pumping station wet well.  If the pumps cannot keep up with the incoming flow the wet well backs 

up into the trickling filter tank.  

 

 
Influent Flow Hydrographs and Estimated Equalization Storage Volume 
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2.4 Plant Effluent Performance 
 

Under the current effluent discharge permit (Appendix A) the plant is required to comply with monthly and weekly 

limits for concentration and wastewater loads for BOD5 and TSS, and with monthly and weekly concentration limits for 

ammonia-nitrogen. For nutrients, the permit requires a calendar year average effluent concentration of 4.0 mg/L, or 

less for total nitrogen (TN) and 0.3 mg/L or less for total phosphorus. There is a corresponding annual load allocation 

for TN (30,456 lbs) and TP (2,284 lbs) based on the permitted average daily flow of 2.5 MGD. Table 2.4 shows the 

discharge permit limits. 

 

Table 2.4: Current Plant Discharge Permit Limits (at 2.5 MGD ADF) 

Parameter Monthly  Average Weekly Average 

Flow = 2.5 MGD   

BOD5 10 mg/L (95 kg/d) 15 mg/L (140 kg/d) 

TSS 10 mg/L (95 kg/d) 15 mg/L (140 kg/d) 

Ammonia-N 1.4 mg/L 1.7 mg/L 

E.coli 126 MPN/100mL n/a 

 Calendar Year Average Annual Load Allocation 

Total Nitrogen 4.0 mg/L 30,456 lbs 

Total Phosphorus 0.3 mg/L 2,284 lbs 

 

The graphs on Figures 3A, 3B, 4A and 4B show the historical monthly and weekly effluent concentrations for BOD5 

and TSS for 2013-2021 which are well below the permit limits. For ammonia-nitrogen (Figures 5A and 5B), the monthly 

and weekly effluent concentrations are averaging less than 0.5 mg/L, with the exception of a period between October 

2013 and March 2014 during which the (former) trickling filter was offline for repairs for an extended time. During this 

time full BOD5 removal was shifted to the (former) RBC process resulting in reduced nitrification capacity and higher 

effluent ammonia levels. This resulted in effluent ammonia concentrations for November 2013 and January 2014 that 

exceeded the monthly and weekly limits. Once the trickling filter was brought online, the nitrification capacity was 

restored, and effluent ammonia concentrations improved. In late 2020 and early 2021, biological treatment was 

transitioned from the tricking filter/RBC process to the new MBBR process, and the trickling filter and RBCs were taken 

offline. The MBBR process has since provided for combined BOD removal and complete nitrification (ammonia 

removal). 

 

The plant provides bacterial inactivation through ultra-violet (UV) disinfection and is consistently well below the E.coli 

limits of 126 MPN/100 mL. 

 

Table 2.5 shows the calendar year average effluent concentrations for total nitrogen and total phosphorus for 2013-

2021, well below the permit requirements for nutrient discharge. Figures 6 and 7 shows the monthly concentrations.  

Table 2.5 also shows the nitrogen fractions (ammonia, nitrate and organic-N). 

 

In summary, the plant has consistently performed well and complied with the effluent permit limits for all parameters. 
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Table 2.5: Annual Average Plant Effluent for Nitrogen and Total Phosphorus (mg/L) 

 Annual 

Average 

Flow 

Total 

Nitrogen 

(TN) 

Total Kjeldahl 

Nitrogen 

(TKN) 

Nitrate 

Nitrogen 

(NO3) 

Ammonia 

Nitrogen 

(NH3) 

Organic 

Nitrogen 

(Org-N) 

Total 

Phosphorus 

(TP) 

2013 2.0 MGD 3.5 1.4 2.1 0.47 0.93 0.15 

2014 2.0 MGD 3.4 1.3 2.1 0.49 0.81 0.21 

2015 1.9 MGD 3.3 1.5 1.8 0.22 1.28 0.20 

2016 1.7 MGD 3.1 1.3 1.8 0.16 1.14 0.26 

2017 1.7 MGD 2.8 1.3 1.5 0.10 1.2 0.15 

2018 2.2 MGD 3.5 1.2 2.3 0.10 1.1 0.14 

2019 2.0 MGD 2.4 0.9 1.5 0.10 0.8 0.21 

2020 1.9 MGD 2.3 1.0 1.3 0.11 0.9 0.17 

2021 1.8 MGD 3.9 1.4 2.5 0.22 1.2 0.17 
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3 PLANT EXPANSION 
 

3.1 Flows and Wastewater Loads 
 

This section discusses the plant capacity expansion to an average design flow of 3.0 MGD and considers the average 

day, maximum month, and peak flow and wastewater loadings for the liquid treatment and solids handling process, 

where applicable. As previously discussed, the design maximum month (MM) flow is assumed 30% higher than the 

average month. The design peak (hour) hydraulic flow is selected as peak-to-average ratio of 3.0 based on the 

evaluation in Section 2.3.  Table 3.1 shows the design flows and wastewater characteristics used for the plant 

expansion evaluation. The wastewater concentrations are based on the previously analyzed influent sampling data 

and are assumed to be the same for all flows. 

 

Table 3.1: Flows and Influent Wastewater Concentrations for Plant Capacity Expansion. 

ADF 

(MGD) 

MM 

(MGD) 

Peak 

(MGD) 

Primary Influent (mg/L) 

BOD5 TSS TKN NH3-N TP Alkalinity 

3.0 3.9 (1.3) 9.0 (3.0) 200 100 35 25 5.0 145 

 

As discussed in Section 2.3 wet weather peak flow rates exceeding 9.0 MGD will need to be diverted to flow 

equalization tankage. 

 

 

3.2 Effluent Requirements for Plant Expansion 
 

The capacity expansion review considers the effluent limits in the plant’s current discharge permit and anticipated 

modifications in the permit requirements associated with an expansion. In discussions with VADEQ concentration limits 

for BOD5 and TSS will remain, and the current waste load allocations would increase correspondingly. For ammonia 

concentrations are expected to remain, however, as part of the next permit cycle the Freshwater Ammonia Criteria 

could require slightly more stringent concentration limits. For nutrients (nitrogen and phosphorus) the annual waste 

load allocation would remain, and the corresponding average concentrations would be lowered. 

 

Table 3.2 shows the anticipated effluent concentrations for BOD5, TSS, ammonia, total nitrogen and total phosphorus 

at the existing permitted capacity (2.5 MGD) and proposed expansion (3.0 MGD). 

 

Table 3.2: Effluent Limits at Current Capacity, and Requirements at 3.0 MGD ADF 

Parameter Monthly Average Weekly Average 

Average Design Flow  2.5 MGD 3.0 MGD 2.5 MGD 3.0 MGD 

BOD5 10 mg/L 10 mg/L 15 mg/L 15 mg/L 

TSS 10 mg/L 10 mg/L 15 mg/L 15 mg/L 

Ammonia-N 1.4 mg/L* 1.7 mg/L* 

E.coli 126 MPN/100 mL n/a 

 Calendar Year Average Annual Load Allocation 

Average Design Flow 2.5 MGD 3.0 MGD  

Total Nitrogen 4.0 mg/L 3.33 mg/L 30,456 lbs 

Total Phosphorus 0.3 mg/L 0.25 mg/L 2,284 lbs 

*  Values may be subject to future Freshwater Ammonia Criteria 
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There would be no change in the effluent requirements for BOD5 and TSS. Although slightly more stringent ammonia 

limits could be imposed due to the Freshwater Ammonia Criteria, they are still expected to be met with the recently 

installed MBBR process, which has demonstrated excellent ammonia removal performance since startup. 

 

Table 3.2 shows that the annual TN concentration equivalent would be 3.33 mg/L at 3.0 MGD ADF. Total nitrogen is 

the sum of TKN (ammonia + organic nitrogen) and nitrate/nitrite. To meet the effluent TN requirement, each of these 

parameters (ammonia, organic-N and nitrate) need to be targeted at 1 mg/L or less based. As noted previously, 

ammonia in the plants effluent has consistently been at levels of 0.2 mg/L or less, and the organic nitrogen about 1.0 

mg/L, which is considered mostly non-biodegradable (refractory). The effluent nitrate has been about 2 mg/L. For 

compliance at 3 MGD, the effluent nitrate concentration will need to be trimmed. Per discussions with plant operations, 

the nitrate levels are controlled based on economical methanol dosing while still targeting an overall effluent TN level 

below 4 mg/L. Based on the plant’s experience nitrate can be further reduced through a slight increase in methanol 

dose (without impacting effluent BOD).  

 

Total phosphorus is removed primarily through chemical addition and precipitation in the secondary clarifiers. Additional 

polishing occurs in the denitrification filters. With continued chemical addition, denitrification/filtration and low effluent 

suspended solids the plant should be able to meet the annual average TP limits (Table 3.2) for the plant expansion. 

 

The following Sections 4 and 5 evaluate the liquid and solids treatment units and the anticipated upgrades required for 

the plant expansion to 3.0 MGD ADF. While the plant expansion planning horizon is longer term, 5-10 years out, the 

Sections also discuss needed near-term improvements to replace or upgrade aging equipment and extend the service 

life and treatment reliability of the existing facilities. From a planning level aspect, the “near-term” improvements include 

items that are short term, 0-2 years, and items that are intermediate term, 2-5 years. The time schedule covers the 

initial planning, design and construction award phases, but not the actual construction completion time. A summary 

table is presented in Section 7 showing anticipated upgrades and expansion phasing for various process unit, as well 

as fiscal planning level budgets. 
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4 LIQUID TREATMENT FACILITIES 
 

4.1 Preliminary Treatment (Headworks) 
 

Influent wastewater to the facility flows through a mechanically cleaned bar screen (1/4” bar spacings) that is rated for 

a peak flow of 5 MGD. Flows above the 5 MGD rating is directed through a parallel channel with a manually cleaned 

bar rack. Both the mechanical screen and manual bar rack are located outdoors.  

 

While the existing facilities could handle the overall estimated re-rated peak flow (9.0 MGD), during high flow events 

nearly half of the peak flow event (4 MGD) would have to bypass the 5 MGD rated screen and instead flow through 

the manually cleaned bar rack. This could be a maintenance problem for the MBBR process as rags and floatable 

material may build up and clog the MBBR screens. 

 

Grit is settled in two parallel aerated grit channels. Grit is removed with chain and buckets and conveyed to outdoor 

grit bins. 

 

 
Influent Screen (foreground) and Grit Collectors (background) 

 
Grit Channel with Chain and Bucket 

 

Given the aging equipment, and winter-time freezing issues and odor concerns with an outdoor installation, the Town 

is considering a new headworks building and new screen and grit removal facility. The new facility would be designed 

for an expanded 3.0 MGD ADF headworks, or with provisions to expand at a later time. The screening and grit removal 

processes would be sized to handle the future peak-hour flow of 15 MGD (based on the previous “design hydrograph”). 

The new headworks would be constructed adjacent to the existing facility. A conceptual layout is shown in Appendix 

E. consisting of two screen channels with mechanically cleaned bar screens (1.4-inch spacings) and overflow/bypass 

channel, and downstream vortex type grit removal with a grit classifier and dewatering unit. Equipment would be 

housed in a new building (the grit tank itself would be outdoors). The new facility will meet the SCAT regulations for 

treatment redundancy. 
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The existing 12-inch Parshall flume has adequate flow measuring capacity for average and peak flows up to 14 MGD. 

No modifications or replacement of the Parshall Flume are anticipated; however, influent flow metering may be re-

configured when a new headworks facility is designed. While the Parshall Flume can measure the required peak flows, 

the existing flow chart is only capable of measuring and recording flows up to 6 MGD. The Town may consider 

upgrading or replacing the chart recorder at some point before the plant expansion.  

 

4.2 Primary Clarifiers 
 
Existing primary clarification includes two (2) 26-ft diameter units and two (2) 34-diameter units. Primary No. 4 was 

added in the 1990 plant upgrade. Tankage and piping are from the original construction, but the clarifier mechanisms 

have been replaced over the years, most recently for PC No. 2 (26-ft diameter). 

 

 
Primary Clarifiers (with sludge pumping station) and former Trickling Filter (covered) 

 

A key design criterion for primary clarifier sizing is the hydraulic surface overflow rate (SOR). Conventional design 

guidelines (Manual of Practice No. 8) and SCAT regulations recommend the SOR not exceeding 1,000 gpd/ft2 at 

average design flow and 2,500 gpd/ft2 for peak flow, and the hydraulic retention time (HRT) should be minimum 2 hours 

at average design flow. Table 4.1 summarizes the SOR for the existing units at the current flows, at the plant permitted 

capacity (2.5 MGD) and at the plant expansion (3.0 MGD). While the SOR values for the existing units are within the 

design range up to the permitted capacity, the design values are exceeded for the plant expansion flows. For the future 

plant expansion, it is recommended that the existing units be replaced with two (2) new 60-ft diameter units to provide 

adequate capacity. 

 

Flow distribution and a new primary sludge pumping station would also be constructed with the new clarifiers. Siting of 

these facilities would be in the open area adjacent to the former trickling filter, near the plant entrance. At that time the 

existing primary clarifiers could be re-purposed as sludge blending/ holding tanks. Primary clarifier No. 4 may need to 

be demolished to accommodate the new clarifiers. Typical clarifier information sheets are included in Appendix F. 
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Wet weather flows in excess in excess of 9 MGD would be diverted before the new primary clarifiers to the former 

trickling filter, stored and drained back to the intermediate pumping station during low flows. It is noted that the excess 

flow stored in the trickling filter that did not receive primary treatment would be pumped directly to the MBBR process. 

Preferably, all flows should receive primary treatment upstream of the MBBR process; however, a partial flow bypass 

around the primary clarifiers should be acceptable as long as a new Headworks facility is constructed and provided 

with mechanically cleaned bar screens (with no greater than ¼-inch bar spacings) that are sized for screenings removal 

at the maximum flows to the plant, including the grit removal unit, to protect the downstream MBBR process. 

 

Table 4.1: Primary Clarifier Design Criteria, Current Permit (2.5 MGD) and Plant Expansion (3.0 MGD) 

 Annual 

Average 

Flow 

Maximum 

Month 

Flow 

Peak Flow Average Flow 

w/One Unit out 

of Service 

Surface Overflow Rate (SOR) Design Criteria:     

  Design Range (gpd/ft2) 800 – 1000 800 – 1000 2,000 – 3,000 800 – 1,000 

  SCAT Regulations (gpd/ft2) < 1,000  < 2,500 < 1,000 

Existing PCs at current Plant Flows 1.9 MGD 2.5 MGD 11.5 MGD1 1.9 MGD 

  No of Ex. Units in Service 4 4 4 3 

  Total clarifier surface area (ft2) 2,860 2,860 2,860 1,960 

  Surface Overflow Rate (SOR) (gpd/ft2) 664 874 4,021 969 

Existing PCs at Permitted Flow (2.5 MGD) 2.5 MGD 3.25 MGD 9.0 MGD2 2.5 MGD 

  No of Ex. Units in Service 4 4 4 3 

  Total clarifier surface area (ft2) 2,860 2,860 2,860 1,960 

  Surface Overflow Rate (SOR) (gpd/ft2) 874 1,136 3,147 1,276 

Existing PCs at Plant Expansion (3.0 MGD) 3.0 MGD 3.9 MGD 9.0 MGD2 3.0 MGD 

  No of Ex. Units in Service 4 4 4 3 

  Total clarifier surface area (ft2) 2,860 2,860 2,860 1,960 

  Surface Overflow Rate (SOR) (gpd/ft2) 1,049 1,364 3,147 1,531 

New PCs at Plant Expansion (3.0 MGD) 3.0 MGD 3.9 MGD 9.0 MGD2 3.0 MGD 

  No of new Units in Service 2 2 2 1 

  Clarifier Diameter (ft) 60 60 60 60 

  Total clarifier surface area (ft2) 5,652 5,652 5,652 2,826 

  Surface Overflow Rate (SOR) (gpd/ft2) 531 690 1,592 1,062 

Existing SCs at Plant Expansion (3.0 MGD)3 3.0 MGD 3.9 MGD 9.0 MGD2 3.0 MGD 

  No of Ex. Units in Service 2 2 2 1 

  Ex. Clarifier Diameters (ft) 50’ & 64’ 50’ & 64’ 50’ & 64’ 50’ 

  Total clarifier surface area (ft2) 5,175 5,175 5,175 1,960 

  Surface Overflow Rate (SOR) (gpd/ft2) 580 754 1,739 1,531 
1Actual observed peak-hour flows to the plant 
2Flows in excess of 9 MGD would be diverted to the wet weather equalization tank (former TF) 
3Alternatively converting the existing secondary clarifiers to primary clarifiers for the plant expansion 

 

Section 4.6 discusses the need for new secondary clarifiers at the plant expansion to 3.0 MGD, to be installed in the 

area of the former RBCs. As such, an alternative to providing new primary clarifiers would be to convert the two existing 

secondary clarifiers, a 50 ft diameter unit and a 64 ft diameter unit. The bottom entry in Table 4.1 shows that the 

existing secondary units have nearly the same total surface area as two new 60 ft diameter units and that the SOR 

values are within the acceptable design range. Assuming that the new secondary clarifiers are constructed first, 

subsequently converting the existing secondary clarifiers would save construction costs compared to new primary 

clarifier construction and would also preserve open areas within the plant. The existing secondary sludge pumping 
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station would be renovated and if feasible the underflow sludge piping could be connected directly to the pumps, 

eliminating the telescoping valves and sight wells. 

 

4.3 (Former) Trickling Filter 
 

After the new MBBR process was placed in service in early 2021, the trickling filter and RBCs were taken offline. 

Occasionally, during high flow events the intermediate pumping station wet well backs up the primary effluent into the 

trickling filter which serves as flow attenuation and excess flow storage. The former trickling filter concrete tank has a 

useable storage volume of about 900,000 gallons that can be used for wet weather flows. As indicated in Section 2.3, 

the projected peak influent flow hydrograph at the expanded plant capacity would require 500,000 gallons storage to 

hold and equalize influent flows in excess of 9 MGD. In the near-term it is recommended that the existing plastic media 

be removed and continue to use the tank for high flow management. The trickling filter cover should remain in-place.   

 

4.4 Intermediate Plant Pumping Station 
 
The intermediate pumping station pumps primary clarifier effluent to the MBBR process via a new 20-inch force main 

extension from the existing RBCs. The four (4) submersible pumps were recently upgraded to larger units (1,800 gpm 

or 2.5 MGD each). With the new MBBR process, the peak pumping capacity is estimated at about 8 MGD with three 

of the four pumps operating, and about 10 MGD with all units in service.  

 

SCAT regulations require that pumping stations with three or more pumping units shall be designed to meet the 

maximum sewage flow, or 2.5 times the average flow, whichever is greater, with one unit out of service. Since the 

design peak flow of 9.0 MGD (at 3.0 MGD ADF) is greater than the capacity with any one unit out of service, SCAT 

requirements dictate that an additional pumping unit may be required. However, there is limited room to install an 

additional pump and plant operations suspect a reduced pumping capacity in part due to the short section of a small 

diameter (12”) force main leaving the station. The line transitions to 16-inch diameter outside the station and runs up 

to the RBCs and ties to a new 20-inch extension to the MBBR process. In the near-term, a sizing upgrade to the 

discharge force main is recommended to improve the pumping capacity. Given the age of this facility, a complete 

station renovation or replacement is recommended for a plant expansion. The existing submersible pumps may also 

be replaced with vertical solids handling (VSH) pumps. See VSH pump information in Appendix G. 

 

4.5 Moving Bed Bio-Reactor (MBBR) Process 
 

The MBBR process was recently installed and replaced the trickling filter and RBCs. The MBBR process receives 

primary effluent and provides for BOD removal and ammonia removal (nitrification). It consists of two (2) parallel reactor 

trains each with three (3) zones separated by partition walls with media retaining screens.  The first zone is aerated for 

BOD removal; the second and third zones are also aerated and provide full nitrification. Aeration is supplied by two (2) 

variable speed-controlled blowers located in the adjacent Blower and Control Building. A third blower is provided as 

standby. Process air supply and air valve position for each zone is controlled through dissolved oxygen (DO) setpoint. 

In-situ ammonia analyzers are installed in the third zone also provide the option for ammonia-based aeration. Fully 

nitrified effluent from MBBR process is conveyed to the secondary clarifiers for solids removal and subsequently to the 

tertiary denitrification filters for nitrogen removal. The third zone is equipped with a top-mounted mixer and the air flow 

can be turned off to allow for de-oxygenation while keeping the media in suspension with the mixer, or to provide anoxic 

conditions for partial (post)-denitrification. Currently, the third zone does not have provisions for external carbon 

addition. 

 



 
Town of Warrenton, Virginia │ WWTP  Page 19 
Upgrade and Expansion PER March 2022 

  

 

 
 
 
N:\18667-000\Reports\0_Plant Upgrade & Expansion PER\Warrenton WWTP - Upgrade & Exp PER March 2022.docx 

 

 
MBBR Process - Reactor Trains 1 and 2 

 
MBBR Aeration Blowers 

 

 

The MBBR system was placed in service in early 2021 with average plant flows at about 2.0 MGD or 80% of the current 

permitted design flow and the system has performed very well since startup. The influent ammonia concentrations 

have been consistent with the MBBR design criteria, and effluent ammonia levels after the second zone (first stage 

nitrification zone) average below 0.5 mg/l. This would suggest a robust nitrification reserve capacity in the last zone for 

additional flow and loadings. The MBBR tank volume was designed for a media fill ratio of 50% based on media with 

a specific surface area of nominally 800 m2/m3. For the plant expansion to 3.0 MGD it was envisioned that additional 

media would be added, up to 60% fill ratio (20% media increase), if needed, to accommodate future flow and 

wastewater loading without the need to build more tankage. The aeration blowers were also sized for an expanded 

capacity; therefore, no other improvements are needed for the MBBR process for expansion 3.0 MGD. As flows and 

loads increase in the future the need for adding more media can be evaluated based on treatment performance.   

 

4.6 Secondary Clarifiers 
 

MBBR effluent is conveyed to the flash mixing/flocculation tanks where metal salt (poly-aluminum chloride, “PACl”) is 

added for chemical phosphorus removal in the secondary clarifiers. The existing chemical storage tank volume (6,000 

gallons) is sufficient for the plant expansion to 3.0 MGD but the tank is old and needs secondary containment. A new 

tank with containment area is recommended as a near-term improvement. 

 

The two existing secondary clarifiers include one 64 feet diameter unit and one 50 feet diameter unit, each with 12-ft 

sidewater depth, and with a total surface area of 5,175 ft2. The clarifier depth is within the recommended range. The 

SCAT regulations indicate that the surface overflow rate (SOR) should not exceed 500 gpd/ft2 and 1,200 gpd/ft2 at 

average and peak flows, respectively, for clarifiers following an attached growth biological process. Also, the SCAT 

regulations indicate that for conventional clarifiers used with chemical clarification, the design SOR shall not exceed 

600 gpd/ft2. The estimated solids loading rates (SLR) based on typical MBBR effluent (100-150 mg/l TSS) are well 

below the SCAT criteria for attached growth processes (SCAT criteria: 0.6-1.0 lbs/ft2/hr at average design; 1.6 lbs/ft2/hr 

at peak loading). Table 4.2 summarizes the SOR for the existing units at the current flows, at the plant permitted 

capacity (2.5 MGD) and at the plant expansion (3.0 MGD). While the SOR values for the existing units are within the 

design range up to the permitted capacity, the design values are exceeded for the plant expansion flows. For the future 
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plant expansion, it is recommended that the existing units be replaced with two (2) new 75 ft diameter units to provide 

adequate capacity. 

 

 
Secondary Clarifier 

 

Table 4.2: Secondary Clarifier Design Criteria, Current Permit (2.5 MGD) and Plant Expansion (3.0 MGD) 

 Annual 

Average 

Flow 

Maximum 

Month 

Flow 

Peak Flow1 Average Flow 

w/One Unit out 

of Service 

Surface Overflow Rate (SOR) Design Criteria:     

  Design Range (gpd/ft2) 400 – 600 < 600 1,000 – 1,200 400 – 600 

  SCAT Regulations (gpd/ft2) < 500  < 1,200 < 500 

Existing SCs at current Plant Flows 1.9 MGD 2.5 MGD 9.0 MGD 1.9 MGD 

  No of Ex. Units in Service 2 2 2 1 

  Total clarifier surface area (ft2) 5,175 5,175 5,175 1,960 

  Surface Overflow Rate (SOR) (gpd/ft2) 367 483 1,739 969 

Existing SCs at Permitted Flow (2.5 MGD) 2.5 MGD 3.25 MGD 9.0 MGD 2.5 MGD 

  No of Ex. Units in Service 2 2 2 1 

  Total clarifier surface area (ft2) 5,175 5,175 5,175 1,960 

  Surface Overflow Rate (SOR) (gpd/ft2) 483 628 1,739 1,276 

Existing SCs at Plant Expansion (3.0 MGD) 3.0 MGD 3.9 MGD 9.0 MGD 3.0 MGD 

  No of Ex. Units in Service 2 2 2 1 

  Total clarifier surface area (ft2) 5,175 5,175 5,175 1,960 

  Surface Overflow Rate (SOR) (gpd/ft2) 580 754 1,739 1,531 

New SCs at Plant Expansion (3.0 MGD) 3.0 MGD 3.9 MGD 9.0 MGD 3.0 MGD 

  No of new Units in Service 2 2 2 1 

  Clarifier Diameter (ft) 75 75 75 75 

  Total clarifier surface area (ft2) 8,831 8,831 8,831 4,416 

  Surface Overflow Rate (SOR) (gpd/ft2)  340   442   1,019   679  
1Flows in excess of 9 MGD would be diverted to the equalization tank (former TF) 
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Flow distribution with mixing/flocculation and a new secondary sludge pumping station would also be constructed with 

the new clarifiers. Siting of these facilities would be in the area of the former RBCs, adjacent to the MBBR tanks. Rather 

than circular clarifiers, rectangular units with chain and scrapers would offer a better fit within the footprint of the former 

RBCs. They would each be about 110 ft long by 40 ft wide with similar surface area to the 75 ft diameter units.  The 

existing clarifiers may be converted to flow equalization before the DN filters or removed to make room for a new 

headworks facility, or if the DN filter facility was to be expanded in the future. Rectangular clarifier information sheets 

are included Appendix H. 

 

4.7 Denitrification Filter (DNF) Pumping Station 
 

The DNF pumping station was constructed as part of the 2009 Nutrient Removal Upgrade. It pumps secondary nitrified 

effluent to the tertiary denitrification filters. The pumping station is designed for a peak flow of 9.6 MGD (with three 

pumps online and one pump standby). The station also has (emergency) overflow provision to allow flows to by-pass 

the DNF facility and be conveyed via gravity to UV-disinfection. At the expansion to 3.0 MGD ADF, the design peak 

flow (9.0 MGD) is within the station safe pumping capacity and no upgrades to the pumping station are anticipated.  

 

4.8 Tertiary Denitrification Filters 
 

Nitrates in the secondary clarifier effluent (from the MBBR process) are denitrified in the tertiary denitrification filters, 

installed in the 2009 Nutrient Removal Upgrade, to provide total nitrogen removal and effluent phosphorus polishing. 

External carbon (methanol) is added to the process. The facility includes four deep-bed (4) filters, each 11.5ft W x 26ft 

L with 6 feet media depth. Each filter area is nominally 300 ft2, or 1,200 ft2 total with all filters online. A clearwell holding 

tank provides filtered effluent for filter backwashing. The clearwell houses two (2) submersible backwash pumps. A 

mudwell tank stores spent backwash water that is drained back to the intermediate plant pumping station. Air scour 

blowers for filter backwashing and the main filter control panel are housed in the adjacent Blower/Control Building. 

 

The existing DN filters were specified to treat up to 3.0 MGD average flow, a maximum month flow of 3.9 MGD, and a 

peak hourly flow of 9.0 MGD. 

 

 
DN Filter Pump Station (left) and DN Filter Facility 

 
DN Filter Cell 

 
Methanol Storage 

 

The average nitrate concentration to the DN filters is about 18 mg/L. At the plant expansion to 3.0 MGD ADF the 

hydraulic filter loading and volumetric (empty bed) nitrate loading would be about 1.8 gpm/ft2 and up to 60 lbs-

nitrate/1,000 ft3/day, which are within conventional deep bed DN filter design criteria. During maximum month 

conditions where the filter loading is higher, the denitrification performance (and TN removal) may be slightly lower. 

However, there is no monthly permit limit for total nitrogen, and it would not affect the ability to meet the annual nitrogen 
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mass load limit. The filter peak hydraulic loading (at 9 MGD) would be about 5 gpm/ft2 which is also acceptable. Thus, 

the filter capacity is adequate, and no additional filters or other upgrades are required for expansion to 3.0 MGD ADF.  

 

The methanol facility includes a nominal 12,000-gallon steel storage tank in a covered containment area and redundant 

methanol feed pumps. No improvements are anticipated. 

 

4.9 Effluent Disinfection 
 

Prior to the 2009 Nutrient Removal Upgrade the gas chlorination/dechlorination facilities were replaced with an ultra-

violet (UV) disinfection system. The system includes two parallel 14-inch in-line medium pressure/high intensity UV 

Reactors located in a below-grade vault. Each reactor is rated for 5 MGD. There is provision to add a future third unit 

which will require a new below-grade vault and connection to existing piping. Recently, the Town upgraded the UV 

electrical and control system. 

 

At current conditions, one UV Reactor is operating at average flows and the second reactor is turned on at higher flows. 

Daily grab samples are analyzed for E.coli and as long as the lamps are kept clean and replaced periodically (typically 

after 7,000-8,000 hours of operation), the average values are generally less than 10 MPN/100 mL, well below the 

permit limit of 126 MPN/100 mL (geometric mean).   The SCAT regulations require that if no more than two UV banks 

are provided, each UV bank shall be capable of disinfecting the maximum daily flow (not peak-hour flow). Based on 

plant records for 2013 - 2021, the average ratio of maximum daily-to-average flow is about 1.6. Thus, at 3.0 MGD ADF, 

the maximum daily flow is projected at 4.8 MGD, less than 5 MGD. Therefore, unless otherwise required by VADEQ, 

the need for an additional UV unit is not anticipated for the plant expansion. 

 

 
UV-disinfection In-line Reactors 

 

The current two-reactor configuration has a hydraulic capacity greater than 10 MGD (with both reactors online). An 

increase in the hydraulic gradient, due to additional head-loss across the UV reactors at higher flows, will be sufficiently 

contained within the DN filter effluent clear-well. 
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4.10 Post Aeration 
 

The existing post aeration tanks are provided with mechanical surface aerators to meet the permit requirements for 

dissolved oxygen in the final effluent. No improvements are anticipated for the plant expansion to 3.0 MGD, however, 

given the age of the mechanical mixers, near-term upgrades/motor replacement may be required. 

 

 
Post Aeration Tank and Surface Aerator 

 

The existing 12-inch effluent Parshall flume, downstream of the post-aeration tank can adequately measure maximum 

flows up to 14 MGD. Thus, no modifications are required for the expansion to 3.0 MGD.  
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5 SOLIDS HANDLING FACILITIES  
 

A separate solids handling upgrade and expansion evaluation report was completed in February 2020 and included in 

Appendix K. This Section 5 summarizes the solids handling facilities and recommended upgrades, near-term and for 

the plant expansion to 3.0 MGD, based on the 2020 report and more recent discussions with the Town. 

 

The existing solids handling flow schematic is shown below. The plant produces primary sludge, secondary sludge 

from the MBBR process and tertiary sludge from the DN filters. Metal salt (poly-aluminum chloride, PACL) is added to 

the secondary clarifiers for improved solids and chemical phosphorus removal. Sludge is also received from the Town’s 

water treatment plant as it is discharged through the sanitary sewer system. 

 

Settled primary and secondary sludges are withdrawn intermittently from the clarifiers through telescoping valves into 

separate sludge sight wells. Primary sludge is withdrawn between 8:00 AM and 12:00 AM (16 hours over two shifts). 

The primary sludge sight well (3,000 gallons) is filled 4-5 times during this period and pumped to the gravity sludge 

thickener (GST). Secondary sludge is withdrawn and pumped to the GST for 15 minutes each hour, 24/7. The pumping 

rate is about 50 gallons per minute. The total daily sludge flow (primary + secondary) to the GST is about 30,000 – 

35,000 gallons. The mixed solids content average about 1.0-1.5%, and the estimated daily dry solids feed to the GST 

is about 3,700 lbs. 

 

Underflow from the GST is pumped intermittently (15 minutes each hour) to a mesophilic anaerobic digester with a 

floating cover. The digester temperature is maintained by sludge recirculation through a “tube-in-a-tube” heat 

exchanger. Digester mixing is done with a Pearth™ gas mixing system integral with the floating cover. Digested sludge 

is pumped intermittently to a sludge holding tank with a flexible membrane cover for gas storage. Sludge is pumped 

from the sludge holding tank to a belt filter press for dewatering, operating 7-10 hours per day, 5 days per week. 

Dewatered cake drops into a dump truck below the dewatering building and is unloaded and stored on site on a covered 

sludge storage pad. Stored sludge is hauled and disposed off-site through contract operations. Dewatering filtrate is 

stored and equalized in a buffer tank, and then metered into the primary influent. 

   

 
Existing Solids Handling Process Schematic 

 

Key design information for the solids handling process tankage and equipment is summarized in Table 5.1. 

Primary and 
Secondary 
Sludge 
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Table 5.1:  Existing Solids Handling Facilities and Equipment 

Equipment 
Year 
Installed 

Design Parameter Value 

Primary Sludge Wet Well 1989 Volume 3,000 gallons 

Primary Sludge Pumps 1989 Flowrate 50 gpm (piston pumps) 

Secondary Sludge Wet Well 1989 Volume 3,000 gallons 

Secondary Sludge Pumps 1989 Flowrate 50 gpm (piston pumps) 

Gravity Sludge Thickener 1989 Diameter  28 ft 

  Side Water Depth 12 ft 

Anaerobic Digester 1989 Diameter 50 ft 

 
 Side Water Depth, Maximum 

Straight 
20 ft 

  Maximum Operating Volume 293,000 gallons 

  Working Volume, 85% 250,000 gallons 

  Cover Floating 

  Mixing Pearth™ Gas Mixing 

 
 Boiler Envirex  

560,000 BTU/hr 

 
 Heat Exchanger Tube in Tube with hot 

water recirculation 
42.21 sq ft HEX area 

 

 Recirculation Pumps (2) WEMCO 
Model 3  
Size 4 X 3 
Recessed Impeller 
Centrifugal 
150 gpm @ 34 ft head 

 

 Sludge Transfer Pumps - 6 Total: 
Transfer from GST underflow to 
Digester (2); Transfer from 
Digester to Sludge Storage (2); 
Transfer from Sludge Storage to 
Belt Filter Press (2) 

ITT Marlow 
Model BE82W 
Plunger Pump 
240 gpm @ 45 ft head 

 

 Waste Gas Flare Open style with manual 
ignition 
Mounted at grade 
6-inch diameter 

Sludge / Gas Holding Tank 1970 Diameter 40 ft 

  Side Water Depth 20 ft 

  Volume 185,000 gallons 

 2010 Cover Flexible Gas Holding 

Belt Filter Press 2012 Belt Width 1 meter 

 
 Hydraulic Capacity, current 

operation 
30-35 gpm 

Filtrate Buffer Tank 2000 Volume 30,000 gallons 

Dewatered Sludge Storage 
(covered) 

1970 Length, Width 
Area 

165 ft, 55 ft (8 bays) 
9,330 sq ft 
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The estimated sludge production at the current permitted capacity of 2.5 MGD and for the expansion to 3.0 MGD is 

shown in Table 5.2 as a flow proportional increase from the existing conditions. 

 

Table 5.2: Projected Solids Loadings 

Parameter 
Annual Average Daily Influent Flow (MGD) 

Current (1.9) 2.5 3.0 

Total dry solids (lbs/day) 3,700 4,9001 5,9001 

Volumetric flow (gallons per day)2 45,000 59,000 70,500 
1 Proportional to plant flows at current solids estimates at annual average flow (1.9 MGD) 
2 Using annual average 1% combined total dry solids in the sludge feed 

 

5.1 Sludge Pumping 
 

Both the primary and secondary sludge pumping stations use piston (plunger) pumps to convey sludge from the sight 

wells to the GST influent. The pumps are maintenance intensive, and the Town has refurbished the pumps several 

times since the original installation in 1989 and is considering replacements in the near-term. 

 

 
Sludge Pumps (primary and secondary sludge) 

 

For the plant expansion to 3.0 MGD the sludge pump stations would be replaced with the new primary and secondary 

clarifier sludge pump stations as discussed in Section 4. The pumps and suction piping would be connected directly to 

the clarifier underflow piping in lieu of telescoping valves and sight wells. The pumps would be rotary lobe or 

progressing cavity type and located in the new pump station basement(s). 

 

5.2 Gravity Thickening 
 

Primary and secondary sludges are pumped (independently) to the gravity sludge thickener (GST). The GST is 

provided with a cover for odor control. As indicated in the 2020 Solids Handling Facilities report, the projected sludge 

flow and solids loading at the current permitted 2.5 MGD and expansion to 3.0 MGD capacity are within the typical 

design values for the existing GST and additional GST tanks would not be needed. However, the plant has recently 

experienced difficulty in settling the sludge in the GST resulting in diluted sludge to the digester and causing excessive 

carry-over solids in the GST overflow. This reduces the solids capture and results in increased levels of in-plant solids 
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recycle. This in turn has caused poor settling in the primary clarifiers and thus exacerbating the problem. The plant has 

started to add polymer to primary clarifiers and the GST influent and is considering also adding metal salt (PACl). 

 

 
GST w/Cover 

 
GST Interior 

 

There is significant buildup of floatable debris which blinds the overflow weirs and traps solids. On a quarterly basis 

the cover is removed, and the debris is cleaned out (contract operation). Improving the influent screening could alleviate 

some of this and sludge screening (both primary and secondary sludges) is another option. The sludge screen would 

be housed in an adjacent building and tie into the GST sludge feed line. 

 

Due to the age and the plant’s operating experience, the GST needs a complete refurbishment including replacement 

of the sludge collection mechanism and pickets, center access bridge, cover, and concrete repairs, where needed. The 

Town has recently issued a construction contract to perform this work and should be completed in 2023. 

 

5.3 Anaerobic Digestion  
 

Thickened sludge is digested and stabilized in existing Anaerobic Digester No.1. Digester No. 2 is used for digested 

sludge holding, with no mixing or heating provided, prior to sludge dewatering (two-stage digestion). The plant’s permit 

requires adequate capacity (volume, heating and mixing) to meet the Class B sludge stabilization requirements per 

EPA Part 503, i.e. solids retention time (SRT) of 15 days and volatile solids reduction of 38% or greater. At the projected 

sludge quantities for the current 2.5 MGD plant capacity the SRT Anaerobic Digester No. 1 is estimated at about 13-

15 days, and at the expansion to 3.0 MGD, the SRT is estimated at about 10 days. To increase the digester SRT, there 

are two options: 

 

• Reduce the sludge flow rate (volume) by increasing the thickened sludge underflow % solids 

• Provide additional digester volume. 

 

The 2020 Solids Handling Facilities report evaluated the options: 1) replacing the existing GST with mechanical 

thickening facilities to increase the thickened sludge underflow % solids or 2) adding a second primary digester (similar 

in size to the existing digester).  The evaluation found that the cost of a new digester with control building, would be 

comparable to building new mechanical sludge thickening facilities that would require thickening equipment, power 

and control building, sludge pumps, chemical feed and sludge holding tankage (since mechanical thickening is typically 

not operated 24/7 like the GST). It was also considered to modify Digester No. 2 to become a primary digester; 
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however, this would leave the plant without sludge holding/storage prior to sludge dewatering and new tankage would 

need to be constructed. 

 

 
Primary Digester No. 1 

 
Digested Sludge Holding and Gas Storage 

 

To provide adequate operational flexibility and to meet sludge stabilization requirements, a second, new, primary 

digester is recommended for the plant expansion to 3 MGD.  A new electrical service and standby power will be required 

for the second digester facility. As the plant flows gradually near the 2.5 MGD permitted capacity the planning and 

design of the new digester facility should be initiated such that a new primary digester is constructed and operational 

in the anticipation of further increase in average plant flows. 

 

Given the age and condition of the existing digester, it is recommended that the existing digester plug valves, heat 

exchanger, sludge pumps (feed, recirculation and transfer) and electrical motor control center (MCC) be replaced in 

the near-term to improve operability of the existing equipment and extend the service life. It is also anticipated that the 

membrane cover for the digested sludge holding tank will need replacement (installed in 2010) in the next 5-10 years. 

 

5.4 Sludge Dewatering  
 

The existing 1-meter sludge dewatering belt filter press (BFP) is relatively new (Installed in 2012). Dewatering operation 

is on weekdays during normal shift hours, typically 50 hours/week (10 hours/day, 5 days/week), processing about 

12,600 gallons per day with a sludge feed rate of 30 gpm to the BFP. The average dry solids cake is about 13-14%. 

Dewatered sludge is transferred to the adjacent covered storage. 

 

 
Belt Filter Press (sludge dewatering) 

 
Dewatered Cake Transfer to On-Site Storage 
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Based on the projected sludge quantities at the expansion to 3.0 MGD an increase in BFP operating time is expected. 

As the flows near 2.5 MGD the operating time will require two full shifts (16 hours) and at the expansion to 3.0 MGD, 

weekend operation may also be required. It is recommended a new higher capacity BFP, 1.5 meter or 2-meter size, 

be considered in the long-term planning, to increase the throughput and reduce the dewatering hours. It should be 

feasible to fit at least a 1.5-meter BFP in the existing dewatering room. Another option is to consider alternate 

dewatering equipment such a conventional centrifuge or a screw press. Both machines can achieve higher cake solids 

(20% or higher) which would reduce hauling and disposal costs and eliminate the need for additional cake storage 

area.  

 

The dewatering filtrate, which is high in ammonia, is stored and equalized in a 30,000-gallon tank and returned to the 

primary influent at a controlled rate to equalize the nitrogen (ammonia) recycle load to the plant. The existing 

holding/equalization tank is adequate. 

 

5.5 Dewatered Sludge Storage 
 

Dewatered sludge/biosolids is stored on-site and periodically hauled out for off-site land application through third party 

contract operations. As reviewed in the 2020 Solids Handling Facilities report, the existing sludge storage area footprint 

will need to increase for additional sludge storage at 2.5 MGD, and expansion to 3.0 MGD. It is recommended to 

expand the existing slab by 10-15 feet to the west (into the hill on the side of the digesters) and construct a concrete 

retaining/push wall (to replace the existing wooden barrier). In addition, the existing clear roof height is inadequate for 

full access and operation of a wheel loader to move the sludge. A new pre-engineered metal building (PEMB) frame is 

recommended to replace the roof over the existing and proposed expansion area. These modifications could be near-

term depending on the contract hauling frequency or considered long-term improvements. 

 

 
Biosolids Storage (back-end view)   
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5.6   Future Biosolids Management and Disposal   
 

The current anaerobic digestion process at Warrenton WWTP is permitted as an EPA 503 “Process to Significantly 

Reduce Pathogens” (PSRP) that produces Class B biosolids for land application, with the requirement that the sludge 

in the anaerobic digester is held for at least 15 days (pathogen reduction) and achieving at least 38% volatile solids 

reduction (vector attraction reduction). 

 

State biosolids regulations are likely to become more stringent in the future. There may be more reporting requirements, 

a higher quality of biosolids required for land application, reductions in land application rates, and restrictions on land 

available for application.  With potentially more stringent biosolids disposal regulations in the future, the flexibility to 

produce Class A biosolids should be considered. Class A biosolids will have fewer restrictions on where they can be 

land applied. Allowable disposal areas include publicly accessible and residential lands. 

 

To achieve Class A quality, the biosolids must undergo one of the EPA 503 approved treatment Processes to Further 

Reduce Pathogen (PFRP) levels. While there are advanced digestion and pre-treatment alternatives that can achieve 

Class A, one of the common methods involves heat drying the (anaerobically digested) dewatered cake to greater than 

90% dry solids. Heat drying will also reduce on-site storage requirements and transportation costs.  Even though 

significant energy (from natural or digester gas) will be required, an evaluation including cost savings in disposal, i.e., 

through beneficial reuse compared to landfilling, could show benefits in Class A heat drying.  

 

The higher the percent solids in the dewatered cake, the less heat energy that must be used to dry the cake. In fact, 

the capital and higher operating costs of new dewatering equipment can potentially be fully offset by subsequent fuel 

savings in the heat drying operation. Therefore, it is common to dewater sludge using centrifuges (or screw press) to 

increase the dewatered sludge solids. The centrifuge (or screw press) would replace the existing belt filter press in a 

future scenario. 

 

There are several sludge dryers available, generally categorized into a direct and indirect type. A paddle-type dryer, is 

an indirect dryer that would be appropriate for Warrenton WWTP. A heat transfer oil would be heated in a natural gas 

fired boiler, and the hot oil would be circulated through the hollow paddle mixer elements. The paddles rotate to mix 

the sludge, improving heat transfer characteristics, and to transport the sludge through the dryer. Dried biosolids would 

be conveyed to and stored on-site under cover before off-site hauling. 

 

The dryer would be housed in a building adjacent to 

the dewatering process. Part of the existing sludge 

storage facility could be removed to make room for 

the heat drying facility since less storage area would 

be required for the dried cake. A heat drying facility 

could be implemented through a turn-key project 

where a third-party entity would design, build and 

operate the facility for a given contract period, 

typically 20 years. The plant would still operate the 

anaerobic digester(s) with the flexibility to produce 

both Class B and Class A biosolids. 
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6 PLANT HYDRAULICS 
 

The existing plant was designed with a maximum hydraulic capacity of 5 MGD (based on the 1990 upgrade), although 

the plant has historically experienced higher flows and conveyed through the plant without overflows. As part of the 

UV-Disinfection upgrade in 2006 and Nutrient Removal upgrade in 2009 some of the previous hydraulic restrictions in 

the plant were eliminated, and as discussed herein, it is recommended that the former trickling filter be used for high 

flow management to limit the peak flows through the plant to 9 MGD, after the influent headworks. This corresponds 

to a peak flow factor of 3.0 through the plant (from primary treatment onwards to post aeration) associated with the 

plant expansion to 3.0 MGD ADF. The DN Filter and Pumping Station, as well as the recent MBBR process, were 

hydraulically designed for 9 MGD.  

 

Refer to Appendix I for a preliminary Hydraulic Profile for the plant.  
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7 RECOMMENDED FACILITY PLAN 
 
Based on the foregoing evaluations of the existing plant treatment facilities and anticipated plant flow increase the 
recommended implementation of the plant upgrades and expansion fall into three phasing categories as summarized 
below. 
 
“Near-term” improvements include needed upgrades and retrofits planned for the next 0 – 5 years to keep the plant 
reliably operating and the extend service life of treatment processes and equipment. These are considered part of the 
Town’s Capital Asset Replacement Program (CARP). From a fiscal planning aspect, short term (0 – 2 years) and 
intermediate term (2 – 5 years) improvement phases are considered. The plant expansion horizon is longer term, 5 – 
10 years out, as flows gradually approach the current permitted average design flow of 2.5 MGD and the need to 
expand treatment processes become necessary. Plant expansion is under the Town’s Capital Improvements Program 
(CIP) and is envisioned to increase the permitted capacity by 0.5 MGD, to 3.0 MGD. The Town has had discussions 
with the VADEQ about including the plant expansion provision in the next permit cycle. New discharge limitations 
associated with 3.0 MGD ADF would be included in the permit and conditional upon the full implementation of the plant 
expansion elements as recommended in this Preliminary Engineering Report. The timeline indicated for each phase 
reflects the initial planning, design and bid documents to advertise for construction, but not the actual construction 
completion time. 
 
Pending future conditions, plant flows, budget planning and improvement needs, certain facility upgrades and 
expansion elements shown below could be accelerated or deferred to another phase. 
 
 
Phase I CARP Upgrades (0 – 2 years) – Estimated Planning Level Costs: $1.0 – 1.5M 
 
Primary Clarifiers 

• Replacement of sludge collection mechanism and motor drives (for three of four PC units) 
 
Secondary Clarifiers 

• Replacement of sludge collection mechanism and motor drives (for both SC units) 

• Flash Mixing / Flocculation Tank (valve replacement; piping size upgrade; hydraulic bottleneck) 
 
UV-Disinfection 

• Electrical system and controls upgrade (construction contract has been procured and work is upcoming) 
 
Post Aeration Tank 

• Misc. Surface aerator motor replacement 
 
Gravity Sludge Thickener (GST) 

• All equipment replacement and interior concrete repairs (construction contract is pending approval) 
 
Phase II CARP Upgrades (2 – 5 years) – Estimated Planning Level Costs: $5.5 – 6.0M 
 
New Headworks Facility (CIP) 

• Replace existing facilities with new screening and grit removal with expanded treatment capacity 
 
Plant Pumping Station 

• Pump upgrades and electrical/controls improvements 
 
Chemical Storage Tanks 

• Replace polymer-aluminum chloride (PACl) tanks and provide secondary containment 
 
Sludge Pumps 

• Upgrade primary and secondary sludge pumps and electrical/controls 
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New Sludge Screen 

• Optional: Install new primary/secondary sludge screen before the GST 
 
Primary Digester Upgrade 

• Various upgrades/renovations: 
o Digester cover 
o Sludge Pumps 
o Digester Mixing 
o Heat Exchanger 
o Misc. Valve replacements 
o Electrical upgrades (MCC) 

 
Digested Sludge Storage 

• Piping modifications and gas storage membrane cover replacement 
 
Dewatered Sludge Storage 

• Expand storage area 
 
Phase III CIP Plant Expansion (5 – 10 years) – Estimated Planning Level Costs: $12.5 – 13.0M 
 
New Primary Clarifiers 

• Clarifiers, flow distribution, sludge pump station 

• Conversion of one existing PC to sludge blending and holding 
 
New Secondary Clarifiers 

• Clarifiers, flow distribution, sludge pump station 
 
Plant Hydraulics 

• Misc. piping size upgrades associated with plant capacity expansion 
 
New Primary Digester No. 2 

• Digester tank, cover, mixing, heating, pumps, electrical and controls 

• New electrical service and standby power 
 
Sludge Dewatering 

• New larger size belt filter press, or replacement with new dewatering screw press 
 
The following Table 7.1 provides a planning level cost breakdown of the improvements/expansion items for the liquid 
treatment and solids handling processes with the phasing (1, 2 or 3), CARP and CIP indicated. It should be noted that 
annual costs for routine equipment maintenance and spare parts replacement are not included. The second Table 7.2 
shows the anticipated planning level fiscal phasing of improvements over the next five (5) years to 2027. Again, as 
future conditions may change the scheduling of the CARP or CIP expenditures can adjust. 
 
Facility Site Plan: Appendix J shows the proposed facility site layout for the plant expansion with the new facilities 
including headworks (screen and grit removal), primary clarifiers, secondary clarifiers and additional primary digester. 
The headworks facility would be constructed adjacent to the existing influent screen and grit channels, keeping those 
in service while the new headworks is being built. The two new secondary clarifiers would be located in the area of the 
former RBCs, in a rectangular configuration with common wall to save footprint. The additional primary digester would 
be constructed into the hill behind the sludge storage and near the digested sludge holding tank. There are two options 
for the new primary clarifiers: Layout “A” in the open area adjacent to the former trickling filter (to be converted to high 
flow management and flow equalization); or Layout “B” where the existing secondary clarifiers are converted to primary 
clarifiers as discussed in Section 4. This would save construction costs and preserve the land area between the plant 
entrance and the trickling filter. However, it requires that the new secondary clarifiers be built first. 
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Table 7.1: Upgrade and Expansion Phasing and Planning Level Costs

Item Phase CARP CIP Est. Cost
1

Notes

Liquid Treatment $10,175,000

New Headworks Building (screen & grit) 2 X $1,800,000 Replace existing facilities

Ex Primary Clarifier Upgrades 1 X $200,000 Sludge collection equip/CF drives

New Primary Clarifiers & Sludge PS 3 X $3,500,000

Ex. Plant Pumping Station Upgrade 2 X $250,000 Pump upgrade, electrical/controls

Ex. MBBR
2

$0 No Improvements
2

Ex. Secondary Clarifier & Flocc Tank Upgr. 1 X $250,000 Sludge collection equip/CF drives

New Secondary Clarifiers & Sludge PS 3 X $3,500,000 Incl. RBC Demo

Ex. DN Filter Pumping Station
2

$0 No Improvements
2

Ex. DN Filters
2

$0 No Improvements
2

Ex. UV-Disinfection 1 X $300,000 System Controls Upgrade (ongoing)

Ex. Post-Aeration Tanks Upgrade 1 X $25,000 Minor

Ex. Plant NPW Pumps
2

$0 No Improvements
2

Chemical Storage Tanks Upgrade 2 X $200,000 New PACL Tanks & Containment

Misc Plant Hydraulics / Piping Upgrade 3 X $150,000 Piping size upgrades

Solids Handling $9,150,000

Ex. Primary Sludge Pumps Upgrade 2 X $150,000 Pump upgrade, electrical/controls

Ex. Secondary Sludge Pumps Upgrade 2 X $150,000 Pump upgrade, electrical/controls

Gravity Sludge Thickener (GST) Upgrade 1 X $350,000 Construction contract pending

New Sludge Screen w/Enclosure 2 X $300,000 Optional (pending GST + Headworks)

Ex. Primary Digester Upgrade 2 X $2,000,000 Various upgrades/renovation

 - Digester cover

 - Sludge pumps  - currently under replacement

 - Digester mixing

 - Heat exchanger

 - Misc valves and other

 - Electrical Upgrade

Ex. Digested Sludge Storage Upgrade 2 X $350,000 Piping Mods/ Membrane Cover Repl.

New Digester No. 2 3 X $5,000,000 Incl new Elec Standby Power

Sludge Dewatering Expansion 3 X $500,000 New 2 meter BFP, or Screw Press

Expand Dewatered Sludge Storage 2 X $350,000

Future Class A Biosolids Heat Dryer
3

3 X $0 Future planning (beyond Phase 3)

Total Construction Costs $19,325,000

Phase 1: Short Term (0-2 years) $1,125,000

Phase 2: Intermediate Term (2-5 years) $5,250,000

Phase 3: Long Term (5-10 years) $12,650,000

CARP: Capital Asset Replacement Program $4,375,000

CIP: Capital Improvements Program (plant expansion to 3.0 MGD) $14,650,000

1) 2021 dollars (construction costs)
2) No CARP or CIP anticipated; only O&M costs
3) Estimated cost in order of magnitude: $10M (dryer equipment, building, dewatering upgrade)
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FIGURE 1
Daily Plant Influent Flows 2013 - 2021

Daily Plant Flow 2013 - 2021

30-Day Moving Avg
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FIGURE 2
Peak Daily Plant Flows 2013 - 2021

Peak Daily Plant Flow 2013 - 2021
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FIGURE 3A
Effluent BOD5 Monthly Conc. 2013 - 2021
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FIGURE 3B
Effluent BOD5 Weekly Conc. 2013 - 2021

BOD Weekly Conc. 2013 - 20121
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FIGURE 4A
Effluent TSS Monthly Conc. 2013 - 2021
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FIGURE 4B
Effluent TSS Weekly Conc. 2013 - 2021

TSS Weekly Conc. 2013 - 2021
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FIGURE 5A
Effluent Ammonia-N Monthly Conc. 2013 - 2021

NH3 Monthly Avg Conc. 2013 - 2021
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FIGURE 5B
Effluent Ammonia-N Weekly Conc. 2013 - 2021
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Effluent TN Monthly Conc. 2013 - 2021

TN Monthly Avg Conc. 2013 - 2021

Trickling Filter offline



0.00

0.10

0.20

0.30

0.40

0.50

Jan-13 May-14 Sep-15 Feb-17 Jun-18 Nov-19 Mar-21 Aug-22

TP
 (

m
g/

L)

FIGURE 7
Effluent TP Monthly Avg Conc. 2013 - 2021

TP Monthly Avg Conc. 2013 - 2021



  
 

 

 

  
 
 

Appendices 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  
  

Town of Warrenton │ WWTP   

Upgrade and Expansion PER March 2022 

  

 

 
 
 
 

Appendix A 
 

Plant NPDES Discharge Permit 
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Appendix B 
 

Existing Site Plan (aerial and topo) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

TOWN OF WARRENTON WWTP UPGRADE AND EXPANSION 
   EXISTING SITE PLAN 
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Appendix C 
 

Wastewater Sampling Data (2016 and 2006 data) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



WARRENTON WWTP - WASTEWATER SAMPLING DATA (MARCH 2016)

Plant Influent
Flow Flow WW Alkalinity

Date Rainfall Avg Max Temp BOD5 TSS Ammonia TKN TP CaCO3

(inches) (MGD) (MGD) (C) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
2/29/2016 0 2.36 3.8 14.6 123 61 15 24 3.1 140

3/1/2016 0 2.23 3.6 13.1 134 66
3/2/2016 0 2.14 2.9 14.2 295 137 17 24 2.2
3/3/2016 0 2.17 3.2 13.3 191 105
3/4/2016 0 2.10 2.9 13.4 125 45 21 29 3.2 152
3/5/2016 0 1.98 3.7 13.6 256 71
3/6/2016 0 2.02 3.8 14.0 217 71 20 27 3.4
3/7/2016 0 2.08 3.6 14.8 190 86
3/8/2016 0 2.00 3.6 15.1 184 130 24 31 4.0 142
3/9/2016 0 1.94 3.5 15.6 181 62

3/10/2016 0 1.94 3.7 17.1 250 144 21 34 4.4
3/11/2016 0 1.81 3.3 17.1 158 81
3/12/2016 0 1.80 3.2 16.5 204 89 15 31 4.1 144
3/13/2016 0.4 1.76 3.5 15.4 191 86

Average 2.02 3.5 14.8 193 88 19 29 3.5 145

BFP Filtrate Holding Tank (ammonia sidestream) Primary Influent (influent + filtrate)

Date BOD5 TSS Ammonia TKN Ammonia TKN
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

2/29/2016 25 33 287 307
3/4/2016 36 44 276 298 23.2 33.3
3/8/2016 49 823 336 412

3/12/2016 32 67 276 316
Average 36 242 294 333

Avg side stream flow (gpm): 20



WARRENTON WWTP - WASTEWATER SAMPLING DATA (MARCH 2016)

Influent ammonia sampling (plant lab analysis)

Plant Lab*) Flow Flow ESS Lab **)
NH3-N Avg Max NH3-N

Date (mg/L) (MGD) (MGD) (mg/L)
2/22/2016 18.3 2.32 3.5
2/23/2016 18.2 2.51 3.6
2/24/2016 13.0 3.21 6.0
2/25/2016 11.0 3.32 4.2
2/26/2016 11.1 2.90 3.3
2/27/2016 13.1 2.44 3.5
2/28/2016 11.0 2.36 3.8
2/29/2016 18.4 2.36 3.8 15

3/1/2016 17.6 2.23 3.6
3/2/2016 19.6 2.14 2.9 17
3/3/2016 18.6 2.17 3.2
3/4/2016 20.3 2.10 2.9 21
3/5/2016 23.4 1.98 3.7
3/6/2016 18.2 2.02 3.8 20
3/7/2016 18.6 2.08 3.6
3/8/2016 17.2 2.00 3.6 24
3/9/2016 23.5 1.94 3.5

3/10/2016 24.7 1.94 3.7 21
3/11/2016 27.4 1.81 3.3
3/12/2016 15.7 1.80 3.2 15
3/13/2016 14.0 1.76 3.5

High flow period

*) Grab samples. Analysis completed daily at 5 PM.
**) Composite sample based on three (3) daily grab samples



Town of Warrenton WWTP
Influent Wastewater Sampling Plan – 2016

BOD5 TSS TKN NH3 TP Alka3 pH BOD5 TSS TKN NH3

Day        
Date

1 X X X X X X X X X X X
2 X X
3 X X X X
4 X X
5 X X X X X X X X X X X
6 X X
7 X X X X
8 X X
9 X X X X X X X X X X X

10 X X
11 X X X X
12 X X
13 X X X X X X X X X X X
14 X X

Total 
Samples

14 14 7 4 7 43 4 4 4 4 4

2.      Holding Tank Sampling: One manual grab sample (no composite needed) when the tank is in draining mode.
3.      Alkalinity measurements can be performed in-house at the WWTP lab.

Plant Influent1 BFP Filtrate Tank
Ammonia Sidestream2

Notes:
1.      Influent Sampling: One composite sample for analysis, based on three (3) discrete manual grab samples collected at 8AM, 4PM and 
10PM. Influent samples shall be collected after the screen and grit removal, but before the influent flow meter (i.e. upstream of the 
location where the RBC recycle flows enters).



Warrenton WWTP - Supplemental WW Sampling/Characterization (March 2006)

Date March 2006 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Units Average

Centrate TKN 215 206 183 173 174 156 145 202 197 183 181 193 187 192 mg/L 185
Centrate NH3-N 180 160 120 120 110 130 120 110 110 120 110 100 100 120 mg/L 122
Centrate BOD LE LE LE LE LE LE LE LE LE 22 7 4 6 7 mg/L 9

Primary Influent TKN 25 29.2 29.8 30.9 25.3 28.1 29 30.3 28.7 30.5 32.7 40 28.2 30.5 mg/L 30
Primary Influent TP 5.44 5.47 6.11 7.8 5.53 6.11 7.15 7.28 6.25 6.12 7.63 6.46 6.73 6.73 mg/L 6.5
Primary Influent BOD 182 157 92 LE 200 50 250 99 105 117 172 155 159 168 mg/L 147

Primary Effluent TKN 23.7 24.5 25.3 22.8 23.6 24.2 24.7 25 25.3 25.4 24 27.4 24 24.8 mg/L 25
Primary Effluent NH3-N 19 18 18 17 17 18 16 15 16 17 15 15 16 18 mg/L 17
Primary Effluent cBOD 111 126 91 116 117 113 119 117 106 121 119 119 81 101 mg/L 111
Primary Effluent sBOD 34 48 40 46 44 49 46 67 48 44 34 52 45 60 mg/L 47
Primary Effluent TSS 95 69 79 93 79 100 95 89 82 92 88 87 89 80 mg/L 87
Primary Effluent ALK 142 128 114 142 174 180 268 130 190 200 140 136 160 160 mg/L 162

Trickling Filter Effluent TKN 11.5 12.5 11.1 11.4 12.1 12.4 12.6 14.6 13.8 13.8 12.7 12.4 18 13.3 mg/L 13.0
Trickling Filter Effluent NH3-N 8.6 8.8 8.3 7 6.7 8 7.3 7.5 8 7.8 6.8 6.5 7.1 8 mg/L 7.6
Trickling Filter Effluent cBOD 15 15 11 24 36 16 23 47 17 19 19 17 13 13 mg/L 20
Trickling Filter Effluent sBOD 4 6 3 < 3 3 < 4 5 18 < 3 < 3 < 4 < 4 < 4 < 4 mg/L 6.5

RBC Influent NH3-N 10 10 10 8.8 7.6 8.9 9.2 8.6 8.8 8.6 7.6 7.8 7.1 8.2 mg/L 8.7
RBC Influent cBOD 24 23 7 25 19 20 25 36 11 21 22 19 11 15 mg/L 20
RBC Influent sBOD 4 < 3 3 < 3 < 3 < 4 < 3 10 < 3 < 3 < 4 < 4 < 4 < 4 mg/L 5.7

RBC Effluent TKN 5 5.96 5.73 6.74 6.46 5.34 6.18 8.15 5.62 8.17 7.05 6.77 7.05 7.31 mg/L 6.5
RBC Effluent NH3-N 0.17 0.16 0.16 0.17 0.15 0.12 0.16 0.15 0.2 0.21 0.14 0.11 0.11 0.1 mg/L 0.2
RBC Effluent TP 4.5 4.95 5.18 4.57 4.88 4.82 5.14 4.95 5.36 5.58 5.38 5.36 4.9 5.1 mg/L 5.0
RBC Effluent Nitrate-N 0.67 15.8 15.9 14.1 0.67 12.7 14.8 15.4 15.4 16.7 15.8 13.9 13.8 16.7 mg/L 13.0

LE Lab Error
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Appendix D 
 

Flow Chart – October 29, 2021 
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Appendix E 
 

Headworks Facility – Concept Plan 
Influent Screen 

Washer-Compactor 
Vortex Grit Removal 
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DUPERON® CONTROLS
 

Duperon offers economical standard control packages as well as PLC, 

enhanced VFD with differential level controls and completely custom 

packages, to suit your needs. Please contact us for available options. 

DUPERON® ENCLOSURES

For added convenience and cleanliness, Duperon® enclosures are built 

to site specifications. Each is available in rugged 304 or 316 stainless 

steel. Front access panels with options available for SSTL or 

polycarbonate materials. Rear has lift-off hinged doors with viewing 

windows.  Units without enclosures are optional dependent on site, and 

should be discussed with Duperon Corporation. 

DUPERON® AUGER CONVEYOR

The Duperon® Auger Conveyor is flexible (can bend up to 30º) and 

scalable to site constraints, with modular components that make 

assembly – and additions – simple. Constructed of abrasion-resistant 

UHMW and built to uphold the Duperon® tradition of tough durability; 

powered by the energy-efficient Sumitomo Hyponic drive. A multitude of 

accessories are available, such as splicing kits, legs, standard 

mounting holes, and more.

DUPERON® WASHER COMPACTOR

Continuing the tradition of simple, efficient, effective products... 

Exclusive patent-pending positive displacement technology adapts 

to variations in influent debris. Unique dual-auger design eliminates 

the need for additional agitation. Flood washing saturates 

screenings, eliminating clogging issues inherent in fine spray 

nozzles. Resulting compacted debris is light grey in color, with 

volume reduction of up to 82%. 

The Duperon  FlexRake® ®

ENGINEERED FOR DURABLE, RELIABLE OPERATION

The achievement of mechanical simplicity requires the design of one part doing more. The simplicity of the Duperon® 

FlexRake® is possible through the multi-functioning action of one part: the FlexLink™. This innovative design allows the link to 

function as a frame, lower sprocket, and connection point for scrapers, and be driven by a single sprocket. The rugged bar 

screen has a frame which guides the chain and relocates it in the screen. Bottom line: simplicity works when it achieves a 

simple cleaning mechanism with trouble-free longevity. 

The design of the Duperon® FlexRake® solves many of the headaches associated with liquids/solids separation equipment: 

complex gear mechanisms and controls; high maintenance components subject to regular lubrication, wear or fouling; 

confined space entries; reversal of mass in systems that must travel in one direction and then auto-reverse; carryover; 

shutdown due to unexpected debris volumes or conditions; inability to remove accumulation at the bottom of the channel… 

The FlexLinkTM  

articulates to a 90 

degree angle, closing 

on the drive pin. Once 

closed, the sprocket 

drives the link system 

forward.

As it leaves the drive 

sprocket, the FlexLinkTM 

locks into a solid bar, 

forming its own frame. 

(It works similarly to a 

knee or elbow.)

As the FlexLinkTM 

chain and attached 

scrapers reach the 

bottom of the screen, 

the FlexLinkTM forms 

its own rotating

framework.

How the Duperon® FlexRake® works...

Once the links turn to 

travel slowly up the 

screen, they are 

engineered to allow 

clearance around the 

pin and water 

lubrication, allowing 

stainless on stainless 

movement without 

gouging or wear. 

Industry-exclusive 

Thru-Bar™ technology 

features scrapers 

designed to clean 3 

sides of the bar, as 

well as horizontal 

cross members.

Multiple scrapers 

placed every 21 

inches continuously 

rake the bar screen. 

With screen head- 

loss minimized, 

some sites report a 

3x greater capture 

rate than with their 

previous machines. 
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4.

2.

5.
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Duperon® simplicity of 

design solves many 

headaches associated 

with preliminary 

liquids/solids 

separation

1.      A powerful drive head

2.      A durable raking device

3.      A rugged bar screen

Only three basic components:

DUPERON®



KEEPS YOU IN CONTROL

Start it up… let it run. In their simplest form, controls are designed for 

continuous operation. Duperon offers pre-engineered packages that range 

from basic (continuous operation) to complex (level control with complete 

SCADA integration). 

REDUCES HEADLOSS, 

IMPROVES CAPTURE

Multiple scrapers on the screen operating at a speed of 0.5 rpm discharge 

debris once per minute. The slow operating speed provides long product 

life. Multiple scrapers minimize debris accumulation, resulting in reduced 

headloss and slot velocity, as well as greater capture rates. 

UNHAMPERED BY LARGE DEBRIS
 

As the Duperon® FlexRake® flexes and pivots around large debris, rigid 

side fabrications are angled to guide the scrapers to return engagement. 

This simple method for positive location, along with the scraper’s lateral 

containment by that same rigid frame, ensures the continuous engagement 

of each successive scraper. 

ELIMINATES FOULING POINTS

The Duperon® FlexLink™ system is an innovative solution to complex gear 

sprocket mechanisms - simple 90 degree articulation drives the unit. No tight 

clearances to bind or jam; no close tolerances to foul due to corrosion or wear. 

DEBRIS ACCUMULATION ELIMINATED

The Duperon® FlexRake® wastewater product line offers industry-exclusive 

Thru-Bar™ Technology with a scraper designed to clean 3 sides of the bar – as 

well as cross support members – so debris simply cannot accumulate. 

Assembly/disassembly is simple… just 4 bolts, from the deck. This Duperon® 

technology leaves nothing to chance. 

• ENERGY EFFICIENT

• LONG PRODUCT LIFE

DUPERON® FLEXRAKE® FPFS, FINE SCREEN 

MODEL 1/4, 3/8, 1/2 INCH BAR OPENINGS

The smaller the slot opening, the more critical it becomes to keep 

the bar screen open. The Duperon® FlexRake® FPFS combines the 

rugged reliability of the Duperon® FlexRake® FP with fine screen 

openings. Utilizing staging scrapers that clean the face of the bar 

screen and stainless steel teeth that fully penetrate the bar, the 

Duperon® FlexRake® FPFS offers precision technology with the 

ability to adapt to large debris. Duperon has eliminated the need 

for pre-screening… the powerful combination of stainless steel 

and UHMW scrapers allows for the best in redundancy and 

unit performance.

THE BEST SCREENING EFFICIENCY

IN THE MARKET

The Duperon® FlexRake® FPFS utilizes custom tear-shaped bars 

with a 50% screening efficiency for .25 inch bar openings, resulting 

in more favorable flow characteristics and less headloss. The unique 

teardrop shape keeps large debris on the surface of the screen for 

removal by scrapers. Small debris flows right through, and Thru-Bar™ 

scrapers assure that no debris can accumulate, even on horizontal 

cross members. 

EXCLUSIVE ABILITY TO CLEAN

THE BOTTOM OF THE CHANNEL

Due to the "square" sprocket action of the FlexLink™,

the Duperon® FlexRake® has the unique ability to hit 

the base plate of the frame with a scraping, shoveling 

action that moves debris up the screen, eliminating 

accumulation at the channel bottom plate.

 2 feet to 12 feet wide. 10 feet to 100 feet long.

Also available for channels 18 inches - 24 inches.

Range from vertical to 45 degrees dependent on site conditions.

304 SSTL. Alternative: 316 SSTL.

.25 inch, .38 inch, .5 inch.

Spacing: Every 2nd link or 21 inches. UHMW staging scrapers/stainless steel Thru-Bar™ teeth 

positioned at maximum ratio of 3:1. 

1/2 HP, explosion proof, inverter duty-operating speed .5-2 rpm.

WIDTH-LENGTH

SINGLE-STRAND WIDTH

ANGLE OF INSTALLATION

MATERIAL OF CONSTRUCTION 

BAR OPENING

SCRAPER CONFIGURATION

TYPICAL MOTOR/ SPEED

 

2.42

1.83

1.79

1.67

0.76

Bar Type

Sharp-edged rectangular

Rectangular with semicircular face

Circular

Rectangular with semicircular upstream and downstream face

Tear Drop shape

Lin, Shundar. Water and Wastewater Calculations Manual.

New York, New York. McGraw-Hill, 2001.

FLOW

TEAR DROP BARS ARE THE MOST

EFFICIENT BARS IN THE INDUSTRY

MOST EFFICIENT

The Duperon® FlexRake® FPFS

FIVE-YEAR WARRANTY

 With more than 25 years in the industry and over 

1000 machines worldwide… Duperon has the 

experience to assure excellence with the industry’s 

first Five-Year Warranty. Duperon® technology leaves 

nothing to chance… we guarantee it. 

MAINTENANCE AT FIVE-YEAR INTERVALS

This powerful drive lifts up to 1,000 lbs. The Duperon use of premium efficiency 

Sumitomo Cyclo gear motors eliminates abrasive sliding contact. Unique rolling 

contact, low operating speeds and the grease-filled non-vented gearbox allow for 

five-year maintenance schedules. 

VIRTUALLY INDESTRUCTIBLE

State-of-the-art materials such as UHMW and stainless steel are used for all 

wetted parts, eliminating corrosion in the harsh wastewater environment. 

Such materials ensure the highest duty of performance, designed such that 

the pressures and velocities exerted by the equipment and environment will 

assure a long life cycle.

THE DUPERON® LINK SYSTEM:

The Duperon® FlexLink™ design utilizes a 

stainless steel cast link system to create its 

own in-channel rigid framework and scraper 

connection point. With a 33,000 lb yield and 

60,000 lb break point, it forms a chain that 

is stronger and more hard-wearing than any 

other in the industry. That’s strength where 

it’s needed most!

ELIMINATES ALL SPROCKET-RELATED 

PROBLEMS

The exclusive flex/pivot action of the Duperon® FlexRake® allows all types of 

debris to be removed, all at the same screen – regardless of coarse or fine screen 

openings. With the rugged durability of Duperon equipment, prescreening is no 

longer a necessity. The design of the Duperon® FlexRake® eliminates the need for 

a lower sprocket and the common problems that come with it. No lower sprocket 

means no drive shaft, drive sprockets, or bearings requiring in-channel 

lubrications. No tracks, gaskets, seals or other close tolerances prone to wear due 

to grit. Most importantly: NO confined space entries. 

THE DUPERON® SOLUTION TO

• LOWER SPROCKETS
• BEARINGS
• SHAFTS
• LUBRICATION POINTS
• CONFINED SPACE ENTRIES
• TRACKS...

STRONGEST IN THE INDUSTRY

DUPERON® FLEXRAKE® FP FOR 

GREATER THAN 1/2 INCH OPENINGS

The Duperon® FlexRake® FP is typically used in wastewater or 

other applications where debris can accumulate or wrap 

around the bars. The scraper is designed to clean 3 sides of 

the bar. The Duperon® FlexRake® FP model is available in bar 

spacings greater than .5 – 4 inches. If the site allows, this 

model ships fully assembled. All components are serviceable 

above the deck, eliminating confined space entries. The 

FlexLink™ system flexes and pivots around large debris and 

removes it. Virtually maintenance free!

CONTINUOUS OPERATION ASSURED

The Duperon® FlexRake® handles grease and grit without 

difficulty, as well as large or unusual debris conditions ranging 

from sewer plugs to 2” x 4”s. Varied flow and influx of debris 

are no longer an issue. The Duperon® FlexRake®  is designed 

to continue running through all conditions – assuring that the 

plant will continue to function without shutdown or 

operator intervention. 

18 inches to 12 feet wide. 10 feet to 100 feet long. (Optional: Units wider than 10 feet are considered 

dependent on site specifications and should be discussed with Duperon Corporation.)

Also available for channels 18 inches - 24 inches.

Range from vertical to 45 degrees dependent on site conditions.

Standard: 304 SSTL. Alternative: 316 SSTL.

.63 inches to 4 inches.

Spacing: Every 2nd link or 21 inches. UHMW Thru-Bar™ scrapers. 

1/2 HP, explosion proof, inverter duty - operating speed of .5 - 2 rpm.

WIDTH-LENGTH

SINGLE-STRAND WIDTH

ANGLE OF INSTALLATION

MATERIAL OF CONSTRUCTION 

BAR OPENING

SCRAPER CONFIGURATION

TYPICAL MOTOR/SPEED

DUPERON® FLEXRAKE® 

Thru-Bar™ Scrapers

clean 3 sides of

bar and horizontal

cross members -  leaving

nothing to chance!

Thru-Bar™ 
Scraper

BARS

BAR TABS

HORIZONTAL
SUPPORTS

Factory demonstration of 4”x4” entering screen at bottom of channel.Grease attack? No problem!

The Duperon® FlexRake® FP



UNINTERRUPTED BY GREASE 

AND GRIT ATTACK

In 2004, the City of Monroe, Michigan participated in a 

“cleaning project” initiated for the purpose of raising awareness 

of the grease problem within commercial business concerns 

such as car washes (wax) and restaurants (grease). Prior to 

the project, influent sewer lines were chemically treated to 

break down the accumulation of grease, wax and similar solids 

in successive stages. As was typical, one Duperon® FlexRake® 

in the City’s 6 foot channel was in operation for the project. 

Unexpectedly, grease, wax and other solids hit the plant 

nearly at once, creating a “grease attack” at the headworks. 

This “attack” overwhelmed the conveyor, but the Duperon® 

FlexRake® continued as normal, removing several inches of 

grease and debris with each pass at the screen. The Duperon® 

FlexRake® maintained headworks operations; when the crew 

returned the following morning, they found plant processes 

continuing uninterrupted.

PROVEN STANDARD OF EXCELLENCE

 In 2006, Duperon® was the first to offer a Five-Year 

Warranty in wastewater–the industry's toughest 

standard for equipment excellence. 

DUPERON® SYSTEM OPTIMIZES 

SAVINGS

An installation in Pennsylvania has reported satisfaction 

exceeding expectations. Historically, the Authority had 

disposed of one 3 cubic yard dumpster each week. The 

dumpster contained extremely wet organic screening 

waste. The combined installation of a Duperon® 

FlexRake® and a Duperon® Washer Compactor has 

reduced this disposal to one 2 cubic yard dumpster 

every two weeks. With no standing water, there has 

been significant reduction of weight, thereby reducing 

trucking and disposal costs. Odor has been considerably 

reduced, and the dryness of the compacted screenings 

has improved appearance on disposal. The combined 

efforts of the Duperon® FlexRake® and the Duperon® 

Washer Compactor have also had a very favorable 

impact on maintenance processes downstream.  

1. 2.

3.

1.

3. 2.

“Ingenious...screenings are 50% drier

than what I was seeing before...”

   -Michigan installation

2/3 reduction in disposal volume!
                 -Pennsylvania installation

1.   City of Monroe grease attack

2.   Stones/grit easily lifted

3.   Duperon® FlexRake® flexing around a barrel 

1.    Lifting units with use of spreader bar

2.    Placing unit at installation angle

3.    Use of lifting brackets (for units >4500 lbs.)

 

The tougher functionality of the Duperon® 

FlexRake®, proven through repeated grease 

attacks and high I & I, was just one benefit of 

the equipment’s installation in Phoenix, Arizona. 

During plant upgrades, the low profile of the 

Duperon® FlexRake® saved over $1M in 

construction costs when compared to

previous equipment. 

 

LOW PROFILE MEANS REDUCED 

CONSTRUCTION COSTS

 

The Duperon® FlexRake® ships fully assembled to sites 

without space or handling constraints, creating installation as 

simple as pick, place, anchor, wire and run. 

When site constraints such as limited access doors, multiple 

floors, and handling constraints exist, the Duperon® 

FlexRake® ships fully factory-tested to be disassembled on 

site. The Duperon simplicity of design makes re-assembly 

easy, with sites often accomplishing re-assembly and 

installation in one day – sometimes using an on-site 

maintenance crew. 

 

NOTE: Maintenance is reduced by the simple design of the 

Duperon® FlexLink™, which is engineered for water 

lubrication. Slow operating speeds of 0.5 rpm allow for 

lubrication of the gear motor to occur every 5 years or 20,000 

hours.

 

1 year

0.0

0.0

0.5

0.5

0.5

2.0

3.5

 

5 year

0.0

0.0

2.5

2.5

2.5

10.0

17.5

 

20 years

0.0

0.0

10.0

10.0

10.0

40.0

70.0

Maintenance Schedule and Estimated Labor Hours

 

Daily

Monthly

Semi-

Annually

Annually

 

None

None

Visual inspection/lubrication of 

bearing and seals.

Visual inspection for general   

mechanical condition.

Check grease 

in gearbox.

Visual inspection of snap rings.

Total Labor Hours

Maintenance Schedule

 Daily

Monthly

Semi-

Annually

Annually

 

None

None

Check drive and bearing for any apparent leakage 

or damage. Lubricate bearing.

Check drive and bearing for any apparent leakage 

or damage. Verify unit condition.

Change grease in gearbox.5 year

EASIER TO INSTALL

LESS MAINTENANCE

 

SIGNIFICANTLY LOWER 

COST OF OWNERSHIP

New Mexico



FIVE-YEAR WARRANTY

 With more than 25 years in the industry and over 

1000 machines worldwide… Duperon has the 

experience to assure excellence with the industry’s 

first Five-Year Warranty. Duperon® technology leaves 

nothing to chance… we guarantee it. 

MAINTENANCE AT FIVE-YEAR INTERVALS

This powerful drive lifts up to 1,000 lbs. The Duperon use of premium efficiency 

Sumitomo Cyclo gear motors eliminates abrasive sliding contact. Unique rolling 

contact, low operating speeds and the grease-filled non-vented gearbox allow for 

five-year maintenance schedules. 

VIRTUALLY INDESTRUCTIBLE

State-of-the-art materials such as UHMW and stainless steel are used for all 

wetted parts, eliminating corrosion in the harsh wastewater environment. 

Such materials ensure the highest duty of performance, designed such that 

the pressures and velocities exerted by the equipment and environment will 

assure a long life cycle.

THE DUPERON® LINK SYSTEM:

The Duperon® FlexLink™ design utilizes a 

stainless steel cast link system to create its 

own in-channel rigid framework and scraper 

connection point. With a 33,000 lb yield and 

60,000 lb break point, it forms a chain that 

is stronger and more hard-wearing than any 

other in the industry. That’s strength where 

it’s needed most!

ELIMINATES ALL SPROCKET-RELATED 

PROBLEMS

The exclusive flex/pivot action of the Duperon® FlexRake® allows all types of 

debris to be removed, all at the same screen – regardless of coarse or fine screen 

openings. With the rugged durability of Duperon equipment, prescreening is no 

longer a necessity. The design of the Duperon® FlexRake® eliminates the need for 

a lower sprocket and the common problems that come with it. No lower sprocket 

means no drive shaft, drive sprockets, or bearings requiring in-channel 

lubrications. No tracks, gaskets, seals or other close tolerances prone to wear due 

to grit. Most importantly: NO confined space entries. 

THE DUPERON® SOLUTION TO

• LOWER SPROCKETS
• BEARINGS
• SHAFTS
• LUBRICATION POINTS
• CONFINED SPACE ENTRIES
• TRACKS...

STRONGEST IN THE INDUSTRY

DUPERON® FLEXRAKE® FP FOR 

GREATER THAN 1/2 INCH OPENINGS

The Duperon® FlexRake® FP is typically used in wastewater or 

other applications where debris can accumulate or wrap 

around the bars. The scraper is designed to clean 3 sides of 

the bar. The Duperon® FlexRake® FP model is available in bar 

spacings greater than .5 – 4 inches. If the site allows, this 

model ships fully assembled. All components are serviceable 

above the deck, eliminating confined space entries. The 

FlexLink™ system flexes and pivots around large debris and 

removes it. Virtually maintenance free!

CONTINUOUS OPERATION ASSURED

The Duperon® FlexRake® handles grease and grit without 

difficulty, as well as large or unusual debris conditions ranging 

from sewer plugs to 2” x 4”s. Varied flow and influx of debris 

are no longer an issue. The Duperon® FlexRake®  is designed 

to continue running through all conditions – assuring that the 

plant will continue to function without shutdown or 

operator intervention. 

18 inches to 12 feet wide. 10 feet to 100 feet long. (Optional: Units wider than 10 feet are considered 

dependent on site specifications and should be discussed with Duperon Corporation.)

Also available for channels 18 inches - 24 inches.

Range from vertical to 45 degrees dependent on site conditions.

Standard: 304 SSTL. Alternative: 316 SSTL.

.63 inches to 4 inches.

Spacing: Every 2nd link or 21 inches. UHMW Thru-Bar™ scrapers. 

1/2 HP, explosion proof, inverter duty - operating speed of .5 - 2 rpm.

WIDTH-LENGTH

SINGLE-STRAND WIDTH

ANGLE OF INSTALLATION

MATERIAL OF CONSTRUCTION 

BAR OPENING

SCRAPER CONFIGURATION

TYPICAL MOTOR/SPEED

DUPERON® FLEXRAKE® 

Thru-Bar™ Scrapers

clean 3 sides of

bar and horizontal

cross members -  leaving

nothing to chance!

Thru-Bar™ 
Scraper

BARS

BAR TABS

HORIZONTAL
SUPPORTS

Factory demonstration of 4”x4” entering screen at bottom of channel.Grease attack? No problem!

The Duperon® FlexRake® FP

KEEPS YOU IN CONTROL

Start it up… let it run. In their simplest form, controls are designed for 

continuous operation. Duperon offers pre-engineered packages that range 

from basic (continuous operation) to complex (level control with complete 

SCADA integration). 

REDUCES HEADLOSS, 

IMPROVES CAPTURE

Multiple scrapers on the screen operating at a speed of 0.5 rpm discharge 

debris once per minute. The slow operating speed provides long product 

life. Multiple scrapers minimize debris accumulation, resulting in reduced 

headloss and slot velocity, as well as greater capture rates. 

UNHAMPERED BY LARGE DEBRIS
 

As the Duperon® FlexRake® flexes and pivots around large debris, rigid 

side fabrications are angled to guide the scrapers to return engagement. 

This simple method for positive location, along with the scraper’s lateral 

containment by that same rigid frame, ensures the continuous engagement 

of each successive scraper. 

ELIMINATES FOULING POINTS

The Duperon® FlexLink™ system is an innovative solution to complex gear 

sprocket mechanisms - simple 90 degree articulation drives the unit. No tight 

clearances to bind or jam; no close tolerances to foul due to corrosion or wear. 

DEBRIS ACCUMULATION ELIMINATED

The Duperon® FlexRake® wastewater product line offers industry-exclusive 

Thru-Bar™ Technology with a scraper designed to clean 3 sides of the bar – as 

well as cross support members – so debris simply cannot accumulate. 

Assembly/disassembly is simple… just 4 bolts, from the deck. This Duperon® 

technology leaves nothing to chance. 

• ENERGY EFFICIENT

• LONG PRODUCT LIFE

DUPERON® FLEXRAKE® FPFS, FINE SCREEN 

MODEL 1/4, 3/8, 1/2 INCH BAR OPENINGS

The smaller the slot opening, the more critical it becomes to keep 

the bar screen open. The Duperon® FlexRake® FPFS combines the 

rugged reliability of the Duperon® FlexRake® FP with fine screen 

openings. Utilizing staging scrapers that clean the face of the bar 

screen and stainless steel teeth that fully penetrate the bar, the 

Duperon® FlexRake® FPFS offers precision technology with the 

ability to adapt to large debris. Duperon has eliminated the need 

for pre-screening… the powerful combination of stainless steel 

and UHMW scrapers allows for the best in redundancy and 

unit performance.

THE BEST SCREENING EFFICIENCY

IN THE MARKET

The Duperon® FlexRake® FPFS utilizes custom tear-shaped bars 

with a 50% screening efficiency for .25 inch bar openings, resulting 

in more favorable flow characteristics and less headloss. The unique 

teardrop shape keeps large debris on the surface of the screen for 

removal by scrapers. Small debris flows right through, and Thru-Bar™ 

scrapers assure that no debris can accumulate, even on horizontal 

cross members. 

EXCLUSIVE ABILITY TO CLEAN

THE BOTTOM OF THE CHANNEL

Due to the "square" sprocket action of the FlexLink™,

the Duperon® FlexRake® has the unique ability to hit 

the base plate of the frame with a scraping, shoveling 

action that moves debris up the screen, eliminating 

accumulation at the channel bottom plate.

 2 feet to 12 feet wide. 10 feet to 100 feet long.

Also available for channels 18 inches - 24 inches.

Range from vertical to 45 degrees dependent on site conditions.

304 SSTL. Alternative: 316 SSTL.

.25 inch, .38 inch, .5 inch.

Spacing: Every 2nd link or 21 inches. UHMW staging scrapers/stainless steel Thru-Bar™ teeth 

positioned at maximum ratio of 3:1. 

1/2 HP, explosion proof, inverter duty-operating speed .5-2 rpm.

WIDTH-LENGTH

SINGLE-STRAND WIDTH

ANGLE OF INSTALLATION

MATERIAL OF CONSTRUCTION 

BAR OPENING

SCRAPER CONFIGURATION

TYPICAL MOTOR/ SPEED

 

2.42

1.83

1.79

1.67

0.76

Bar Type

Sharp-edged rectangular

Rectangular with semicircular face

Circular

Rectangular with semicircular upstream and downstream face

Tear Drop shape

Lin, Shundar. Water and Wastewater Calculations Manual.

New York, New York. McGraw-Hill, 2001.

FLOW

TEAR DROP BARS ARE THE MOST

EFFICIENT BARS IN THE INDUSTRY

MOST EFFICIENT

The Duperon® FlexRake® FPFS



DUPERON® CONTROLS
 

Duperon offers economical standard control packages as well as PLC, 

enhanced VFD with differential level controls and completely custom 

packages, to suit your needs. Please contact us for available options. 

DUPERON® ENCLOSURES

For added convenience and cleanliness, Duperon® enclosures are built 

to site specifications. Each is available in rugged 304 or 316 stainless 

steel. Front access panels with options available for SSTL or 

polycarbonate materials. Rear has lift-off hinged doors with viewing 

windows.  Units without enclosures are optional dependent on site, and 

should be discussed with Duperon Corporation. 

DUPERON® AUGER CONVEYOR

The Duperon® Auger Conveyor is flexible (can bend up to 30º) and 

scalable to site constraints, with modular components that make 

assembly – and additions – simple. Constructed of abrasion-resistant 

UHMW and built to uphold the Duperon® tradition of tough durability; 

powered by the energy-efficient Sumitomo Hyponic drive. A multitude of 

accessories are available, such as splicing kits, legs, standard 

mounting holes, and more.

DUPERON® WASHER COMPACTOR

Continuing the tradition of simple, efficient, effective products... 

Exclusive patent-pending positive displacement technology adapts 

to variations in influent debris. Unique dual-auger design eliminates 

the need for additional agitation. Flood washing saturates 

screenings, eliminating clogging issues inherent in fine spray 

nozzles. Resulting compacted debris is light grey in color, with 

volume reduction of up to 82%. 

The Duperon  FlexRake® ®

ENGINEERED FOR DURABLE, RELIABLE OPERATION

The achievement of mechanical simplicity requires the design of one part doing more. The simplicity of the Duperon® 

FlexRake® is possible through the multi-functioning action of one part: the FlexLink™. This innovative design allows the link to 

function as a frame, lower sprocket, and connection point for scrapers, and be driven by a single sprocket. The rugged bar 

screen has a frame which guides the chain and relocates it in the screen. Bottom line: simplicity works when it achieves a 

simple cleaning mechanism with trouble-free longevity. 

The design of the Duperon® FlexRake® solves many of the headaches associated with liquids/solids separation equipment: 

complex gear mechanisms and controls; high maintenance components subject to regular lubrication, wear or fouling; 

confined space entries; reversal of mass in systems that must travel in one direction and then auto-reverse; carryover; 

shutdown due to unexpected debris volumes or conditions; inability to remove accumulation at the bottom of the channel… 

The FlexLinkTM  

articulates to a 90 

degree angle, closing 

on the drive pin. Once 

closed, the sprocket 

drives the link system 

forward.

As it leaves the drive 

sprocket, the FlexLinkTM 

locks into a solid bar, 

forming its own frame. 

(It works similarly to a 

knee or elbow.)

As the FlexLinkTM 

chain and attached 

scrapers reach the 

bottom of the screen, 

the FlexLinkTM forms 

its own rotating

framework.

How the Duperon® FlexRake® works...

Once the links turn to 

travel slowly up the 

screen, they are 

engineered to allow 

clearance around the 

pin and water 

lubrication, allowing 

stainless on stainless 

movement without 

gouging or wear. 

Industry-exclusive 

Thru-Bar™ technology 

features scrapers 

designed to clean 3 

sides of the bar, as 

well as horizontal 

cross members.

Multiple scrapers 

placed every 21 

inches continuously 

rake the bar screen. 

With screen head- 

loss minimized, 

some sites report a 

3x greater capture 

rate than with their 

previous machines. 

1.

4.

2.

5.

3.

6.

Duperon® simplicity of 

design solves many 

headaches associated 

with preliminary 

liquids/solids 

separation

1.      A powerful drive head

2.      A durable raking device

3.      A rugged bar screen

Only three basic components:

1200 Leon Scott Court  |  Saginaw, MI 48601  |  P 989.754.8800  |  F 989.754.2175  |  TF 800.383.8479  |  www.duperon.com
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Drive HeadGear Motor
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LOWER
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OR
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Duperon® FlexRake®

Anchorage
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Front-Clean

Front-Return

Screen

Duperon® FlexLink

Scraper
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Deadplate

Arizona

California
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Discharge
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Self-Regulating Compaction Provides a Reliable, 
Hassle-Free Way to Reduce Landfill Costs

Washer Compactor
Positive Displacement, 
Dual-Auger System

•	 Consistent Compaction 
Regardless of Debris Size  
or Volume (Using Proprietary 
Compaction Zone*)

•	 Positive Displacement:  
What Goes In Comes Out

•	 Up To 84% Volume Reduction,  
Up To 60% Dry Solids;  
Reduces Landfill Costs

•	 Accepts Non-Standard 
Wastewater Debris (Rocks, 
Clothing, Concrete, Metal)  
up to 4 inches

•	 Immediate Debris Processing: 
Low Odor                

•	 Self-Cleaning Strainer:  
No Brushes Needed 

Robustly simple, high-efficiency, non-batching 
process machine that cleans and compacts 
screenings up to 4 inches. Standard discharge 
lengths up to 20 feet.

WASHING COMPACTING

*Patent Pending



•	 Housing Geometry Controls 
Potential for “Slip Flow” When 
Processing Grease, Septage and 
Similar Debris

•	 Self-Centering Dual Augers Mean 
No Debris Wrapping

•	 Non-Clogging Flood Wash Port—
Ideal for Non-Potable Water

•	 Removable Drain Trough Provides 
Simple Access to Strainer

1200 Leon Scott Court  |  Saginaw, MI 48601  |  P 989.754.8800  |  F 989.754.2175  |  TF 800.383.8479  |  www.duperon.com
Patent Pending. Duperon®  is a registered trademark of Duperon Corporation. © Copyright 2016, Duperon Corporation

3122/1/17/0M

The Duperon® Washer Compactor

WATER 
•	 Utilizes filtered effluent or municipal water
•	 Washer consumes 3-10 gallons per minute
•	 Requires 40 PSI-60 PSI
•	 Drain connection 3” NPT
•	 Supply connection 1/2” NPT 

UTILITY
•	 120/240 volt, single phase 
•	 240/480 volt, three phase  

(0.6 kW/2.3 kW/3.8kW)

DRIVE
3/4 HP, 3 HP, 5 HP inverter duty motors available

HOPPER
Available in 27", 43" and 67" widths

DISCHARGE CHUTE
Chutes of up to 20' available

MATERIALS OF CONSTRUCTION
•	 304 SSTL or 316 SSTL 
•	 SSTL spur gears (17 - 4 PH) 

TYPICAL PERFORMANCE
•	 30% - 60% dry solids 
•	 60% - 70% weight reduction 
•	 Significantly decreases odor and fecal content 

CAPACITY
Available from: 30 ft3/hour to 150 ft3/hour

MAINTENANCE
Application Specific:  
Refer to Duperon® Life Cycle Cost Sheet

DISCHARGE EXTENSION OPTION
Transports debris up to 40' in any direction,  
without the use of a conveyor

Non-Batch Operation

Washer Compactor shown without 
Compaction Housing for use with 
Discharge Extension Option

Drive UnitHopper

Removable 
Drain Trough

Main
Housing

To Learn more about 
Duperon® Adaptive 
Technology,™ scan this  
QR code or visit  
www.duperon.com



Product Summary

Low headloss with phenomenal performance 

The Grit King® is an advanced hydrodynamic separator that augments 
gravitational forces to separate grit from water. The Grit King® is an 
economical choice for new or existing municipal or industrial wastewater 
applications. 

Performance

	» Removes 95% of particles equal to or greater than 75 microns at the 
design flow rate

	» Less than 20% volatile solids and greater than 60% total solids when 
paired with a Hydro washing and dewatering system

	» Typically less than 12 inches (30 cm) headloss at peak flow and less 
than 6 inches (15 cm) at average daily flow

 
Capacity

	» Single units can handle flows as low as 0.25 Mgal/d (11 L/s) and 
multiple units can be provided to handle virtually any flow

	» Turndown ratios for a standard design unit are 4:1 from peak to average 
flow. Note: ratios in excess of 15:1 can be accommodated

	» For larger applications, typically flows over 10 Mgal/d (440 L/s), the 
specialized internal components can be mounted in a concrete chamber

 
How it Works

Flow is introduced into the Grit King® via a tangentially positioned inlet 
causing a rotational flow path around the dip plate. The flow spirals down 
the wall of the chamber as solids settle out by gravitational forces and 
forces created by the rotating flow (green arrow). The grit collects in the 
grit pot as the center cone directs flow away from the base, up and around 
the center shaft into the inside of the dip plate (blue arrow).

The upward flow rotates at a slower velocity than the outer downward flow. 
The resulting “shear” zone scrubs out the finer particles. The concentrated 
grit underflow is pumped or gravity fed to a grit classifier for dewatering 
(yellow arrow). The result is clean dewatered grit with low organic content.

Applications

	» New wastewater treatment plants

	» Treatment plant retrofits

	» Sediment removal pretreatment for potable 
water

	» Grit removal for industrial effluent

	» Pre-treatment for MBR and many other process 
upgrades

	» Grit separation in collection system

Grit King®

All Hydraulic Grit Separation

Benefits

	» No moving parts

	» No external power source

	» Economical to own and operate

	» Compact design

	» Minimal headloss

Water & Wastewater Solutions
hydro-int.com/GritKing	

Grit King® Flow Pattern

https://hydro-int.com/en/products/grit-king


Configurations 

	» The Grit King® is available as either a free standing or in-situ 
unit for versatile installation. 

	» Multiple inlet and outlet configurations are available. The inlet 
and overflow channel may be rotated 360 degrees about the 
central axis. Overall elevations can be varied to accommodate 
local site conditions. 

Design Notes 

	» All-hydraulic design with no moving parts ensures a long 
product life

	» Internal flow structuring components create a long flow path 
aiding settlement and maximizing grit capture

	» 304 or 316 stainless steel

Learn more
Visit our website to learn how Grit King® grit separation 
will protect your plant, reduce your operational costs, and 
improve the performance of your entire plant.  

hydro-int.com

Hydro International
2925 NE Aloclek Suite 140 | Hillsboro, OR 97124
Tel: (866) 615-8130 
Email: questions@hydro-int.com 
Web: www.hydro-int.com V21.1

screened  
influent

clean, dry grit

degritted 
effluent

Grit King® Unit

Grit Classifier

In-Situ Grit King® and Classifier System

Inlet  
pipe

Fluidizing ring 
(in-situ 
model)

Fluidizing  
line

Overflow/ 
outlet

Center cone

Dip plate

Concentrated grit 
underflow 

(to classifier)

Center shaft

Free Standing Grit King® and Classifier System

https://hydro-int.com/en/products?application%5B%5D=282
mailto:questions%40hydro-int.com?subject=HeadCell%20Questions%20
https://hydro-int.com/en
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Primary Clarifier Information Sheets 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



COP™ Spiral Blade Clarifier
Rapid Solids Removal



Clarifier Optimization Package

CFD Analysis
Why Choose a COP™ Clarifier?
For nearly 30 years, with more than 1,500 installations, WesTech 
has been improving the performance of both primary and 
secondary clarifiers with our Clarifier Optimization Package (COP™). 

WesTech COP™ clarifiers:

• optimize the clarification process
• produce the cleanest possible effluent 
• maximize underflow concentration

The influent center column of the COP™ clarifier is sized and ported 
to both prevent settling and to systematically reduce incoming 
velocities. WesTech's unique Dual-Gate™ EDI nearly eliminates 
hydraulic energy as the flow enters the feedwell. Flow enters at the 
water surface, ensuring that the full volume of the flocculation well 
is used for gentle mixing and flocculation of the biological solids. 
Opposing adjustable gates are arranged so that incoming flow 
impinges on itself, effectively dissipating incoming energy and 
eliminating focused flow streams that could carry into the clarification 
zone. The result is a well-flocculated mixed liquor that spreads 
gently and evenly into the clarifier without disturbing settled solids 

on the basin floor.

Side-by-side studies show a 27% reduction in effluent suspended 
solids when using the new Dual-Gate™ EDI versus a conventional 
EDI in shallow secondary clarifiers.

WesTech's Dual-Gate™ EDI is just one of many benefits provided 
by the Clarifier Optimization Package. Contact WesTech to find 
out more about why the COP™ may be a perfect fit for your plant.

The WesTech Clarifier Optimization Package (COP™) is the result 
of research and design focused on building a better clarifier. Each 
COP™ is designed for the specific process requirements of each 
plant. Proprietary algorithms are utilized to result in a clarifier that 
provides high performance.

Spiral Rake Blades

Increase sludge transport capacity, 
providing rapid solids removal, and  
lower sludge blankets. Eliminate 
septicity and denitrification. 

Premium Drive Unit

Designed for torque requirements from 
1,000 ft-lbs to 6,000,000 ft-lbs, the 
Premium Drive Unit provides rotational 
force to the clarifier mechanism while 
resisting torque loads and overturning 
moments.



Inner ring filled with concrete 
after installation

Large inlet ports 
prevent plugging 
and maintain even 
flow patterns Outlet pipe or duct to existing hopper Evenly spaced ports

Higher concentrations of 
sludge at the ports for 
uniform RAS withdrawal

Scum Removal
Removes scum build-up from within the 
feedwell and from the clarifier surface.

Density Current Baffle 

Eliminates wall currents and prevents 
short-circuiting. The wall-mounted baffle 
is low in cost and requires no maintenance.

Flocculating Feedwell
Promotes hydraulic flocculation in the 
inlet area and is designed to eliminate 
scouring of the sludge blanket.

Center Column

Minimizes floc shearing and reduces 
influent energy. 

Sludge Withdrawal Ring

Reduces the depth of the sludge blanket 
in a secondary clarifier – decreasing sludge 
scour and increasing hydraulic capacity, 
as well as reducing the possibility of 
denitrification and phosphorus removal in 
BNR processes. The Sludge Withdrawal 
Ring provides rapid solids removal in 
conjunction with Spiral Rake Blades.



© WesTech Engineering, LLC 2021

Tel: 801.265.1000
westech-inc.com
info@westech-inc.com 
Salt Lake City, Utah, USA

Represented by:
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Vertical Solids Handling Pumps (plant pump station) 
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Secondary Rectangular Clarifier Information Sheets 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



EnvireX® Chain & Scraper Sludge 
Collector Systems & Components

Reaction Tanks



Envirex® rectangular sludge collector systems and 
components are made of advanced materials and designed 
for long life and reduced wear. They offer more options, 
material choices and sizes than anyone else in the industry.  
All systems and components are designed to meet the 
specific requirements of each installation, whether for new 
construction or when retrofitting existing collectors.

� Carrier Chains

Envirex® NCS720S Chain: This is the 
worldwide standard for molded collector chain. 
Lightweight and easy to install, it provides 
wear resistance, chemical resistance, and long 
service life. Some of the original installations 
have over 20 years of successful operation.

Envirex® HS730 Chain: Constructed out of high-strength 
composite materials, Loop Chain is suited for 
collectors that are heavily loaded or are over 
300 ft (90 m) in length. It is the only non-
metallic collector chain  that offers strength 
nearly equal to cast and stainless steel chain 
at a fraction of the weight.

Envirex® ENV715 Chain: Manufactured out of Series 400 
stainless steel with hardened pins and bushings, ENV715 
collector chain provides excellent strength 
and corrosion resistance. This chain is 
suitable for applications with elevated grit 
levels or sludge loads where a stronger, 
more robust chain is required. It is especially 
suited for plants using stacked (double deck) 
collectors where the collectors can‘t be visually inspected or 
easily accessed.

� Fiberglass Scraper Flights

Envirex scraper flights are pultruded out of fiberglass for 
consistent shape, quality and performance. The fiberglass 
is totally encapsulated in a water resistant resin to prevent 
wicking, ensuring the flights remain strong and stiff 
throughout their service life. The standard size is 3 inch by 8 
inch (76 mm x 203 mm) and will fit existing F28 attachment 
mounting hole patterns.

Sigma Plus Flights: This flight is an 
improvement over conventional channel 
flights due to its transverse concave 
indentation. With 60% greater structural 
support compared to a channel flight, it 
can be installed in collectors up to 25 feet 
(7.6 m) wide. 

Diamond Flights: This high strength flight 
can handle heavy sludge loads or be used 
in tanks up to 32 feet (10 m) in width. This 
special design gives it exceptional resistance to 
deflection and twist. 

Extensions: Envirex flights can be provided 
with an integral face extension to permit more 
effective movement of lighter secondary or 
alum sludge, which can flow over shorter 
flights. It also provides added stiffness and 
strength for challenging applications. Sigma 
Plus extensions are available in 3 inch (76 mm) and 7 inch 
(178 mm) heights, and the Diamond is available with a 4.5 
inch (114 mm) extension.

� Shafting - Head

Metallic: Solid construction up to 25 ft (7.6 m) 
or torque tub to 30 ft (10 m), keyed to suite. 
Available in carbon or stainless steel.

Non-metallic: This new assembly consists 
of a filament wound fiberglass unitube with 
UHMW PE end bearings. The tube rotates over 
fabricated stainless steel wall supports to provide proper 
load absorption. The result is a  headshaft that 
is lightweight, corrosion resistant, and doesn‘t 
require additional external lubrication.

Evoqua is the technology leader in sludge collectors

��

��



� Shafting - Corners

Full width: Solid construction for use in 
either live (in bearings) or static (fixed, not 
rotating) applications. Available in carbon or 
stainless steel.

Stub shaft: Cast iron tripod with extendable 
metallic stub end to accommodate tank wall 
irregularities.

� Sprockets

Collector: Non-metallic and split construction 
for easy installation. Integrally molded hubs, 
tooth profile and chain saver rim for optimum 
integrity and strength. Captured keyway or set 
screwed for headshaft sprockets to ensure 
accurate location.

Driver: Non-metallic teeth on a metallic hub 
with torque overload protection.

Driven: Non-metallic and split construction 
for easy installation. Dished to accommodate 
wall bearings and to avoid contact with 
flights. Replaceable or integral teeth are 
available.

Materials: Teeth in polyurethane or cast nylon. Bodies in 
polyurethane, cast nylon or cast iron. 

� Return Tracks

Angles: Wall mounted supports with 
replaceable UHMW PE wear strip for low 
friction and extended service life for flight 
wear shoes and support rails. Non-metallic 
wall brackets that are adjustable in the field 
to ensure proper flight tracking along the 
collector. Available in fiberglass, carbon or 
stainless steel.

J-Track: Named for the unique shape of the 
main fiberglass structural member, this 
special configuration eliminates twisting and 
bowing for track support spacing greater than 20 ft (3 m). A 
UHMW PE wear strip slides on top of the J, eliminating the 
need for mounting hardware, maximizing the effective wearing 
thickness.

� Wearing Strips

Floor: The Envirex wear strip system is 
attached directly to the tank floor to 
conform to rough concrete surfaces and 
uneven expansion joints. Manufactured out 
of UHMW PE material for low friction.

C-Rail: The floor-mounted version of the 
wear strip used with the J-Track. T-shaped 
cleats accommodate the special wear 
strip, eliminating mounting hardware and 
maximizing the effective wear shoe.

Return Track: Same as the floor wear strips, 
but attached to fiberglass return track with 
self-tapping screws to reduce installation 
time. Can also be attached to metallic return 
tracks with weldable washers.

� �

�
�



2607 N. Grandview Blvd, Suite 130, Waukesha, Wisconsin 53188

+1 (866) 926-8420 (toll-free)          +1 (978) 614-7233 (toll)          www.evoqua.com

Envirex is a trademark of Evoqua, its subsidiaries or affiliates, in some countries.

All information presented herein is believed reliable and in accordance with accepted engineering practices. Evoqua makes no 
warranties as to the completeness of this information. Users are responsible for evaluating individual product suitability for specific 
applications. Evoqua assumes no liability whatsoever for any special, indirect or consequential damages arising from the sale, resale or 
misuse of its products.

© 2014 Evoqua Water Technologies LLC          Subject to change without notice          BC-CS-BR-0914

We offer complete installation and after-sales services to 
help you protect your investment. 

•	 Our experienced field service personnel—the largest 
group in the industry—can handle a complete upgrade, 
or do portions of it assisted by your personnel.

•	 We can handle the installation of new collectors, 
as well, working with your contractors or others. 
They can perform annual inspections, advise on 
inventory requirements and, of course, be on-site for 
emergencies.

•	 We can upgrade or retrofit any manufacturer’s sludge 
collector with new, non-metallic components. The 
renovated collector will run smoother and require far 
less maintenance than the original.

•	 For replacement parts, we have the most extensive 
inventory in the business, and can ship from stock 
immediately when required.
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Preliminary Plant Hydraulic Profile 
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Proposed Facility Layouts (A & B) – Plant Expansion 
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Solids Handling Facilities Report (February 2020) 
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TOWN OF WARRENTON WASTEWATER TREATMENT PLANT 
SOLIDS HANDLING FACILITIES UPGRADE AND EXPANSION 

 
 

EXECUTIVE SUMMARY 
 
The Town of Warrenton owns and operates an advanced wastewater treatment plant (WWTP) permitted for 2.5 million 

gallons per day (MGD) average daily flow (ADF). As plant flows have gradually increased in recent years, the Town 

recognizes the need to assess the reliable treatment capacity of the existing facilities and what upgrades would be 

required if the treatment capacity were to be expanded. In May 2017, WRA prepared a Plant Capacity Evaluation report 

identifying the facility improvements needed to expand the plant capacity by 20%, to an ADF of 3.0 MGD. A subsequent 

Plant Capacity Evaluation Summary considered potential expansion of the plant to 3.5 MGD and ultimately to 4.0 MGD. 

 

The Town has requested a further evaluation specific to the existing solids handling processes, and alternatives for 

upgrading and expanding the solids handling capacity in step with the plant’s liquid treatment capacity from the current 

2.5 MGD to 3.0 MGD and 3.5 MGD.  

 

This Report identifies the condition of the existing infrastructure, the solids process upgrade and expansion needs. 

Based the recent historical solids produced and the projected amounts at future flows, along with an assessment of 

the existing solids handling facilities, the following phasing of upgrades is recommended. 

 
Phase I: Near-term at current flows: 

 

• Refurbish existing gravity sludge thickener (GST) including replacement of sludge mechanism, bridge, 

and cover, and repair concrete as needed. Consider provisions to add diluting water and/or chlorine 

to the GST feed. 

• Consider replacing existing digester plug valves to improve operability. Regrade around the digester 

tank. 

• Expand the dewatered sludge storage area as needed. 

 

Phase II: Plant flows near 2.5 MGD Permitted Capacity: 

• Begin planning for and design a new second 50 ft diameter primary digester and associated facility in 

anticipation of a plant capacity expansion to 3.0 MGD as flows near the current permitted capacity. 

• A new electrical service will be required for the second digester facility. 

• Upgrade and replace process equipment (heat exchanger and pumps) and electrical MCC for the 

existing digester. This work maybe required earlier as part of Phase I. 

• Consider increasing dewatering capacity; replace existing BFP with large unit or replace with 

dewatering screw press 

Phase III: Plant Expansion to 3.0 MGD and 3.5 MGD: 

• Assuming a new second digester is implemented in Phase II and depending on the performance of 

the existing Gravity Sludge Thickener (GST) when flows approach 3.0 MGD, consider replacing with 

a larger GST. 

• Further expand the sludge storage area as needed. 
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Preliminary planning level construction costs are included in Table 1. 

 

 

Table 1:  Solids Facility Improvements Planning Level Construction Costs 

Phase Upgrades 
Planning Level 

Construction Costs1 

I 
Refurbish Existing GST 

Replace Existing Digester Valves and Regrade 
Expand Dewatered Sludge Storage 

$1.0M - $1.5M 

II 
Add New Primary Digester 

Replace Existing Digester Equipment 
Provide New Electrical Service 

$7.5M - $8.5M 

III 
Replace GST (with larger unit) 

Further Expand Dewatered Sludge Storage 
$1.25M - $1.75M 

1 Costs do not include Engineering and Administration (2021 dollars) 

 

As discussed in Section 3, depending on biosolids management and future regulations, the Town may plan for and 

possibly build a new Class A biosolids facility. The facility would include a new sludge dryer, building and associated 

process equipment and would involve a substantial capital cost (in the range of $10M - $12M). 

 

A schematic site plan is shown below for the areas of solids handling facility improvements. 
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1 BACKGROUND 
 

The Town of Warrenton owns and operates an advanced wastewater treatment plant permitted for 2.5 million gallons 

per day (MGD) average daily flow (ADF). The original plant was constructed in the late 1950’s followed by capacity 

expansions in the 1970’s and early 1990’s to its current capacity. The existing facilities include preliminary treatment 

(screenings and grit removal) and primary treatment. Secondary biological treatment and ammonia removal is provided 

by a conventional trickling filter (TF) and a Rotating Biological Contractor (RBC) process which also provides for the 

required ammonia removal. Construction is currently underway to replace these aging units with a “Moving Bed Bio-

Reactor” (MBBR) treatment process. The MBBR process is a newer and more efficient technology that combines the 

treatment functions of the trickling filter and RBCs into one process tank. In the late 2000’s the plant was upgraded to 

provide for enhanced nutrient removal (total nitrogen and phosphorus) through post-denitrification filters and chemical 

addition. Tertiary effluent is disinfected through a UV-system and aerated before final discharge. 

 

As plant flows have gradually increased in recent years, the Town recognizes the need to assess the reliable treatment 

capacity of the existing facilities and what upgrades would be required if the treatment capacity were to be expanded. 

In May 2017, WRA prepared a Plant Capacity Evaluation report identifying the facility improvements needed to expand 

the plant capacity by 20%, to an ADF of 3.0 MGD. In July 2019 WRA prepared a Plant Capacity Evaluation Summary 

that considered potential expansion of the plant up to an ADF capacity of 4.0 MGD.  

 

The Town has requested a further evaluation of the existing solids handling processes, and alternatives for upgrading 

and expanding the solids handling capacity. For planning level purposes, the solids process will consider a 

corresponding liquid side treatment expansion from the current 2.5 to 3.5 MGD.  

 

This Report identifies the condition of the existing infrastructure, the solids process expansion needs, and provides a 

basis of design for an upgrade with provisions for expansion of the plant’s solids handling facilities. 
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2 EXISTING SOLIDS HANDLING FACILITIES AND OPERATION 
 

2.1 Existing Facilities 
 

The plant produces primary sludge, secondary sludge from the RBCs and tertiary sludge from the DN filters. Metal salt 

(poly-aluminum chloride, PACL) is added to the secondary clarifiers for improved solids and chemical phosphorus 

removal. Sludge is also received from the Town’s water treatment plant as it is discharged through the sanitary sewer 

system. 

 

Settled primary and secondary sludges are withdrawn intermittently from the clarifiers through telescoping valves into 

separate sludge sight wells. Primary sludge is withdrawn between 8:00 AM and 12:00 AM (16 hours over two shifts). 

The primary sludge sight well (3,000 gallons) is filled 4-5 times during this period and pumped to the gravity sludge 

thickener (GST). It takes about one hour to pump out the well. Secondary sludge is withdrawn and pumped to the GST 

for 15 minutes each hour, 24/7. The pumping rate for both the primary and secondary sludge pumps is about 50 gallons 

per minute (gpm). The total daily sludge flow (primary + secondary) to the GST is about 30,000 – 35,000 gallons. The 

mixed solids content average about 1.0-1.5%, and the estimated daily dry solids feed to the GST is about 3,700 lbs. 

 

Underflow from the GST is pumped intermittently (15 minutes each hour) to a mesophilic anaerobic digester with a 

floating cover. The digester temperature is maintained by sludge recirculation through a “tube-in-a-tube” heat 

exchanger. Digester mixing is done with a Pearth™ gas mixing system integral with the floating cover. Digested sludge 

is pumped intermittently to a sludge holding tank with a flexible membrane cover for gas storage. Sludge is pumped 

from the sludge holding tank to a belt filter press for dewatering, operating 7-10 hours per day, 5 days per week. 

Dewatered cake drops into a dump truck below the dewatering building and is unloaded and stored on site on a covered 

sludge storage pad. Stored sludge is hauled and disposed off-site through contract operations. Dewatering filtrate is 

stored and equalized in a buffer tank, and then metered into the primary influent. 

 

Figure 1 shows an aerial view of the solids handling facilities and Figure 2 depicts the solids handling flow schematic. 
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Figure 1: Existing Solids Handling Facilities 

 
 

 

Figure 2: Existing Solids Handling Flow Schematic 
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Key design information for the solids handling process tankage and equipment is summarized in Table 2. 

 

Table 2:  Existing Solids Handling Facilities and Equipment 

Equipment 
Year 
Installed 

Design Parameter Value 

Primary Sludge Wet Well 1989 Volume 3,000 gallons 

Primary Sludge Pumps 1989 Flowrate 50 gpm (piston pumps) 

Secondary Sludge Wet Well 1989 Volume 3,000 gallons 

Secondary Sludge Pumps 1989 Flowrate 50 gpm (piston pumps) 

Gravity Thickener 1989 Diameter  28 ft 

  Side Water Depth 12 ft 

Anaerobic Digester 1989 Diameter 50 ft 

 
 Side Water Depth, Maximum 

Straight 
20 ft 

  Maximum Operating Volume 293,000 gallons 

  Working Volume, 85% 250,000 gallons 

  Cover Floating 

  Mixing Pearth™ Gas Mixing 

 
 Boiler Envirex  

560,000 BTU/hr 

 
 Heat Exchanger Tube in Tube with hot 

water recirculation 
42.21 sq ft HEX area 

 

 Recirculation Pumps (2) WEMCO 
Model 3  
Size 4 X 3 
Recessed Impeller 
Centrifugal 
150 gpm @ 34 ft head 

 

 Sludge Transfer Pumps - 6 Total: 
Transfer from GST underflow to 
Digester (2); Transfer from 
Digester to Sludge Storage (2); 
Transfer from Sludge Storage to 
Belt Filter Press (2) 

ITT Marlow 
Model BE82W 
Plunger Pump 
240 gpm @ 45 ft head 

 

 Waste Gas Flare Open style with manual 
ignition 
Mounted at grade 
6-inch diameter 

Sludge / Gas Holding Tank 1970 Diameter 40 ft 

  Side Water Depth 20 ft 

  Volume 185,000 gallons 

 2010 Cover Flexible Gas Holding 

Belt Filter Press 2012 Belt Width 1 meter 

 
 Hydraulic Capacity, current 

operation 
30-35 gpm 

Filtrate Buffer Tank 2000 Volume 30,000 gallons 

Dewatered Sludge Storage 
(covered) 

1970 Length, Width 
Area 

165 ft, 55 ft (8 bays) 
9,330 sq ft 



  
  

Town of Warrenton, Virginia │ WWTP  Page 9 
Solids Handling Facilities Upgrade and Expansion February 2020 (rev March 2022) 

  

N:\18667-000\Reports\1_Solids Handling Facilities Report 2020 (2021)\Warrenton WWTP - Solids Handling PER - Feb 2020 (rev Mar 2022).docx 

 

A multidiscipline field visit was conducted in November 2019, including the following tasks: 

  

• Discussing the current operations and condition of the solids processes 

• Discussing available power within the WWTP 

• Review of major solids equipment Manufacturer’s Operations and Maintenance Manuals 

• Visually inspection of the solids handling equipment and facilities 

 

Other than the belt filter press, which was replaced in 2012, the solids handling equipment has been in operation for 

30 or more years and has exceeded its expected service life. However, with the plant’s ongoing maintenance and 

repairs of the equipment, the majority of the solids handling processes and equipment are generally functioning and 

operating satisfactorily. 

 

Field Visit Observations – Process Mechanical 

 

Primary sludge flows from the underflow of the four (4) primary clarifiers into a wet well. It is then pumped to the gravity 

sludge thickener by the primary sludge pumping station. Sludge from the underflow of each the two (2) secondary 

clarifiers flow through telescoping valves into a wet well. Secondary sludge is then pumped to the gravity sludge 

thickener by the secondary sludge pumping station. One of the secondary sludge telescoping valves is leaking and 

needs to be repaired to allow for control of sludge flow from each clarifier. 

 

The gravity sludge thickener is covered with a fiberglass dome. The interior head space is ventilated, and the exhaust 

is directed through an adjacent activated carbon filter for odor control. The thickener mechanism and bridge are heavily 

deteriorated, with significant visible metal loss. The Town has budgeted for a planned replacement of the mechanism 

and access bridge. 

 

The anaerobic digester, piping, valves, gas mixing system, sludge transfer and recirculation pumps, combination boiler/ 

sludge heat exchanger were all in fair condition. Plant operations reported no issues with the process equipment and 

only expected routine maintenance to be performed.  

 

The sludge valves in the digester control building were reported as very difficult to actuate, which is expected for valves 

of the tapered plug type and their current age.  

 

A new one-meter belt filter press was installed in 2012 replacing the existing one-meter unit from the 1990 plant 

upgrade. It is reported to be limited to 25 to 35 gpm sludge feed rate and produces cake with an average of 13-14% 

dry solids. Feed rates to belt filter presses vary depending on sludge type, solids contents and plant specific conditions, 

with a typical design feed rate in the range of 30 to 100 gpm for a 1-meter wide belt filter press. Operating near the low 

end of this range, the plant has made several operational changes in an attempt to improve throughput, but with little 

success. To keep up with sludge production, the dewatering process is operated between 7 to 10 hours per day, 5 

days a week. 

 

Dewatered cake is transferred via a small dump truck to the adjacent covered sludge storage pad that has eight (8) 

individual bays, each approximately 20’ by 55’ size. The higher amounts of annual precipitation in recent years has 

challenged off-site sludge management and disposal. In turn, this has resulted in less frequent cake haul-off and longer 

on-site sludge cake storage times. Therefore, there is a need to expand the current storage capacity at the plant.        
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Field Visit Observations – Structural 

 

A structural condition assessment was performed for the existing digester building, control building, sludge storage 

area, and gravity thickener. This assessment was limited to conditions readily visible on the exterior and interior areas 

of the facility, and the exterior of the digester and the gravity thickener. The assessment did not include structural 

observations of the interior of the digester tank or the floating cover. Details of the condition assessment are included 

in Appendix A. 

 

Several minor structural and architectural deficiencies were observed during the site visit. No deficiencies were 

observed that would be considered critical to the overall structural integrity of these elements. The deficiencies 

generally fall into one of two categories, (1) issues that could have a negative impact on the operator safety or 

serviceability of the building or (2) maintenance issues that could continue to worsen over time if observed deficiency 

is not mitigated or repaired. 

 

Digester Building – Several hairline cracks were observed throughout the structure, including horizontal and 

vertical cracks in the digester tank walls, cracks in the Upper Level floor, and cracks in the concrete masonry 

wall. These cracks can generally be efficiently repaired by injecting epoxy adhesive into the cracks. The other 

primary issue observed for this building is apparent soil erosion of the adjacent grading around the perimeter 

of the building which has led to a significant change in grading elevation around the perimeter of the building. 

Brick corbels around the perimeter of the building which should be below grade were exposed to view and a 

ramp footing that is undermined and almost entirely exposed to view indicate that over a foot of grading 

elevation may have been lost to erosion around the perimeter of the building. 

 

Control Building – Structural issues observed for this building include rusty brick support lintels, rusty 

maintenance platforms, and spalled concrete elements. Architectural issues include cracked and spalled 

façade bricks; rusty downspouts, flashing, louvers, roof hatch hardware and gas pipes; loose handrails; and 

stained ceiling tiles. Most of these deficiencies would classify as maintenance issues and can be resolved by 

replacing the deficient item in kind. 

 

Dewatered Sludge Storage Area – The steel members supporting the canopy roof generally have worn-off 

paint and moderate rust in several locations. In a few locations, section loss was observed for the steel 

columns, reducing their load-carrying capacity. The existing metal roof deck was observed to be in good 

condition. The deck did not exhibit the same level of rust as the supporting structure. Personnel at the WWTP 

indicated that the roof deck had been replaced previously. The biggest issue with this structure is its inadequate 

roof height and storage capacity. The existing roof height prevents full operation of a CAT 926 Loader (or 

comparable equipment) within the space. The roof will need to be raised to a minimum clear height of 18 feet 

for full operation of the loading equipment. The footprint of the storage area will need to be increased to 

increase its storage capacity. If the width of this area is increased by 15 feet for its entire length, the storage 

capacity will increase by approximately 25 percent. A new canopy roof structure will be required to increase 

the roof height and building footprint, and a new concrete retaining wall and slab extensions will be required to 

increase the building footprint. The new roof structure will likely be pre-engineered metal building framing 

supporting either a new roof deck or a fabric membrane roof as discussed later in this report. 

 

Gravity Sludge Thickener – The existing gravity thickener structure consists of a fiberglass dome supported 

by concrete walls supported by a concrete mat foundation. We observed the above-grade exterior of the 

existing gravity thickener. Since most of the structure is located underground, only a small portion of the 
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structure was visible and the observed portion of this structure was unremarkable. No deficiencies were 

observed. 

 

Field Visit Observations – Electrical 

 

Power for the solids handling process equipment at the Warrenton WWTP which is comprised of the Plant Control 

Building, the Digester Building, both Digesters and the Gravity Sludge Thickener emanates from a 400-amp fused 

switch in the 480-volt, 3 phase, 3 wire “DS” Switchboard located across the treatment plant site in the RBC Blower 

Building.  

 

Switchboard “DS” feeds Panel H3, located in the Plant Control Building. Panel H3 is a 480/277volt, 3 phase – 4 wire 

General Electric A Series branch circuit breaker panelboard. Panel H3 feeds Panel L3, a 240/120-volt, 1 phase – 3 

wire General Electric branch circuit breaker panelboard through a 50 kVA, 480-volt to 240/120-volt, 1 phase dry type 

transformer. Panel H3 and Panel L3 feed all the electrical loads in the Plant Control Building. 

 

Panel H3 also feeds power to MCC3 and Panel H4, through two 100 amp fused disconnect switches located in the 

Digester Building. MCC3 is a 480-volt, 3 phase – 3 wire General Electric 8000 Line motor control center and Panel H4 

is a 480/277-volt, 3 phase – 4 wire General Electric branch circuit breaker panelboard. Panel H4 feeds Panel L4, a 

240/120-volt, 1 phase – 3 wire General Electric branch circuit breaker panelboard through a 10-kVA dry type 

transformer “Servicenter” mini-unit substation. MCC3, Panel H4 and Panel L4 feed all the electrical loads in the 

Digester Building and the Gravity Sludge Thickener.  

 

The electrical equipment is original equipment that was installed when the Plant Control Building, Digester, Digester 

Building and the Gravity Thickener were constructed circa 1987. The electrical equipment is over 30 years old. A 

general rule of thumb for electrical systems equipment is a life expectancy of 20 to 30 years based on well-maintained 

equipment. As the electrical equipment has exceeds its life expectancy, replacement parts for equipment become more 

difficult to find.  

 

The existing electrical equipment, described above, is operating at maximum capacity and is not capable of accepting 

any new loads. Any additional loads associated with new or expanded solids handling facilities will require new 

electrical service. Refer to Figure 3 (E-1), Existing One Line Diagram, for existing conditions. 
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Figure 3: Existing Electrical One-Line Diagram 
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2.2 Existing Solids Process Operations 
 

The following section reviews the plant’s current solids load and solids process / digestion operations. 

 

The annual average influent flow to the plant for the period from 2014 to 2020 was about 1.9 MGD, as summarized in 

Table 3. 

Table 3:  Annual Average Plant Influent Flow 

Year 
Annual Average 

Inf flow 
(MGD) 

2014 2.0 

2015 1.9 

2016 1.7 

2017 1.7 

2018 2.2 

2019 2.0 

2020 1.9 

Average 1.9 

 

The annual average biosolids produced (after digestion and dewatering) for the period from 2010 to 2020 was about 

400 dry metric tons per year (based on the plant’s hauling data), as summarized in Table 4. 

 

Table 4:  Total Annual Biosolids Quantities 

Year 
Biosolids 

(Dry Metric Tons) 

  

2010 363 

2011 266 

2012 379 

2013 312 

2014 549 

2015 343 

2016 589 

2017 314 

2018 555 

2019 294 

2020 395 

Average (2015-2020) 408 

 

In review of the in-plant operating data, there is considerable variability in sampling and analyzing percent solids in the 

solids processes (thickening and digestion processes). However, since the quantities of final cake solids are typically 

more representative of the solids produced at a WWTP the data in Table 4 will be used as the basis for estimating the 

solids loadings through the plant.  

 

The estimated solids loading to the thickening and digestion processes considers the volatile solids (VS) reduction in 

the digester. Table 5 summarizes the sludge feed and VS reduction data for 2018-2019. 
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Table 5:  Recent Solids Digestion Values 

Year Units 
Average Value 

2018-2019 

Digester Average Feed Volume gallons per day 12,580 

Digester Feed Volatile Solids % VS 72 

Digested Sludge Volatile Solids % VS 58 

% Volatile Solids Reduction % VS Reduction 47 

 

 

Based on the values in Tables 4 and 5 the loading through the solids handling processes is shown in Figure 4, 

representing current operations. 

 

 

 
Figure 4: Recent Average Solids Loading  
 

 
 

 

Gravity Sludge Thickener (GST) Performance 

 

Based on the solids loadings in Figure 2, the existing gravity sludge thickener loading was reviewed. Typical gravity 

sludge thickener (GST) design loading when thickening co-mingled primary sludge and rotating biological contactor 

(RBC) waste sludge are shown in Table 6, along with the recent GST loading.  
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Table 6:  Typical and Recent Gravity Sludge Thickener (GST) Loading 

Parameter Typical Values1 Current (1.9 MGD) 

Solids Loading 
(lbs TS / sq ft / day) 

10 – 15 6 

Hydraulic Loading  
(gpd / sq ft / day) 

150 – 300 722 

Thickened Solids 3 – 5%3 ~3% 

1 WEF MOP-8 Design of Water Resource Recovery Facilities, 6th Edition 
2 Average loading based on daily total flow; loading during sludge pumping rates, when either primary or 

secondary (or both) sludges are pumped intermittently to the GST, is 115 – 230 gpd/sf 
3 Based on co-mingled primary/secondary sludge GST performance 

 

As can be seen in Table 6, the existing GST loading is below typical design range. The GST performance in thickening 

the sludge (at about 3%) is consistent with the observed loading. 

 

Typically, GSTs use diluting water and/or an oxidant (commonly chlorine) to improve the performance of the GST and 

increase the volume of thickened sludge held in the GST i.e. increase the solids retention time, by keeping the sludge 

from becoming septic and gasifying. Warrenton is not utilizing diluting water nor an oxidant in the GST influent. A metal 

salt (alum, ferric or PACl), as well as polymer, can also be added to improve settling and solids underflow concentration.  

 

Table 7 shows the current and projected GST solids loading as the plant flows reach the permitted capacity (2.5 MGD), 

and at plant expansions to 3.0 MGD and 3.5 MGD, respectively. The projected feed solids values (lbs/day) shown in 

the first row of Table 7 assumes a flow-proportional increase in solids quantities over the recent average solids 

production at the plant (based on about 1.9-2.0 MGD ADF). 

 

Table 7:  Projected GST Loadings 

 Annual Average Daily Influent Flow (MGD)  

Parameter Current (1.9) 2.5 3.0 3.5 

Total Feed Solids  
(lbs total solids / day) 

3,700 4,9001 5,9001 6,9001 

GST Volumetric Feed 
Rate2 (gpd) 

45,000 59,000 70,500 82,700 

Solids Loading 
(lbs TS / sq ft / day) 

6 8 9.5 12 

Hydraulic Loading2 
(gpd / sq ft) 

72 (115 – 230) 96 (150 – 300) 115 (180 – 360) 134 (210 – 410) 

1 Proportional to plant flows from current solids at an AAF of 1.9 MGD 
2 Using annual avg 1% combined total solids feed to the GST; values in ( ) are during intermittent sludge pumping to GST 
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Although the plant experiences some difficulty with the current GST performance (excess solids in the GST overflow 

to plant recycle, i.e. low solids capture, as well as more dilute underflow than desired), Table 7 indicates the existing 

GST would be appropriately sized (in terms of diameter and sidewater depth) for the projected solids production up to 

3.5 MGD based on the loading criteria in Table 6. Additionally, a thickened underflow solids performance of ~3 % is 

reasonable to expect at the current and projected solids loading rates given a blended primary and secondary sludge. 

To maintain, or slightly improve, the GST performance, dilution water should be considered. Typically, a total hydraulic 

loading rate (sludge flow + dilution water) should be about 200 gpd/sf, thus at current loadings, the dilution water rate 

should be around 50 gpm but can be decreased as the sludge flows increase. To raise the thickened sludge underflow 

concentration reliably above 3-4%, mechanical thickening technology would be required (gravity belt; centrifuge; rotary 

drum screen).  

 

Digester Performance 

 

Digester volume requirements are based on volatile solids loading (solids applied per unit volume) and solids retention 

time (SRT) in the digester. Typical “high rate” anaerobic digester loading criteria and the current loadings are included 

in Table 8. “High rate” operation assumes sufficient digester heating (mesophilic temperature range) is maintained and 

complete mixing is provided. 

 

Table 8:  Typical and Recent Digester Loading 

Parameter Typical Values1 Current (1.9 MGD) 

Digester Design Loading 
(lbs VS / cu ft / day) 

0.12 – 0.16 0.08 

Digester Solids 
(Hydraulic) Retention 

Time (days) 
15 – 20 19.8 

1WEF MOP-8 Design of Water Resource Recovery Facilities, 6th Edition 

 

 

Table 8 indicates that the digester volatile solids loading is currently lightly loaded, and a solids retention time (SRT) 

of about 20 days. The plant must comply with Class B biosolids requirements. This includes treatment through 

anaerobic digestion (PSRP process), maintaining minimum 15 days SRT; and vector attraction reduction through 

minimum 38% volatile solids reduction. These requirements are met under the current operating conditions. The 

digester SRT is directly affected by the percent solids of the thickened feed sludge to the digester: to increase the 

digester SRT, the sludge flow rate needs to be reduced by increasing the percent solids, i.e., improve thickening 

performance. 

 

Table 9 shows the projected solids loading to the existing digester as the plant flows reach the permitted capacity (2.5 

MGD), and at plant expansions to 3.0 MGD and 3.5 MGD, respectively. Similar to Table 7 for the GST, the total feed 

solids values (lbs/day) shown in the first row of Table 9 assumes a flow-proportional increase in solids quantities over 

the recent average solids production at the plant (based on about 1.9-2.0 MGD ADF). 

 

 

 

 

 

 



  
  

Town of Warrenton, Virginia │ WWTP  Page 17 
Solids Handling Facilities Upgrade and Expansion February 2020 (rev March 2022) 

  

N:\18667-000\Reports\1_Solids Handling Facilities Report 2020 (2021)\Warrenton WWTP - Solids Handling PER - Feb 2020 (rev Mar 2022).docx 

 

Table 9:  Projected Digester Loadings w/Existing Digester 

 Annual Average Daily Influent Flow (MGD)  

Parameter Current (1.9) 2.5 3.0 3.5 

Total Feed Solids1  
(lbs total solids / day) 

3,700 4,900 5,900 6,900 

Volatile Feed Solids 
(lbs VS / day) 

2,600 3,500 4,200 4,900 

Digester Volumetric 
Feed Rate2 

(gallons per day) 
14,700 19,600 23,500 27,400 

Digester Solids Loading 
(lbs VS / cu ft / day) 

0.08 0.11 0.13 0.15 

Digester Solids 
(Hydraulic) Retention 

Time (days) 
17 13 11 9 

 1 Proportional to plant flows from current solids at an AAF of 1.9 MGD 
2 Using annual average 3% total solids in the thickened sludge feed to digester 

 

 

From Table 9 the existing digester volatile solids loading would remain within a typical design range up to a plant 

design flow of 3.5 MGD; however, the SRT would be well below the 15-day minimum requirement. Also, as flows 

approach the current permitted design of 2.5 MGD the SRT would likely be close to, or below, 15 days. As mentioned 

above, the digester SRT could be increased by improving sludge thickening, or additional digester volume could be 

provided. This is discussed further in Section 3. 

 

Sludge Dewatering Performance 

 

Digested sludge is transferred and stored in the sludge holding tank (“secondary digester”) before dewatering.  A new 

1-meter belt filter press was installed in 2012 to replace the previous unit. While the expected sludge flow to the new 

press was in the range of 50-100 gpm, the plant has not been able to feed more than about 30 gpm without 

compromising on the final cake dryness. Currently, the belt filter press is operated 7-10 hours per day, 5 days per 

week. As plant flows increase and additional digested solids have to be dewatered, the dewatering operations will need 

to go to two (2) full shifts, and/or operate on weekends. At a plant expansion to 3.0 MGD and 3.5 MGD, the Town may 

consider upgrading to a 2-meter belt filter press to increase throughput capacity and reduce the operating time. 
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3 SOLIDS HANDLING UPGRADE EVALUATIONS 
 

Near-term and future upgrades to the solids handling facilities are discussed in this Section.  

 

3.1 Gravity Sludge Thickening 
 

From Section 2, the existing GST was found to be performing as expected and is appropriately sized for solids loading 

projections up to 3.5 MGD. However, the plant has recently experienced difficulty in settling the sludge in the GST 

resulting in diluted sludge to the digester and causing excessive carry-over solids in the GST overflow. This reduces 

the solids capture and results in increased levels of in-plant solids recycle. This in turn has caused poor settling in the 

primary clarifiers and thus exacerbating the problem. The plant has started to add polymer to primary clarifiers and the 

GST influent and is considering also adding metal salt (PACl).  

 

There is significant buildup of floatable debris which blinds the overflow weirs and traps solids. On a quarterly basis 

the cover is removed, and the debris is cleaned out (contract operation). Improving the influent screening could alleviate 

some of this and sludge screening (both primary and secondary sludges) is another option. The sludge screen would 

be housed in an adjacent building and tie into the GST sludge feed line. Example of sludge screen equipment is 

included in Appendix B. Currently the primary and secondary sludges are pumped intermittently to the GST. Ideally, 

the sludges would be blended and then pumped at a constant rate continuously to the GST. At the future plant 

expansion new primary clarifiers would replace the existing four (4) units and one of the existing units could be 

converted to a sludge blending and holding tank.  

 

Due to its age and the plant’s operating experience, the GST needs a complete refurbishment including replacement 

of the sludge collection mechanism, center access bridge, cover, and concrete repairs, where needed. The ability to 

add dilution water should be considered, as well as provisions for chlorine addition. The Town has recently issued a 

construction contract to perform this work and should be completed in 2023. 

 

3.2 Sludge Thickening and Digestion 
 

As shown in the previous Table 8, the digester solids retention time (SRT) is estimated at 20 days at the current solids 

loading based on the current average plant flow of about 1.9 MGD, which provides for reliable operation for Class B 

sludge stabilization. As plant flows gradually approach the permitted average design flow of 2.5 MGD, the solids loading 

and sludge flow to the digester will increase. As a result, the SRT in the existing digester will decrease and will likely 

be below the minimum 15 days required by the permit for Class B anaerobic digestion. For a plant expansion scenario 

to 3.0 MGD and above, the SRT in the existing digester will be inadequate (10 days or less, per Table 9). 

 

There are two options to increase the digester SRT: 

 

• Reduce the sludge flow rate (volume) by increasing the thickened sludge underflow % solids 

• Provide additional digester volume 

 

Sludge Thickening: As discussed in Section 2, the existing GST appears to be performing as well as comparable 

GSTs that thicken co-mingled primary and secondary sludges, producing about 3% underflow total solids (TS). Based 

on the size of the existing GST, the solids and hydraulic loadings both at current operations and even under future 

expansion scenarios, are within typical design ranges (Tables 6 and 7). The existing GST performance could be 

improved step wise, possibly achieving 4% TS in the thickened solids, by adding diluting water and possibly chlorine. 
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Also, adding diluting water and/or chlorine could reduce the overflow solids in the GST, thereby reducing the solids 

that recycle through the plant. If 3.5 to 4% thickened sludge can be achieved, the minimum SRT of 15 days could be 

met in the existing digester at the permitted design flow of 2.5 MGD. However, thickening to 4% TS would not be 

sufficient to meet the minimum 15 days SRT in the existing digester at projected solids loadings above 3.0 MGD. At 

least 5% and 6% TS thickened sludge would be needed to provide only marginally more than 15 days of SRT in the 

existing digester at 3.0 MGD and 3.5 MGD, respectively. Thickening the sludge to an average of 6% TS could be 

problematic for the existing digester gas mixing system. 

 

To reliably improve thickened solids above 4% TS, mechanical sludge thickening would be needed along with chemical 

(polymer) conditioning. Gravity belt thickeners (GBT) and rotating drum thickeners (RDT) are two mechanical 

thickeners that could produce 5-6% TS thickened sludge with blended primary and secondary sludges, and likewise 

for a centrifuge. Examples of sludge thickening equipment (GBT and RDT) is included in Appendix B. 

 

The main advantage of mechanical thickening over a GST is more reliable thickening performance at higher percent 

solids. Disadvantages of mechanical thickening are higher cost (building, thickening equipment, pumps, chemicals, 

maintenance); and more operator attention. Another disadvantage is the need for sludge holding before and after 

thickening since the thickening equipment is typically not operated continuously, unlike a GST.  

 

In general, conversion to mechanical thickening at Warrenton WWTP would require: 

 

• Removal of the existing GST 

• Redundant mechanical thickening units installed inside a new thickener building along with a polymer 

storage and feed system, and the necessary feed and transfer pumps 

• A sludge holding tank to hold primary and secondary sludges when the thickener is not operating. Typically, 

the sludge holding tank would provide 2-3 days of holding capacity  

• A thickened sludge holding tank to buffer the feed to the digester. Typically, the thickened sludge tank 

would provide 1-2 days of holding capacity 

 

Additional Digestion: Alternatively, additional digester volume could be provided with the current sludge thickening 

process. This would leave the existing GST in operation, possibly with the addition of diluting water and chlorine to the 

GST influent, as well as the needed equipment replacements due to its current condition. The existing digested sludge 

holding tank (“secondary digester”), although it has a smaller volume, could be converted to a primary digester and 

upgraded with heating and mixing equipment. But adding a second primary anaerobic digester (similar size to the 

existing digester), and keeping the existing holding tank, would be preferred. 

 

Table 10 shows the total digester loadings with a new second digester, similar in size to the existing, at the design 

permitted flow of 2.5 MGD and at plant expansions to 3.0 MGD and 3.5 MGD. 
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Table 10:  Projected Warrenton WWTP Digester Loadings with Second Primary Digester 

 Annual Average Daily Influent Flow (MGD)  

Parameter 2.5 3.0 3.5 

Total Feed Solids1  
(lbs total solids / day) 

4,900 5,900 6,900 

Volatile Feed Solids 
(lbs VS / day) 

3,500 4,200 4,900 

Digester Volumetric 
Feed Rate2 

(gallons per day) 
19,600 23,500 27,400 

Digester Solids Loading 
(lbs VS / cu ft / day) 

0.05 0.06 0.07 

Digester Solids 
(Hydraulic) Retention 

Time (days) 
25 21 18 

 1 Proportional to plant flows from current solids at an AAF of 1.89 MGD 
2 Using annual average 3% total solids in thickened feed to digester 

 

With the addition of a second 50-foot diameter primary anaerobic digester, Table 10 indicates there would be enough 

digester SRT at the current thickened sludge concentration of about 3%, i.e. using the existing GST. From a long-term 

planning standpoint having a second digester provides more operational flexibility, redundancy, and robust capacity, 

without having to build new sludge thickening facilities, or push higher thickening performance that may not be reliable. 

The cost for a new digester with control building would be comparable to building new mechanical sludge thickening 

facilities that include thickening equipment and control building, sludge pumps, chemical feed, and sludge holding 

tankage. 

 

3.3 Sludge Dewatering 
 

The existing sludge dewatering belt filter press (BFP) is relatively new. Typical belt filter press design information and 

recent BFP performance are summarized in Table 11. 
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Table 11:  BFP Design and Recent Performance 

Parameter Design Range Current Operation 

Effective Belt Width 1 - 3 meter 1 meter 

Average Volumetric 
Feed Rate to BFP 

30 - 100 gpm 30 gpm 

Average Dry Solids 
throughput for BFP 

300 - 800 lbs / hr / m 240 lbs / hr / m 

Average Solids in BFP 
Feed 

1 - 6% 
(depending on sludge type 

and thickening process) 

1.6% 

Average Daily Volume 
Feed to BFP 

varies 12,600 gpd 

Number of Hours 
Operated per Week 

varies 
50 hrs 

(10 hrs/day, 5 days /wk) 

Dewatered Cake Solids 12 - 20% 
(depending on sludge type) 

13-14% 

 

Based on the recent BFP performance and the projected sludge volumes, Table 12 includes the projected number of 

operating hours for the BFP up to a plant design capacity of 3.5 MGD. 

 

Table 12:  BFP Dewatering Projected Operating Hours 

 Annual Average Daily Influent Flow (MGD)  

Parameter 2.5 3.0 3.5 

Average Volumetric 
Feed Rate to BFP 

30 gpm 30 gpm 30 gpm 

Average Volume Feed to 
BFP 

19,600 gpd 23,500 gpd 27,400 gpd 

Number of Hours 
Operated per week 

76 91 107 

Number of Hours 
Operated per Day @ 5 

days per week 
16 19 22 

 

 



  
  

Town of Warrenton, Virginia │ WWTP  Page 22 
Solids Handling Facilities Upgrade and Expansion February 2020 (rev March 2022) 

  

N:\18667-000\Reports\1_Solids Handling Facilities Report 2020 (2021)\Warrenton WWTP - Solids Handling PER - Feb 2020 (rev Mar 2022).docx 

At the current permitted design flow of 2.5 MGD, the BFP is expected to operate two (2) full shifts, 5 days per week. At 

3.0 MGD and 3.5 MGD, the 1-meter BFP would operate almost continuously for 5 days per week. It is recommended 

at that time, or sooner if desired, to replace the existing belt filter press with a higher capacity (2-meter) unit to reduce 

the operating time. Alternatively, a dewatering screw press may be considered in replacing the BFP. The screw press 

is fully enclosed and has a compact footprint that would fit in the existing dewatering room. It also produces a dryer 

cake, from 18-24%, which would reduce the area required for cake storage and hauling costs. Technical information 

sheets for a typical dewatering screw press are included in Appendix B. 

 

3.4 Dewatered Sludge Storage 
 

Dewatered sludge cake is transferred to the sludge storage area before the cake is periodically hauled off site via third 

party contract operations. The existing storage area consists of an open-air rectangular structure with a mono slope 

canopy roof over a slab-on-ground area separated into 8 approximately equal bays by a series of short concrete walls. 

Each bay is approximately 20 ft wide and 60 ft long. The canopy roof is a steel deck supported by open-web steel joists 

and steel beams and columns. The columns bear on steel base plates with column bases set on top of the short 

concrete walls. 

 

The existing floor slab area is approximately 9,330 square feet on a soil-supported slab-on-ground with perforations 

throughout the slab to allow drainage. The roof support column grid consists of 8 equal bays of approximate 20’-6” 

length each in the structure’s long direction, and 3 equal bays of approximate 18’-4” length in the short direction. 

 

The existing steel framing supporting the roof was observed to be in poor condition. Steel members generally have 

worn-off paint, and moderate rust was observed in several locations. In a few locations, section loss was observed for 

the steel columns, reducing their load-carrying capacity. The existing metal roof deck was observed to be in good 

condition. The roof deck appeared to be newer than the structural framing, and is understood to have been replaced, 

though the approximate date of replacement is not known. 

 

There is a need to raise the roof to allow full access of equipment to load and unload the sludge. The current clear roof 

height is inadequate for full access and operation of the equipment. The plant uses a Caterpillar 926 wheel loader, or 

comparable equipment, within this space. This type of loader has a maximum height of 15.5 feet to the top of the 

bucket; therefore, the new roof will need to have a minimum clearance of 18 feet above the slab-on-ground to allow for 

all working conditions. 

 

There is also a need to increase the sludge cake storage capacity by increasing the structure footprint. The existing 

sludge storage area is bounded by the existing plant road to its east, the existing control building to its south, and the 

R.B.C. treatment units to its north. Therefore, the most practical direction to expand the structure footprint is to the 

west, which abuts to an earthen hill and an existing gravel access road approximately 60 feet beyond the limits of the 

existing storage area. The width of the storage pad could reasonably be increased by 15 feet along its entire length, 

which would increase the overall storage capacity of the area by 20-25 percent. A new retaining wall along the entire 

west face of the storage area would be required to retain soil from the existing hill. The perforated slab-on-ground and 

the knee-walls separating the sludge bays would need to be extended to the new footprint. The retaining wall would 

serve as the new back wall of the sludge storage area. Figure 5 illustrates the existing storage area and the proposed 

footprint expansion. Once the new MBBR treatment process is online, the existing adjacent RBC tankage will be 

abandoned. This would allow for one or two additional sludge storage bays to be constructed to the north.  
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Figure 5 : Existing Sludge Storage Area Site Plan and Proposed Modifications 

 
 

It is not practical to reuse any part of the existing structural frame due to the condition of the existing framing, the 

unknown load capacity of the existing framing members, and the cost and complexity associated with adding column 

splices to raise an existing in-place roof and adding members to increase the canopy footprint. While the existing roof 

deck is generally in good condition, it is also not practical to attempt to reuse the roof deck. 

 

N 
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The new canopy roof system will be supported by vertical columns that will likely be placed on their own new piers and 

footings, rather than setting the columns on the existing walls as they are currently. It would be difficult to get the 

bearing connection of the new column on the existing walls to work structurally, especially without base building 

drawings for the original walls. The canopy roof overhang dimensions should be extended to account for the increased 

height to prevent precipitation from reaching the sludge storage slab at an angle. Also, it is feasible and recommended 

to clear span the roof framing structure across the entire sludge storage area in the short direction to eliminate all 

interior columns within the space. This will increase maneuverability of the vehicles within the sludge storage area and 

prevent accidental impacts of the vehicles to the columns. Several replacement roof framing systems may be 

considered: a pre-engineered metal building (PEMB) system; a canvas-type roof structure, and conventional steel 

framing. 

 

Pre-engineered metal building (PEMB) framing – PEMB’s are often the most efficient systems for simple 

structures that have a rectangular footprint and a column grid with uniform spacing. PEMB framing members 

are designed to be optimized by using elements such as tapered columns in which the column cross-section 

changes along the length of the member where additional strength is needed. Members are designed to be 

optimized to be as close to the minimum sizes and material weights as possible while still meeting code 

requirements for strength and specified serviceability requirements. Another benefit of this system for this 

application is PEMB manufacturers perform their own engineered designs for their structures. The A/E 

structural engineer would design the new retaining wall, slab extension, and foundation elements supporting 

the PEMB columns. Although PEMB’s typically use metal roof decks, the PEMB manufacturer may not permit 

the existing deck to be reused for their system or may not warranty the system if the existing deck is reused. 

Therefore, it is recommended to use new deck supplied by the PEMB manufacturer for the entire roof canopy. 

A traditional PEMB supplier for American Buildings, Whitener & Jackson, quoted a rough order of magnitude 

price of $250,000 for a 10,000 square foot roof canopy. By extrapolating the quote to account for the roof 

canopy footprint increase to approximately 12,500 square feet, the cost is estimated to be over $300,000. 

 

Canvas-type roof structure – Similar to the PEMB option, canvas-type roof structures are often an 

economical choice for simple structures. This system differs from the other two options by using a fabric roof 

membrane rather than a metal roof deck. The structure typically consists of a series of I-shaped beams or 

truss-type frames designed to clear span across the space with bridging members between the frames. To 

maintain the simple monoslope roof layout similar to the existing roof, a series of frames comprised of I-shaped 

beams similar to the PEMB layout would be used. Therefore, the only major difference between this system 

and the PEMB is the use of a fabric membrane instead of the metal deck. Manufacturers of this product such 

as ClearSpan can work with a third-party engineer to produce stamped engineered drawings for the project. 

Again, the A/E structural engineer would design the new retaining wall, slab extension, and foundation 

elements supporting the PEMB columns. ClearSpan quoted a rough order of magnitude price of about 

$300,000 for a 10,000 square foot roof canopy, or about $370,000 to account for the roof canopy footprint 

increase to approximately 12,500 square feet. 

 

Conventional steel framing – This system would be similar to the system currently in place. The roof would 

be a metal deck supported by open-web steel joists and structural steel beams on steel columns bearing on 

existing concrete stub walls. Typically, these members are selected from a catalog of pre-defined shapes and 

are not tapered; therefore, the material usage is not as efficient as that of the PEMB’s. Typically, framing is 

designed by a third-party engineer and supplied by a steel fabricator. Since the steel shapes would not be as 

efficient as those designed by the PEMB or canvas-type roof structure to achieve the same structure, this 

option is not recommended. 
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All three roof framing options are viable solutions to increase the height of the roof over the sludge storage area. The 

pre-engineered metal building (PEMB) solution is the recommended option because it is anticipated to have the lowest 

cost of the three options and because mono slope canopy roofs for rectangular footprints is a common application for 

this system. 

 

The heights of the perimeter walls along the sides and rear elevation of the sludge storage area should also be 

increased. The higher walls will keep the sludge in the storage area and will protect the sludge from the elements. 

Currently the concrete walls extend approximately 2’-6” above the ground-floor slab. Higher walls are currently created 

using loose-laid wood boards between small wide-flange steel posts. The required height of the side walls will be 

defined by the maximum desired height of the sludge piles. The required height of the back wall will be defined by the 

grade of the retained soil. Since the higher walls will be subject to greater lateral loads from wind forces and pressure 

from sludge piled against the walls, the best solution would be to demolish the existing perimeter walls and foundations 

and to build new walls and wall footings specifically designed for the new loads.  

 

Alternatively, height could potentially be added to existing side walls by adding cast-in-place concrete or concrete 

masonry units (CMU) on top of the existing concrete walls. The existing concrete walls are typically 8 inches wide, so 

stacking 8” CMU on the concrete walls could be an effective and cost-efficient option if wall height will only increase 

by a few feet. However, the existing walls and their foundations would need to be structurally analyzed and possibly 

reinforced for the increased lateral forces from wind forces and lateral pressure from the higher sludge piles. If existing 

drawings for the sludge storage area are not available, then cost of testing required to determine existing conditions to 

justify re-use of the existing short walls and the cost of reinforcing the existing structure (if required) may be more 

expensive and time-consuming than simply building new walls. 

 

3.5 Biosolids Management and Disposal 
 

The current anaerobic digestion process at Warrenton WWTP is permitted as an EPA 503 Process to Significantly 

Reduce Pathogens (PSRP) that produces Class B biosolids for land application, with the requirement that the sludge 

in the anaerobic digester is held for at least 15 days (pathogen reduction) and achieving at least 38% volatile solids 

reduction (vector attraction reduction). 

 

State biosolids regulations are likely to become more stringent in the future. There may be more reporting requirements, 

a higher quality of biosolids required for land application, reductions in land application rates, and restrictions on land 

available for application.  With potentially more stringent biosolids disposal regulations in the future, the flexibility to 

produce Class A biosolids should be considered. Class A biosolids will have fewer restrictions on where they can be 

land applied. Allowable disposal areas include publicly accessible and residential lands. 

 

To achieve Class A quality, the biosolids must undergo one of the EPA 503 approved treatment Processes to Further 

Reduce Pathogen (PFRP) levels. While there are advanced digestion and pre-treatment alternatives that can achieve 

Class A, one of the common methods involves heat drying the (anaerobically digested) dewatered cake to greater than 

90% dry solids. Heat drying will also reduce on-site storage requirements and transportation costs.  Even though 

significant energy (from natural or digester gas) will be required, an evaluation including cost savings in disposal, i.e., 

through beneficial reuse compared to landfilling, could show benefits in Class A heat drying.  

 

The higher the percent solids in the dewatered cake, the less heat energy that must be used to dry the cake. In fact, 

the capital and higher operating costs of new dewatering equipment can potentially be fully offset by subsequent fuel 

savings in the heat drying operation. Therefore, it is common to dewater sludge using centrifuges to increase the 

dewatered sludge solids. The centrifuge would replace the existing belt filter press in a future scenario. 
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There are several sludge dryers available, generally categorized into a direct and indirect type. The direct type dryer 

passes the hot combustion gases across the sludge in a low oxygen environment. The indirect type dryer separates 

the heating medium e.g. heat transfer oil, from the sludge. Indirect dryers are generally less efficient than direct dryers 

but have a better safety record than direct dryers. 

 

A paddle type dryer, depicted on Figure 6, is an indirect dryer that would be appropriate for Warrenton WWTP. A heat 

transfer oil would be heated in a natural gas fired boiler, and the hot oil would be circulated through the hollow paddle 

mixer elements. The paddles rotate to mix the sludge, improving heat transfer characteristics, and to transport the 

sludge through the dryer. Dried biosolids would be conveyed to and stored on-site under cover before off-site hauling. 

 

Figure 6: Paddle Type Indirect Sludge Heat Dryer 

 
 

 

 

The dryer would be housed in a building adjacent to the dewatering process. Part of the existing sludge storage facility 

could be removed to make room for the heat drying facility since less storage area would be required for the dried 

cake. A heat drying facility could be implemented through a turn-key project where a third-party entity would design, 

build and operate the facility for a given contract period, say 20 years. The plant would still operate the anaerobic 

digester(s) with the flexibility to produce both Class B and Class A biosolids. 

 

3.6 Electrical Service Improvements 
 

Since it is not feasible to add the new sludge processing equipment loads to the existing electrical distribution system, 

a new service will have to be extended to the treatment plant if a new digester facility is added in a future plant 

expansion scenario. This service should be sized sufficiently to provide power to the new process equipment loads as 

well as the existing solids handling process equipment loads and with some spare capacity for other future loads. 

 

The nearest point of primary service appears to be located on Waterloo Road, to the north of the treatment plant site. 

From the Waterloo Road location, Dominion Power overhead primary service conductors would follow the treatment 

plant west property line to a power company pad mounted transformer located in the vicinity west of a future new 

digester building. This will need to be confirmed with Dominion Power. From the pad mounted transformer, 480/277-
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volt, 3 phase secondary service conductors would be run underground in a concrete encased ductbank and manhole 

system to a 3,200-amp rated main circuit breaker switchgear located in the electrical room of the future digester 

building. It is anticipated that a new diesel-engine generator set will provide back-up power for the future solids handling 

facilities. 

 

Refer to the electrical site layout on Figure 7 (E-2), for facility and equipment locations. 

 

Figure 7: Electrical Site Plan 

 
 

 

The Switchgear will be equipped with electrically operated, draw-out type main and feeder circuit breakers. The normal 

service main circuit breaker and the backup power main circuit breakers will be electrically interlocked to prevent them 

from both being closed at the same time. The automatic throw-over scheme between the normal power and the backup 

power circuit breakers will be controlled by a programmable logic controller (PLC). In addition to opening and closing 

the normal and backup power circuit breakers, the PLC will also initiate the starting and stopping of the diesel engine 

generator. The PLC will have a battery backup battery uninterruptable power supply (UPS) to keep the PLC powered 

at all times. Protective relays, such as; under voltage, over voltage, lock-out, etc. will be part of the switchgear automatic 

throw-over scheme. A surge protective device, power meter and a touch screen HMI will also be included as part of 

the switchgear.   

 

The electrically operated, draw-out type branch circuit breakers will feed the new Digester Building, the existing 

Digester Building and the existing Plant Control Building 480/277-volt, 3 phase power loads. 
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Dry type transformers will step-down the 480 volts to 208/120 volts and branch circuit breaker panelboards will be used 

for powering lights, receptacles and other miscellaneous single phase loads throughout the new digester building. 

 

Backup power for the new sludge processing loads will be provided by an 800 KW, 480/277-volt diesel engine generator 

set. The generator set will be housed in a weather protective, sound attenuated metal enclosure, have a duel walled 

steel sub-base fuel tank and will be located outdoors adjacent to the Power company pad mounted transformer. The 

fuel tank will be of sufficient size to hold enough fuel for the generator set to provide a minimum of 24 usable operating 

hours at full load. 

 

Refer to the proposed one-line diagram on Figure 8 (E-3).  

 

Figure 8: Proposed Electrical One-Line Diagram. 
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New lighting fixtures will be LED type, suitable for the area in which they are located. Exposed conduit will be rigid 

galvanized steel with a bonded-on PVC coating. Concrete encased ductbank conduits will be Schedule 40 PVC. All 

wire will be soft drawn copper with 600-volt insulation. 
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4 RECOMMENDED FACILITY PLAN 
 

Based on the foregoing review of the existing solids handling facilities, operations and projected solids production as 

plant flows increase and the treatment plant capacity is expanded beyond the current permitted design of 2.5 MGD, 

the following phasing of solids process related upgrades is recommended. 

 

Phase I: Near-term at current flows: 

 

1.) Refurbish existing gravity sludge thickener (GST) including replacement of sludge mechanism, bridge, and 

cover, and repair concrete as needed. The Town is currently (2022) procuring a construction contract for 

this work. 

2.) Consider provisions to add diluting water and/or chlorine to the GST feed. 

3.) Replace existing digester plug valves to improve operability. 

4.) Restore the grade around the perimeter of the building. Replace or repair loose handrails and corroded 

platforms.  

5.) Expand the sludge storage area, if deemed needed, and replace the roof over the new and existing area. 

Phase II: Plant flows approaching 2.5 MGD Permitted Capacity: 

6.) Plan and design for an additional 50 ft diameter primary digester and associated facility. 

7.) A new electrical service and standby power will be required for the second digester facility. 

8.) Upgrade and replace process equipment (heat exchanger and pumps) and electrical MCC for the existing 

digester. 

9.) Consider upgrading the dewatering BFP to a higher capacity unit, or select alternative dewatering 

technology such as a screw press. 

Phase III: Plant Expansion to 3.0 MGD and 3.5 MGD: 

10.)  Depending on the performance of the existing GST when flows exceed 3.0 MGD, consider replacing with 

a larger GST. 

11.)  Further expand the sludge storage area as needed. 

12.)  Depending on biosolids management and future regulations, plan or possibly build a new Class A biosolids 

facility. 

 

 

Figure 9 shows a schematic site plan for the recommended solids handling improvements. 
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Figure 9:   Solids Facility Site Plan 

 
 

 
 

Preliminary planning level construction cost estimates are shown in Table 13 for each of the recommended solids 

facility improvements based on phased implementation. 
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Table 13:  Solids Facility Improvements Planning Level Construction Costs 

Phase 
Item 

Upgrades 
Planning Level 

Construction Costs1 

Phase I $1.0M - $1.5M 

1. Refurbish Existing GST $0.4M - $0.5M 

2. 
Add provisions for Diluting Water 

and Chlorine to GST 
$0.1M - $0.15M 

3. Replace Existing Digester Valves $0.15M - $0.2M 

4. 
Ex. Digester Building and Grade 

Repairs 
$0.1M - $0.15M 

5. 
Expand Dewatered Sludge 

Storage 
$0.35 - $0.45M 

Phase II $7.0M - $8.5M 

6. New Primary Digester No. 2 $4.5M - $5.0M 

7A. New Electrical Power Service $0.9M - $1.1M 

7B. New Standby Power (Generator) $0.5M - $0.75M 

8. 
Equipment Replacement for 

Existing Primary Digester 
$0.75M - $1.0M 

9. 
Expand Dewatering Capacity 
(new BFP or Screw Press) 

$0.5M - $0.75M 

Phase III $1.25M - $1.75M 

10. Replace GST with Larger GST $1.0M - $1.4M 

11. 
Dewatered Sludge Storage 

Expansion 
$0.25M - $0.35M 

Phase III (beyond)  

12. 
Future Class A Biosolids (heat 

drying facility) 
$10M - $12M 

1 Costs do not include Engineering and Administration (2021 dollars) 



  
 

 

 

  
 
 

Appendices 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  
  

Town of Warrenton │ WWTP   

Solids Handling Facilities Upgrade and Expansion February 2020 (rev March 2022) 

  

 

 
 
 
 

Appendix A 
 

Structural Condition Assessment – Field Memo 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  
 

 

 

MEMORANDUM 
 

N:\18560-000\Reports\Solids Handling Upgrades and Improvements PER\Appendices\Warrenton WWTP - Appendix - Structural Condition 

Assessment.docx 

 
Date:  December 17, 2019  

To:  File Work Order Number:  WRA 18560.000 

From:  Brian Barna, PE Contract Number:   

Subject:  Warrenton WWTP – Structural Condition 
Assessment 

Project:  Town of Warrenton WWTP – Solids 
Handling Facilities Upgrade PER 

CC:    

 

 
Background: 
 
Whitman, Requardt and Associates, LLP (WRA) visited the Town of Warrenton Wastewater Treatment Plant site on 
November 20, 2019 to perform a structural condition assessment of the existing digester building, control building, 
sludge storage area, and gravity thickener. This assessment was limited to conditions readily visible on the exterior 
and interior areas of the facility, and the exterior of the digester and the gravity thickener. The assessment did not 
include structural observations of the interior of the digester tank or the floating cover. 
 
Several minor structural and architectural deficiencies were observed during our site visit. We did not observe any 
deficiencies that would be considered critical to the overall structural integrity of these elements. These deficiencies 
generally fall into one of two categories, (1) issues that could have a negative impact on the operator safety or 
serviceability of the building or (2) maintenance issues that could continue to worsen over time if observed deficiency 
is not mitigated or repaired. 
 
Digester Building 
 
The digester building consists of a two-story, cast-in-place concrete structure and a double-heighted digester tank 
extending from the foundation level to the roof. The first floor of the building and the base slab of the digester tank are 
concrete mat slab foundations. The concrete digester walls bear on a continuous wall footing at the digester tank 
perimeter. 
 
See the attached floor plan for the approximate locations of each observed deficiency. 
 

1. A long horizontal hairline crack observed along circular wall of digester tank, approximately 4’ above Upper 
Level slab. This crack should be repaired by injecting epoxy adhesive into the crack. 
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2. A long vertical hairline crack observed on circular wall of digester tank, extending from Upper Level slab to 
roof slab. This crack should be repaired by injecting epoxy adhesive into the crack. 
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3. A long horizontal hairline crack observed along circular wall of digester tank, approximately 2.5’ above Upper 
Level slab. This crack should be repaired by injecting epoxy adhesive into the crack. (Similar to Photo #1) 
 

4. Vertical cracks observed at intersections of masonry walls, extending from Upper Level slab to roof slab. 
These cracks should be repaired by injecting epoxy adhesive into the cracks. 
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5. Hairline cracks were observed in Upper Level slab between valve operator floor stands. These cracks should 

be repaired by injecting epoxy adhesive into the cracks. 

 
 

6. At concrete stair landing above main entrance, chains are used instead of guardrails. OSHA Standard 
1910.29(b)(10) states, “[w]hen guardrail systems are used at hoist areas, a removable guardrail section, 
consisting of a top rail and midrail, are placed across the access opening between guardrail sections when 
employees are not performing hoisting operations. The employer may use chains or gates instead of a 
removable guardrail section at hoist areas if the employer demonstrates the chains or gates provide a level 
of safety equivalent to guardrails.” We recommend to replace the chains with either a permanent or a 
removable guardrail, dependent on if this section needs to be removable for hoisting operations. 
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7. A severe horizontal mortar joint failure was observed along the entire north wall. A continuous steel relieving 
angle lintel is aligned with this joint. The lintel was observed through the joint and appears to be rusted and 
delaminated. The joint appears to be likely too wide to be repaired with mortar. Recommended repair is to 
route out the existing mortar joint, then insert a backer rod into the joint and seal the exterior of the joint with 
a flexible sealant. 
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8. The grating at the exterior ramp was loose and not attached to support structure. This creates a hazardous 
walking surface. The grating should be fastened to the structural supports on each side of the ramp. 
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9. The mortar joints between most of the precast concrete parapet cap units have failed, causing openings 
between the units and uneven elevations. Recommended repair is to repoint all mortar joints between 
precast concrete parapet caps. 

 
 

10. Cracking and spalling was observed at the wall opening to access the top of the digester from the exterior. 
Crack aligns with the joint between the digester concrete wall and the brick façade. Recommended repair is 
to patch spalls with repair mortar and to route and seal the crack. 
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11. The concrete brick shelf corbel extending from digester walls was exposed in several locations around the 
perimeter of the building. Typically this brick shelf would be below grade so the bottom of the brick façade 
would terminate below grade where it would not be seen. The visible brick shelf is primarily a cosmetic 
deficiency; however, the fact that so much of the brick shelf is exposed could be evidence of grading erosion 
caused by slope stability issues of the steeply-sloped grade. 

 
 

12. The bottom of footing supporting the exterior grating ramp was exposed. Also, there is an approximately 18” 
drop in elevation from the base of the metal ramp to the adjacent grading, which is a serviceability issue. The 
base building drawings indicate a design of a 2” elevation difference between top of footing and top of grade. 
The subgrade under the footing should be restored, and the soil at the end of the ramp should be re-graded 
to eliminate the elevation drop. These elevation issues are additional evidence of grading erosion in this 
area. 
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13. Spalls with exposed rebar were observed at two locations at the underside of the concrete beam. These 
spalls can be repaired with a patching mortar. 
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14. A temporary screw-jack shoring post was supporting the pipe fitting. This shoring post should not be used as 
a permanent support for the pipe. The pipe should either be hung from the structure above or supported by a 
permanent post supported by the first floor slab. 
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Control Building 
 
The control building is a rectangular building with a two-story portion and a one-story portion. The roof of the two-story 
structure typically consists of metal deck on open-web steel joists on concrete masonry unit bearing walls. The second 
story framing supporting the sludge press equipment consists of a cast-in-place concrete slab supported by concrete 
beams and columns. The low roof area over the one-story portion consists of metal deck on open-web steel joists on 
concrete masonry unit bearing walls. The entire structure bears on shallow wall and column footings. The first floor is 
typically a soil-supported slab-on-ground. 
 
See the attached floor plan for the approximate locations of each observed deficiency. 
 

1. Cracks were observed through bricks at the window sill and vertical bricks near window jamb. Damaged 
bricks should be removed and replaced in kind. 
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2. The steel lintel on all three sides of open drive-in area for trucks to receive sludge is rusted. Recommended 
repair is to remove rust with a wire brush, then paint steel with a zinc-rich paint for protection. 
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3. The two downspouts from high roof scuppers are rusted. Recommended repair is to remove existing 
downspouts and replace in kind. 
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4. The structure supporting the maintenance platform above tank is severely rusted and should be replaced in 
kind. Handrails and top support for ladder are also rusted and should either be scraped with a wire brush and 
repainted or replaced in kind. 

 
 
5. North Elevation: The louver on the north elevation is rusted. Recommended to remove louver and replace in 

kind. Clean rust stains from brick façade. 
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6. East Elevation: Top of brick veneer has spalled under concrete sill at Second Floor overhead door. 
Recommended to remove damaged bricks and replace in kind, then seal joint between concrete sill and brick  
below with a flexible joint sealant and backer rod. 

 
 
7. East Elevation: Anti-slip stair treads embedded in exterior concrete stairs have cracked and failed. Remove 

all existing stair treads and replace in kind. 
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8. East Elevation: The end of the concrete curb has completely detached from the structure, exposing the 
sleeve for embedded handrail pipe. Repair end of curb with new cast-in-place concrete formed in place and 
doweled into existing concrete structure. 
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9. South Elevation: Rusted exterior pipe at gas meter. Remove and replace in kind. 
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10. South Elevation: Handrails attached to brick walls at each side of entrance are loose. Replace post-installed 
fasteners of handrail connections into brick facades for a minimum allowable load capacity of 200 pounds. 

 
 
11. Building interior, First Floor: Water stains were observed on a few of the ceiling tiles. Recommended action is 

to confirm there are no active leaks above the stained ceiling tiles, then replace stained ceiling tiles in kind. 
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12. South Elevation: Vertical brick cracks were observed at intersections of east and west walls above low roof 
area. Recommended repair is to route out cracks and fill with flexible sealant. 

 
 
13. South Elevation: Rusted flashing at base of brick veneer above low roof area. Recommended repair is to 

scrape rust off of flashing with a wire brush and paint with a zinc-rich paint for protection. 
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14. Building interior: The roof hatch hardware was rusted and difficult to operate. Recommended repair is to 
replace hardware. 

 



  
 
 
 

 

December 17, 2019 Page 21 18560-000 

  

N:\18560-000\Reports\Solids Handling Upgrades and Improvements PER\Appendices\Warrenton WWTP - Appendix - Structural Condition 

Assessment.docx 

Sludge Storage Area 
 
The sludge storage area is an open-air rectangular structure with a monoslope roof sloping from its high point at 
the front of the building to its low point at the rear of the building. The slab area is approximately 9,330 square feet, 
separated into 8 approximately equal bays by short concrete walls. The roof is a steel deck supported by open-
web steel joists and steel beams and columns. The columns bear on steel base plates on top of the concrete walls. 
 
The structure is of the same typical layout and condition throughout, so observations will be made describing typical 
conditions for the structure. Base building drawings for this structure were not available for our condition 
assessment. 
 
1. Above the short concrete walls, the two perimeter side walls and the back wall had higher walls comprised of 

loose-laid wood members between small wide-flange steel posts. A few intermediate walls also had the 
higher wood separation. These loose-laid members leave gaps where the sludge could escape the storage 
area, especially given the desire to increase storage capacity by piling sludge higher. Consider building 
higher walls out of concrete or masonry, especially for the perimeter walls. 
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2. Steel members generally had paint worn off and moderate rust in several locations. In a few locations, 
section loss was observed for the steel columns, reducing their load-carrying capacity. For the modification 
to raise the roof height, re-use of the existing steel should not be considered due to the condition of the 
existing steel and the complexity associated with raising the existing roof. Use a new structural frame to 
support the new raised canopy roof. 

 
 

3. The existing metal roof deck was observed to be in good condition – it appeared to be newer than the 
supporting structure. Interviews with personnel at the WWTP confirmed that the roof deck had been 
replaced, though the date of replacement was unknown. One employee stated the roof was replaced in the 
late 1990’s; a second employee stated the replacement occurred within the last 10 years. It is feasible that 
the metal deck could be re-used if a new steel structure is chosen to support the new higher roof. 
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4. Along the front of the sludge storage area, the openings for each bay of the short concrete wall were cut after 
the fact, based on observations of exposed rebar ends and aggregate at the edges of the walls. We 
recommend parging the cut ends of each wall with a patching mortar to smooth the wall edges and to protect 
the steel reinforcement. 
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Gravity Thickener 
 
The existing gravity thickener structure consists of a fiberglass dome supported by concrete walls supported by a 
concrete mat foundation. We observed the above-grade exterior of the existing gravity thickener. Since most of 
the structure is located underground, only a small portion of the structure was visible and the observed portion of 
this structure was unremarkable. No deficiencies were observed. 

 
 
 
 
 
Sincerely, 

 
_________________________________________ 
Brian Barna, P.E. 
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Appendix B 
 

Solids Handling Process Equipment 
 

Sludge Screen 
Gravity Belt Thickener (GBT) 

Rotary Drum Thickener (RDT) 
Dewatering Screw Press 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



HUBER Sludgecleaner StRainpRESS®

– Continuous screening, dewatering and transport of coarse
material in one operation

– Removal of coarse material from municipal sludge and
industrial process water

WASTE WATER Solutions

Struck, Per
Typewriter
Sludge Screen



    

➤➤➤ Design and function
the StRainpRESS® is a horizontal cylindrical coarse
material separator which consists of inlet and screening
zone, press zone, and a discharge section. 
a pump presses the unscreened liquid through the
screening zone and delivers the screened liquid to further
process steps. the coarse material which is retained on
the cylindrical screen is stripped off by a coaxial screw
and pushed through the press zone where the material is
extensively compacted and dewatered. the screw
operates only when the pressure sensors detect a
differential pressure caused by screen surface blinding.
the compacted material is pressed through a gap around
a hydraulically operated pressure cone which closes part
of the pipe end and builds up counterpressure. the
counterpressure of the cone is automatically regulated
inversely proportional to the screw motor load.
the system does not need any wash water as
backwashing of the screen is unnecessary. 
the perforation and design of the screw shaft are
individually adjusted to optimally suit specific
requirements.

➤➤➤ Features and benefits
➤ pressure-fed (inline) system for process water and any

type of sludge including highly viscous and grease
containing sludge

➤ increases the operating reliability of downstream
sludge treatment systems, such as thickening,
disinfection, stabilisation, dewatering, drying, and
reduces maintenance requirements

➤ For various applications perforations of 2 to 10 mm,
different screw geometries and different material
qualities are available

➤ Reliable cleaning of the screen without any wash
water

➤ pressure-dependent control of the screw shaft
combined with the pressure cone regulation system
allows for unattended automatic operation even with
varying flow rates

➤ Dewatering of separated coarse material to approx.
40% DR

➤ 2 sizes for throughput capacities up to 200 m³/h
➤ More than 1000 successful installations worldwide 

a inlet for liquid sludge or water to be filtrated
b outlet for screened sludge or filtrated water
c discharge of compacted coarse material

Ua

Ub

Uc



WASTE WATER Solutions  

➤➤➤ Easy maintenance
the complete casing, perforated plate and screw shaft 
of the HUBER Sludgecleaner StRainpRESS® are made of
corrosion-resistant 1.4307 (aiSi 304L) stainless steel. 
the screw flights are reinforced with tungsten carbide for
wear protection. the machine can be split in the middle
and one half of the machine moved for maintenance. 
this allows for example to replace the perforated plate
and install a screen insert with a new perforation size.

➤➤➤ Examples

Sludge screening on WWTP Athens, Greece Outdoor installation of a HUBER Sludgecleaner STRAINPRESS®

➤➤➤ throughputs

STRAINPRESS® with heatable casing pipe Screen for the removal of fermentation residues

Splittable casing

Screen size Throughput capacity [m3/h]
with 5 mm screen perforation

and 3% DS

Screenings volume [l/h] 
with 35 - 45% DS

Drive [kW] Dimensions [m] 
L x W x H

290 <=75 <=1000 2.2 3.6 x 0.7 x 1.0

430 <=160 <=2000 3 4.5 x 0.8 x 1.4



WASTE WATER Solutions

Separated material: paper, wood, plastic, foils, rubber, textiles, etc.

Discharge of the separated dewatered material

➤➤➤ StRainpRESS® applications
the StRainpRESS® is used for liquid sludge screening or
filtration of service or process water under pressure.
Examples for coarse material separation from:
➤ primary sludge
➤ secondary sludge
➤ mixed sludge
➤ septic sludge
➤ floating sludge
➤ grease sludge
➤ digested sludge
➤ production wastewater and industrial sludges
➤ circulation and process water 

HUBER SE
industriepark Erasbach a1 · D-92334 Berching
phone: +49 -84 62 -201 -0 · Fax: +49 -84 62 -201 -810
info@huber.de · internet: www.huber.de

Subject to technical modification
0,1 / 12 – 3.2020 – 1.2004

HUBER Sludgecleaner StRainpRESS®



Komline-Sanderson’s Gravabelt® gravity belt

thickener is designed to obtain high volume

reduction and high hydraulic throughput at

a low polymer dose. The design provides for

low maintenance costs and long operational

life in the highly corrosive environment of

sludge thickening.

The Gravabelt delivers pumpable thickened

sludge. Our flatbed design provides high

capture rates using less polymer than rotary

designs.

A fully enclosed Gravabelt,

pictured right, is also available.

Gravabelt®
Gravity Belt Thickener

Struck, Per
Typewriter
Gravity Belt Thickener



1
2

3

5
6

7 8

4

8765 The

discharge hopper can be directly

connected to a thickened sludge

pump eliminating the need for an

intermediate storage tank with

level sensors used to operate the

thickened sludge pump.

Discharge Hopper -
The

frame is heavy duty hot-dip

galvanized carbon steel channel

welded and/or bolted. Stainless

steel is also available. All fasteners

are stainless steel and the conduit

is PVC coated. Cylinders are

constructed of composite materials

to eliminate corrosion.

Frame Construction and
Corrosion-Resistant Features -

Expected

belt life is 2000-3000 hours

depending upon the feed material

being processed. Replacement

time is less than an hour and no

machine disassembly is required.

Dewatering Belt -All bearings are a

split pillow block, double-row

spherical roller design. They lie

outboard of the process stream,

are regreasable, and are nylon

coated. For our standard two meter

machine the minimum L-10 life is

equivalent to over 135 years of

continuous service.

Bearings -

2 Roto-Kone® Elements -
Roto-Kone elements lift and

decelerate incoming sludge

creating a head which turns the

sludge to enhance separation.

Roto-Kone stations are placed in

several locations along the entire

length of the belt. The elements

rotate, reducing rag hang-up, and

self adjust to maintain contact with

the belt. They can be lifted to

precisely control final cake solids.

1 Feed Section - Polymer is

injected through a multiport ring

and mixed with the sludge via a

non-clog variable orifice mixer in

the feed line prior to entering the

flocculation tank. Coagulated

solids form in the flocculation tank

and overflow onto the dewatering

belt in a smooth, gentle stream,

minimizing floc shear.

3 Belt Support/Wiper Bars - The

dewatering belt is supported on

abrasion-resistant, replaceable

polyethylene wipers to enhance

dewatering by constantly breaking

the liquid surface tension. Wipers

can be rotated providing multiple

wear surfaces.

4 Side Seals - Replaceable

rubber side seals prevent sludge

from spilling off the sides of the

moving drainage belt. A clamp is

used to hold these seals in place

for easy removal and installation.

Gravabelt: Gravity Belt Thickener

KS-VFBD-2007

12 Holland Ave.
Peapack, NJ 07977-0257

www.komline.com
(908) 234-1000



WASTE WATER Solutions

ROTAMAT®
Screw Thickener RoS 2

Screw thickener for municipal and industrial sludge

– compact and entirely enclosed
– efficient and reliable operation with minimum operator

attendance
– low operation and maintenance costs
– made of stainless steel, pickled in acid bath

Struck, Per
Typewriter
Rotary Drum Thickener



WASTE WATER Solutions

HUBER TECHNOLOGY, Inc.
9735 NorthCross Center Court STE A · Huntersville, NC 28078
Phone: (704) 949 -1010 · Fax: (704) 949 -1020
huber@hhusa.net · http://www.huber-technology.com

Subject to technical modification
0,0 / 7 – 11.2012 – 2.2005

ROTAMAT®  Screw Thickener RoS 2

➤➤➤ Features
Thin sludge is pumped to the flocculation reactor of the
screw thickener. A polymer station prepares a polymer
solution from powder or liquid polymer. The diluted
polymer is introduced through a dosing ring into the feed
sludge, and is intensively mixed with the sludge in a static
inline mixer.
Strong sludge flocs are formed in the agitated flocculation
reactor where the flocculated sludge overflows into the
screw thickener.
The screw thickener is comprised of an inclined wedge
section basket with a 0.01” (0.25 mm) spacing. A screw,
slowly rotating with variable speed, conveys the sludge
gently upward through the inclined basket. Water drains
through the basket. The screw flights are provided with a
brush for continuous internal cleaning of the wedge
section basket. Periodically the wedge section basket is
also cleaned with spray water from the outside. Spray
bars rotate around the basket, but within the machine. 
The screw pushes the thickened sludge to the upper end
of the wedge section basket where it drops through a
chute into the thickened sludge pump that forwards it to
further treatment.

➤➤➤ Benefits
➤ Coarse material does not impair the machine and its

operation
➤ Fully enclosed system prevents odor nuisance and

health & safety hazards
➤ No noise, no vibration
➤ No need for wash-down 
➤ Little operator attendance due to fully automatic

operation
➤ Polymer and wash water consumption
➤ Low operating costs
➤ Little wear and maintenance
➤ Made of stainless steel, pickled in an acid bath for

perfect finishing and corrosion protection

➤➤➤ Performance
➤ Thick sludge solids: 4 to 8 %*
➤ Hydraulic capacity:  Up to 350 gpm (80 m3/h)**
➤ Solids capacity: Up to 1,600 lb/h (720 kg/h)**
➤ Solids capture rate: > 95 %*
* common municipal wastewater sludge
** per screw thickener
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HUBER Screw Press Q-PRESS®

The new generation of our well-proven sludge dewatering press 
 – even more efficient
– increased reliability of operation
– optimized operating costs
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Dewatering Screw Press



    

a sludge inlet
b filtrate outlet
c auger with increasing

shaft diameter and
decreasing gap
between its flights

d filter basket with decreasing bar
spacings, axially dividable as an
option

e washing system with separately
controllable spray nozzle areas

f pneumatic cylinders for maintaining a
continuously adjustable pressure of the
discharge cone

g press sludge discharge
h energy-efficient drive 0.2 – 1.5 rpm

Ua

Ub

Uc

Ud
Ue

Uf

Ug

Partial section of a HUBER Screw Press Q-PRESS®

➤➤➤ Sludge dewatering
Flocculated sludge is pumped into a cylindrical screen
basket wherein an auger slowly rotates. The diameter of
the auger’s shaft increases towards the end of the basket
and the gap between its flights decreases. The volume
between basket, shaft and flights continuously decreases,
and the pressure thus increases, as the sludge is moved
through the basket. Sludge water is pressed through the
basket’s screen.
The auger pushes the increasingly thicker sludge towards
the annular clearance, defined by a circular opening and
an adjustable discharge cone therein. The cone is pressed
against the opening by pneumatic cylinders, thus main-
taining a defined sludge pressure at the discharge end.
Scrapers on the screw shaft permanently clean the filter
basket from the inside. A stationary spray bar backwashes
it periodically and segment by segment from the outside
without interrupting the dewatering process.

➤➤➤ Innovation
Energy efficiency:
The screw drives exceed the current energy efficiency
standards of electric motors. Due to maximised electrical
efficiency the HUBER Screw Press Q-PRESS® can therefore
be operated with higher solids throughputs.

Dewatering results:
Unique scrapers on the screw shaft permanently and
reliably clean the inner filter surface with every rotation 
of the screw. Additionally, the scrapers are optimally
arranged to increase cleaning frequency. Free water can
thus very easily run off. As a result, dewatering efficiency
increases and flocculant consumption is reduced.
Due to the significantly enlarged open filter surface filter
baskets with the same bar spacings are able to handle
higher hydraulic loads without impairment of filtrate
quality.
The outside of the filter is cleaned without interrupting
the dewatering process. The predewatering and press
zone can be washed independently of each other.
Rewetting of press sludge through washing is reduced to
a minimum especially in the press zone without neglect-
ing the important washing in the predewatering zone.

Maintenance:
As an option, the three segments of the filter baskets are
available as axially divided segments. Only the upper half
of the basket needs to be removed for maintenance. 
The lower half of the filter basket can be removed from
the screw shaft by means of a special mechanism but
remains inside the filtrate chamber of the Q-PRESS®
during maintenance. This saves a lot of time, reduces
space requirements and the need for using lifting devices
for maintenance.

Uh
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➤➤➤ Advantages
High dewatering  
➤ defined sludge volume reduction in the screw press
➤ continuously adjustable counterpressure at the

discharge end
➤ filtrate discharge enhanced by gravity due to inclined

installation
➤ unique scraper system for permanent cleaning of the

inner filter surface 
➤ significantly increased free filter surface
➤ continuous dewatering

Reliable operation with little downtime
➤ virtually no wear because of < 1.5 rpm screw

rotationspeed
➤ sturdy stainless steel design
➤ dividable filter baskets available as an option
➤ special filter dividing mechanism
➤ easy access through large inspection openings
➤ minimal space requirements for maintenance
➤ simple self-monitoring control strategy
➤ proven in hundreds of installations

Minimum operation costs
➤ outstanding energy efficiency 
➤ specific power consumption < 8 kWh/tDR

➤ little operator attention (< 20 min/day)
➤ high solids capture rate > 97%

Low total investment costs
➤ compact design and small footprint
➤ easy connection of the screw conveyor
➤ optional tube flocculator
➤ integrated support legs
➤ simple control system
➤ vibration-free, virtually noiseless operation
➤ fully enclosed design

HUBER Screw Press Q-PRESS® inclined installation with
optionally dividable screen baskets

Sturdy wedge wire basket made of stainless steel

Stationary mounted screw press for 140 kgDS/h
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➤➤➤ Special applications of the
Q-PRESS®

Dewatering of thin sludges
Due to pump feeding, large volumes of sludge water are
removed already in the pre-dewatering zone. This permits
cost-efficient dewatering of thin sludges with a solids
concentration < 1%.

Benefits
➤ sludge dewatering without the need for prior

thickening
➤ typical dewatering results of 18 – 25% DS
➤ sludge volume reduction up to > 97% in a single step
➤ saves investment and operation costs for preceding

sludge thickening
➤ little operator attention required

Variable sludge characteristics
Dewatering performance is usually impaired and operator
attention increased by frequently varying sludge quality.
Our HUBER Screw Press Q-PRESS® automatically
selfadjusts to over- and underloading. A control loop
makes sure that optimal operation is always maintained.

Benefits
➤ always optimum performance
➤ flexible with varying sludge qualities
➤ minimised operator attention
➤ reliable operation

Size Throughput
[kgTR/h]

Drive
[kW]

Weight 
[t]

280 15 -90 0.37 0.7
440.2 30 - 180 1.5 1.5
620.2 60 - 350 2.3 2.7
800.2 90 - 540 4.1 3.5

Contract dewatering with a trailer-mounted HUBER Screw
Press Q-PRESS®

HUBER Screw Press Q-PRESS® 800.2 for 20 m3/h

HUBER Screw Press Q-PRESS®

➤➤➤ Unit sizes / performance

Subject to technical modification
0,0 / 9 – 1.2016 – 7.2010

HUBER Screw Press Q-PRESS®
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