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TOWN OF WARRENTON WASTEWATER TREATMENT PLANT CAPACITY EVALUATION 
 
 

EXECUTIVE SUMMARY 
 
The Town’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. Currently, secondary biological treatment is provided by a conventional trickling filter (TF) and a Rotating 

Biological Contractor (RBC) process which also provides for the required ammonia removal. The most recent major 

plant upgrade was for Nutrient Removal (total nitrogen and phosphorus reduction) in 2007 – 2009 as part of the 

Chesapeake Bay Restoration Program. 

 

While the plant has historically performed well, the secondary biological treatment facilities (TF and RBC) are 

approaching their useful service life and as plant flows may expect to increase in the future, the Town sought to review 

the current treatment technology and identify improvements to extend the facility’s service life and maintain reliable 

treatment performance. 

 

As such, WRA prepared a Preliminary Engineering report (PER) in July 2016 which recommended the “Moving Bed 

Bio-Reactor” (MBBR) process as replacement for the TF/RBC 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 readily expanded to handle additional flows and wastewater loads. The design of the MBBR process 

is now underway with construction expected to begin in the summer of 2017. 

 

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. The capacity 

assessment would take into consideration the planned MBBR facilities. 

 

For planning purposes, the Town anticipates the need for an additional 0.50 MGD (20% increase) capacity above the 

current rated capacity. 

 

This report provides a capacity evaluation of the existing facilities and the upgrades needed to expand and re-rate the 

treatment capacity to 3.0 MGD average daily flow. In summary, upgrades would include: 

 

 Increase in MBBR tank volume and additional media 

 Improvements to the existing Trickling Filter for peak flow storage 

 Various yardpiping hydraulic capacity Improvements 

 Upgrades to existing Digester No. 2 

 Dewatered sludge storage expansion 
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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 last major plant upgrade in 2007. A single stage trickling filter and conventional rotating biological 

contactors (RBC) provide for organic (BOD) removal and nitrification (ammonia removal), respectively. As these 

facilities are approaching their useful service life and as plant flows may expect to increase in the future, the Town 

sought to review the current treatment technology and identify improvements to extend the facility’s service life and 

maintain reliable treatment performance, both at current and future flows. 

 

At the Town’s request, WRA prepared a Preliminary Engineering Report (PER) in July 2016. This report recommended 

a replacement of the existing trickling filter/RBC biological treatment process with the “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 (existing) secondary clarifiers. 

 

The MBBR process offers several advantages over the TF/RBC: it provides full treatment within a single tank footprint; 

it is not susceptible to biomass washout during high flows; it is simple to operate and maintain; it matches well with the 

existing plant hydraulic gradient; and the treatment capacity can be easily expanded by adding more plastic carriers to 

the existing tankage. The design phase for the installation of the new MBBR process began in December 2016 and a 

construction contract is expected to be awarded this summer. 

 

Daily plant flows have gradually 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 an evaluation of current performance it was deemed 

reasonable that the current capacity could increase to 3.0 MGD. The Town anticipates that an additional average daily 

flow of up to 0.50 MGD (20% increase), above the current permitted flow, may be needed in the foreseeable future 

based on the 2015 Utility Capacity Report, which projected community build-out to exceed the current 2.5 MGD plant 

capacity. 

 

This report serves as a planning document for a capacity re-rating of the existing plant to 3.0 MGD average daily flow 

(ADF), taking into consideration maximizing the MBBR process and other improvements. The report includes an 

evaluation of the existing facilities and summarizes the recommended upgrades to the existing plant if the treatment 

capacity is to increase to 3.0 MGD. 
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It should be noted that if the plant’s permitted flow capacity is increased it is not expected that the current waste load 

allocations will, but rather fixed at the current levels. As such, plant (biological) treatment performance, or removal 

efficiency, will be more rigorous. While this is feasible up to the 3.0 MGD ADF, an expansion in capacity beyond this 

level would most likely require additional treatment technologies, with more operational complexity and 

disproportionate higher cost. 

 

 

2 EXISTING TREATMENT FACILITIES 
 

2.1 Existing Process Configuration 

 

The current plant process flow is illustrated and described below. 

 

 
Warrenton WWTP - Existing Process Flow Diagram (* to be replaced with the new MBBR process). 

 

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 flows to a dosing tank (DT) and into a single stage trickling filter (TF) for BOD removal. 

Due to hydraulic constraints in the influent piping to the TF the dosing tank has an overflow weir that allows partial by-

pass of primary effluent. The TF influent line has a manually operated valve for control of flow to the TF. Effluent from 

the TF and overflow from the dosing tank enter the intermediate plant pumping station where all flows are pumped to 

the Rotating Biological Contactors (RBCs). The RBCs include three parallel process trains, each with seven stages, 

and provide nitrification to comply with the plant’s effluent ammonia limits. RBC effluent flows to the secondary clarifiers 

for suspended solids removal. A mixing/flocculation tank is provided upstream of the secondary clarifiers for addition 

of chemicals for phosphorus removal and improved solids removal. A portion of the RBC effluent is recycled to the 

primary clarifier influent to maintain adequate flow to the TF (media wetting). Secondary (nitrified) effluent is conveyed 

to the denitrification (DN) pumping station and pumped to the tertiary denitrification (DN) filters for total nitrogen removal 
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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. 

 

Sludge from the primary and secondary clarifiers is pumped to the gravity sludge thickener (GST). Thickener overflow 

is returned to the primary influent and thickened sludge is pumped to the primary anaerobic digester. Digested sludge 

is stored in the secondary digester before the sludge is dewatered with a belt filter press. Dewatered sludge is stored 

onsite and periodically hauled out for land application through contract operations. Filtrate, which is high in ammonia, 

is stored in an adjacent holding tank and returned (equalized) at a low constant rate to the primary influent. 

 

The Moving Bed Bio-Reactor (MBBR) process, currently under design, will replace the existing trickling filter and RBCs. 

Primary clarifier effluent will be pumped to the MBBR process. 

 

The following Table 1 provides a summary of the existing plant unit processes. The existing site facilities are shown in 

Appendix B, including the proposed MBBR facilities.  
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Table 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 (11.3 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 (2,860 ft2) 

Trickling Filter* 1 125’ diameter x 5’ media depth 
Media: Plastic XF-60, 48 ft2/ft3; total media AS (2,943,750 ft2) 

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

Rotating Biological 
Contactors* (RBC) 

21 3 trains, each 7 RBCs 
RBC stages 1, 2 and 3: 100,000 ft2 per train 
RBC stages 4, 5 and 6: 150,000 ft2 per train 
RBC stage 7: 85,000 ft2 per train 
Total all stages: 835,000 ft2 per train; 2,505,000 ft2 all trains 
5 HP RBC drives 
Aeration Blowers: 2 units, each 60 HP. 

*New MBBR Replacement 
Process 

2 2 trains, each train w/three (3) zones (BOD/Nitrification (2 zones)) 
Volume: 400,000 per train; 800,000 total (15 ft side-water depth) 
Media: 800 m2/m3 (40% 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) 

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 

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 (11.3 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 Digesters 2 Digester No. 1: 50’ dia.; 20’ SWD; 290,000 gallons (digestion) 
Digester No. 2: 40’ dia., 20’ SWD; 185,000 gallons (sludge holding) 

Belt Filter Press 1 1-meter press 
30,000 filtrate holding/equalization tank 

 



  
  

Town of Warrenton, Virginia │ WWTP  Page 8 
Plant Capacity Evaluation March 2017 

  

N:\18544-000\Engineering\Reports\Plant Capacity Evaluation\Warrenton WWTP - Plant Capacity Eval March 2017.docx 

 

2.2 Plant Influent Wastewater Loads 

 

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

Engineering Report 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 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: 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, 2014, 

2015 and 2016, and the 30-day moving average flow. Figure 2 shows the recorded daily 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 3 shows the annual average flow for the 

last three years, the corresponding maximum month (30-day) flow and maximum month to average month factor. The 

total annual rainfall (inches) is also listed, showing higher plant flows during relatively wet years (2013 and 2014). 

 

Table 3: Historical Plant Flows (MGD) and Rainfall 

 Annual 
Average 

Flow 

Maximum 
Month 
Flow 

MM/AA 
Factor 

Annual 
Total 

Rainfall 

2013 2.03 2.42 1.18 51.9” 

2014 2.01 2.60 1.30 47.6” 

2015 1.86 2.20 1.18 42.4” 

2016 1.73 2.18 1.26 37.3” 

Average 1.91  1.2  
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The plant annual average flow for the period 2013-2016 was about 1.9 MGD. The maximum month peak factor to be 

used in the evaluations is 1.2 (20% above annual average flow). The maximum (peak) day flows recorded for the 

period is about 6 MGD corresponding to a peak flow factor of 3.0. These flow factors are similar to the factors used in 

the 2005 Preliminary Engineering Report prepared (by WRA) prior to the Nutrient Removal Upgrade design. 

 

It is noted that the influent flow chart maxes out at 6 MGD and flows above this rate are not recorded. Figure 2 shows 

that peak flows capped at 6 MGD occurred 10-12 times during the 2013-2016 period, typically associated with high 

rainfall intensity. The plant has handled these peak flows without overflow incidents. It is suspected that some flow 

attenuation/temporary backup may occur in the trickling filter, but due to the TF being covered this is difficult to verify. 

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

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

WWTP during lower flows. Despite higher observed peak flows, a peak factor of 3.0 is used in this evaluation. However, 

wet weather flow management will need to be addressed in a plant re-rating scenario. It is noted that 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. 

 

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 to comply 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 4 shows 

the discharge permit limits. 

 

Table 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 

 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 2013-2016 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 trickling filter was offline for repairs for an extended time. During this time full 

BOD5 removal was shifted to the 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. 

 

Table 5 shows the calendar year average effluent concentrations for total nitrogen and total phosphorus for 2013-

2016, well below the permit requirements for nutrient discharge. Figures 6 and 7 shows the monthly concentrations.  

Table 5 also shows the nitrogen fractions (ammonia, nitrate and organic-N). 
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Table 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 2.03 MGD 3.5 1.4 2.1 0.47 0.93 0.15 

2014 2.01 MGD 3.4 1.3 2.1 0.49 0.81 0.21 

2015 1.86 MGD 3.3 1.5 1.8 0.22 1.28 0.20 

2016 1.73 MGD 3.1 1.3 1.8 0.16 1.14 0.26 

 

 

3 PLANT CAPACITY EVALUATION 
 

3.1 Basis for Evaluation 

 

This section discusses a re-rating of the existing plant capacity for an average design flow of 3.0 MGD and the 

improvements needed to the treatment processes. The review considers the average day and maximum month 

wastewater loadings for the liquid treatment and solids handling process, and peak flows where applicable, such as 

clarifier overflow rates, intermediate plant pumping and overall plant hydraulics. From the previous review of historical 

plant flows the design maximum month (MM) flow is assumed 20% higher than the average month. The design peak 

(hour) hydraulic flow is based on the observed peak-to-average ratio of 3.0.  Table 6 shows the design flows and 

wastewater characteristics used for the plant re-rating evaluation. The wastewater concentrations are based on the 

recent influent sampling data. 

 

Table 6: Flows and Influent Wastewater Concentrations for Plant Capacity Eval. 

ADF 

(MGD) 

MM 

(MGD) 

Peak 

(MGD) 

Primary Influent (mg/L) 

BOD5 TSS TKN NH3-N TP Alkalinity 

3.00 3.60 9.00 200 100 35 25 5.0 145 

 

3.2 Effluent Requirements for Plant Re-rating 

 

The capacity review considers the effluent limits in the plant’s current discharge permit and assumes that the current 

permitted waste load allocations will need to be maintained (this may be subject to review and discussion with VADEQ 

permit compliance group). As such, more stringent effluent concentrations for the permit parameters would be required 

at an ADF re-rating scenario to 3.0 MGD. Table 7 shows the anticipated effluent concentrations for BOD5, TSS, 

nitrogen and phosphorus under a re-rating scenario. 
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Table 7: 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 8.3 mg/L 15 mg/L 12.5 mg/L 

TSS 10 mg/L 8.3 mg/L 15 mg/L 12.5 mg/L 

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

 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 

 
*  The effluent concentration limits are based on fixed waste load allocations 
** Assume effluent concentration limits remain (no waste load allocation for ammonia) 

 

 

For BOD5 and TSS the plant has historically performed well. Meeting more stringent monthly and weekly effluent 

concentrations as shown in Table 7 for 3.0 MGD ADF scenario is attainable with the new MBBR process (as well as 

the current secondary and tertiary processes), provided that the treatment capacity (in terms of flow) is adequate. 

 

Since the permit has an ammonia concentration limit but no associated mass loading, the current monthly and weekly 

average ammonia limits (1.4 mg/L and 1.7 mg/L) are expected to remain even if the permitted design flow is increased, 

unless specific ammonia driven effluent toxicity issues should arise. 

 

Under the Chesapeake Bay Restoration program Warrenton WWTP has been required to remove nutrients since the 

2007 nutrient removal upgrade. Plant discharge cannot exceed the total annual mass load for total nitrogen (30,456 

lbs) and total phosphorus (2,284 lbs), as shown in Table 7. In a re-rating scenario, it is unlikely that a corresponding 

increase in the annual mass loading would be allowed and the plant will need to perform at proportionally lower effluent 

concentrations. While the plant’s current nutrient removal technology can produce a high quality effluent, as plant 

records demonstrate, a flow increase will gradually require tighter operational performance. But, since there is no 

permit specific monthly or weekly concentration limits for TN and TP the plant does have some flexibility over the 

course of the calendar year to reliably meet the total annual based mass loading. Likewise, maximizing the planned 

MBBR process combined with the existing denitrification filters can also achieve the more stringent operation 

performance. However, an increase in the average design flow beyond 3.0 MGD would become much more challenging 

with regard to nutrient removal and could require additional and costly technology upgrades. 

 

Table 7 shows that the annual TN concentration equivalent is 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 on Best Available Technology (BAT). 

Table 5 shows the annual average nitrogen effluent concentrations for 2013, 2014, 2015 and 2016. Ammonia is at 0.5 

mg/L or less, remaining organic nitrogen is about 1.0 mg/L, which is considered mostly non-biodegradable (refractory), 

and the nitrate is about 2 mg/L. The MBBR process can be designed to achieve these low ammonia/organic nitrogen 

levels. 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. Nitrate can be further reduced through a slight increase in methanol dose (without impacting effluent BOD).  

 

The following section reviews each process unit and the anticipated upgrades required at an Average Design Flow of 

3.0 MGD. 
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4 LIQUID TREATMENT FACILITIES 
 

4.1 Preliminary Treatment (Headworks) 

 

4.1.1 Influent Screening 

 

A new mechanical screen (1/4”) system was recently installed in the existing influent channel and is rated for a peak 

flow of 5 MGD. At higher flow conditions the existing by-pass channel and manually cleaned bar rack may handle 

excess flows from the main channel. No improvements are anticipated. 

 

4.1.2 Grit Removal 

 

The existing aerated grit chambers satisfy the Virginia Sewage Collection and Treatment (SCAT) requirements for 

minimum detention time (3 min) at average flow (both chambers in service) for 3 MGD ADF. No improvements are 

anticipated. 

 

4.1.3 Influent Flow Metering 

 

The existing 12-inch Parshall flume has adequate flow measuring capacity for average and peak flows. 

 

4.2 Primary Clarifiers 
 
The existing four (4) primary clarifiers include two (2) 26-ft diameter units and two (2) 34-diameter units, with a total 

surface area of 2,870 ft2. The SCAT regulations indicate that the surface overflow rate (SOR) should not exceed 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. At 3.0 MGD average design flow scenarios, the SOR is 1,040 gpd/ft2, all 

units online, with an HRT of about 1.8 hours which is consistent with the SCAT recommendations. At peak design flows 

(9 MGD) the SOR is 3,100 gpd/ft2, which is about 20% higher than the SCAT recommendations. Other conventional 

design standards recommend between 2,000 and 3,000 gpd/ft2 for peak SOR. 

 

Rather than providing additional primary clarifier capacity, it is recommended that by-pass of excess peak flows around 

the primary clarifier be considered to bring the surface overflow rates for the clarifiers within the range of the SCAT 

recommendations and conventional design. The excess flow by-pass could be provided via an overflow weir in the 

existing primary flow split box. At the peak design flow rate of 9.0 MGD about 2 MGD would need to be by-passed. 

 

4.3 Secondary Biological Process – proposed Moving Bed Bio-Reactor (MBBR) Process 

 

Based on the recommendations in the July 2016 Preliminary Engineering Report, the new MBBR process is currently 

being designed to replace the treatment function of the trickling filter and RBCs, providing for both BOD removal and 

nitrification at the current plant capacity of 2.5 MGD. The MBBR system can be sized to facilitate a future increase in 

treatment capacity. The higher capacity can be achieved by expanding the (concrete) tank volume to accommodate 

an increase in the amount of total carrier media. 

 

4.4 Intermediate Plant (RBC) Pumping Station 

 

The intermediate pumping station pumps trickling filter effluent to the RBC process via a 16-inch force main. With the 

new MBBR process the force main line will be extended to the MBBR influent chamber (new 20-inch line extension). 

The submersible pumps were recently upgraded to larger units. With the new MBBR process the peak pumping 
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capacity is estimated at about 8 MGD with three of the four pumps operating, and about 10 MGD with all units in 

service. As such, additional pumping capacity should not be needed. 

 

4.5 Secondary Clarifier Mixing/Flocculation Tanks 
 

Poly-aluminum chloride (PACl) and anionic polymer are fed prior to the secondary clarifiers for chemical phosphorus 

removal and improved TSS removal. The chemical feed systems and mixing/flocculation tanks are adequate. There 

will be a slight reduction in the number of days of chemical storage as the chemical feed rate would increase with 

increased flows. 

 

4.6 Secondary Clarifiers 
 

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 5,180 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. At 3.0 MGD average design flow, the SOR is 580 gpd/ft2, all units online, which is consistent with the SCAT 

recommendations. At peak design flows (9 MGD) the SOR is 1,740 gpd/ft2. The estimated solids loading rates (SLR) 

based on MBBR effluent 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). 

 

At design peak flows the surface overflow rates exceed the SCAT criteria for the existing clarifiers. Rather than adding 

new clarifiers it is recommended that the existing trickling filter be retrofitted for excess flow storage during peak wet 

weather conditions, since the trickling filter will no longer be required for treatment with the new MBBR process. The 

trickling filter has an estimated usable storage volume of about 350,000 gallons (the trickling filter media would be 

removed). This volume would be more than adequate to reduce the peak flow rate through the plant to minimize the 

hydraulic impact on the secondary clarifiers and other process units. Alternatively, the RBC tankage could also be used 

for peak flow storage (remove the RBC units) where a portion of the flow from the Plant Pump Station can be diverted 

for temporary storage prior to the MBBR. The storage volume available in the RBC tanks is about 250,000 gallons. 

 

It should be noted that it is not recommended to partially by-pass the secondary clarifiers during peak flow events as 

this could result in excessive solids loading on the denitrification filters. 

 

4.7 Denitrification Filter (DNF) Pumping Station 

 

The DNF pumping station was constructed as part of the 2007 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 off line). The station has (emergency) overflow provision to allow flows to by-pass the 

DNF facility and be conveyed via gravity to UV-disinfection. No upgrades to the pumping station will be required. 

 

4.8 Tertiary Denitrification Filters 

 

Nitrates in the effluent from the RBC (nitrification) process are denitrified in the tertiary denitrification filters, installed in 

the 2007 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. 
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At 3.0 MGD ADF the hydraulic filter loading and volumetric nitrate loading would about 1.8 gpm/ft2 and up to 55 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 and it would not affect the ability to meet the annual nitrogen 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 3.0 MGD ADF. The methanol facility has 

adequate storage and feed capacity. 

 

4.9 Effluent Disinfection 
 

Prior to the 2007 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 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. 

 

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

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 flow). Based on plant records for 2013 - 2016, the 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 at 3.0 

MGD ADF.  

 

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, is adequately 

contained within the DN filter effluent clear-well. 

 

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. The existing tank volume provides adequate detention times at average and peak 

flows based on conventional design (there are no specific SCAT criteria). 

 

4.11 Effluent Flow Metering 
 

The existing 12-inch Parshall flume can adequately measure the maximum flows. 

 

 

5 SOLIDS HANDLING FACILITIES  
 

For 2013 – 2016, plant operating records show the average sludge flow (primary and secondary) from the gravity 

thickener to Digester No. 1 is about 15,000 gallons per day. The average solids concentration is around 2.6%, thus 

approximately 3,250 lbs/day total sludge is generated based on an average daily plant flow of 2.0 MGD for the same 

period. As plant flows increase it is assumed there will be a proportional increase in sludge generation. Table 8 shows 

planning level estimates for sludge quantities at current and higher average plant flows. Maximum month sludge 

quantities are assumed 20% higher than average. 
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Table 8: Total Estimated Sludge Quantities (lbs/day) 

 Current 

(2.0 MGD) 

Permit ADF 

(2.5 MGD) 

3.00 MGD 

Average Month 3,250 4,060 4,875 

Maximum Month 3,900 4,870 5,850 

 

5.1 Sludge Pumping 

 

The existing pumping equipment for primary and secondary sludge is adequate. The pump operating times may 

increase slightly at higher plant flows or solids loadings. 

 

5.2 Gravity Thickening 

 

Primary and secondary sludge is co-thickened in the existing 28 ft diameter gravity sludge thickener which has a side 

water depth of 12 ft. Conventional gravity thickener surface overflow rates and solids loading rates for combined 

primary and secondary sludge range from 150 – 300 gpd/ft2 and 5 – 10 lbs/ft2/day, respectively. With an estimated 

primary/secondary sludge feed rate of about 80,000 gallons per day (based on 0.5% solids concentration and current 

average sludge quantity) and 15,000 gallons per day sludge underflow (to Digester No. 1), the current average 

thickener overflow is 65,000 gpd, with a resulting surface overflow rate of about 105 gpd/ft2. The solids loading rate is 

about 5.3 lbs/ft2/day based on Table 8. At the 3.0 MGD ADF scenario, the overflow rate is estimated at about 160 

gpd/ft2 and the solids loading rate is about 8 lbs/ft2/day. These rates are within the range of conventional design 

standards for gravity co-thickening. Therefore, improvements to the gravity sludge thickener are not anticipated. 

 

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 solids 

concentration in Digester No. 1 is typically 1-2.5%. The digesters require adequate capacity (volume, heating and 

mixing) to meet the 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 and with typical volatile solids loading 

rates, it is anticipated that Digester No. 2 at some point will need to be in service to meet the sludge stabilization 

requirements. Therefore, upgrades including mixing, heating and other necessary retrofit, will be required for Digester 

No. 2. 

 

A few years ago, Digester No. 1 was taken offline for cleaning and inspection. Removal of inert solids and other debris, 

built up over many years, will improve the capacity of Digester No. 1. This may allow sufficient interim capacity, and 

could defer additional upgrades to Digester No. 2 until flows are near 3.0 MGD ADF. 

 

5.4 Sludge Dewatering and Storage 

 

The old belt filter press (BFP) was recently replaced with a new 1-meter belt press for dewatering digested sludge. 

Dewatering operation is on week-days during normal shift hours, 50 – 60 hours/week, processing about 15 – 20,000 

gallons per day with a sludge feed rate of 40 – 50 gpm. Based on the projected sludge quantities at 3.0 MGD ADF an 

increase in BFP operating time is expected, however, no additional dewatering capacity is anticipated. 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 recycle load to the plant. The existing holding/equalization tank is adequate. 
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Dewatered sludge/biosolids is stored on-site and periodically hauled out for off-site land application through contract 

operations. If extended wet seasons occur and haulers cannot land apply the biosolids, the on-site storage capacity 

becomes limited. As such, it is anticipated that additional dewatered sludge storage capacity will be needed. 

 

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. In 2013 and 2014 peak flows frequently exceeded 5 MGD 

associated with significant wet weather events. As part of the UV-Disinfection and Nutrient Removal upgrades in 2007 

some of the previous hydraulic restrictions in the plant were eliminated, however, the existing hydraulic conveyance 

capacity between certain process units may still be limited at the peak flows associated with 3.0 MGD ADF. As 

mentioned in section 4.2, a partial by-pass around the primary clarifiers during the highest peak flow conditions and 

using the existing trickling filter as excess flow storage should alleviate most of the downstream potential plant hydraulic 

restraints. The trickling filter would be modified to serve as temporary flow storage (removing the media and rotary 

piping). 

 

 

7 COST EVALUATION 
 

Table 9 summarizes the foregoing existing plant capacity review and the upgrades considered for a plant re-rating to 

3.0 MGD Average Daily Flow (ADF). 

 

Table 9: Summary of Plant Capacity Review  

Process Unit Capacity at 3.0 MGD ADF Improvements Needed 

Influent Screen / Grit Removal 
/ Flow Metering 

OK None 

Primary Clarifiers OK for ADF; stressed at peak 
flow conditions 

Provide excess peak flow by-pass / storage / 
flow equalization in ex. trickling filter 

TF/RBC Replaced by planned new 
MBBR Process 

Retrofit the trickling filter (or RBCs) for excess 
peak flow storage/equalization 

Proposed MBBR Process 
(2 parallel process trains) 

OK for 3.0 MGD with both 
trains online, but needs 
additional redundancy 

Expand tankage and increase amount of 
biofilm carrier media to ensure reliable 
treatment capacity 

Intermediate Plant PS OK None 

Secondary Clarifiers OK for ADF; stressed at peak 
flow conditions 

Provide peak flow by-pass upstream via the 
existing trickling filter (see above) 

DNF Pump Station OK None 

DN Filters OK None 

UV-Disinfection OK None 

Post Aeration / Effluent Flow 
Metering 

OK None 

Plant Hydraulics Potential hydraulic constraints 
at peak conditions 

Provide peak flow by-pass upstream via the 
existing trickling filter (see above) 

Gravity Sludge Thickening OK None 

Anaerobic Digestion OK near term Anticipated upgrades to Digester #2 

Sludge Dewatering OK Increase operating hours of Belt Filter Press 

Dewatered Sludge Storage Deficient storage during limited 
field application periods 

Expand storage capacity 
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Planning level cost estimates (2017 dollars) for a plant expansion to 3.0 MGD Average Daily Flow (ADF) is listed in 

Table 10. Costs are shown based on anticipated fiscal year expenditures for facility improvements. 

 

 
Table 10: Estimated Planning Level Costs of Plant Expansion to 3.0 MGD ADF 

Item 
Planning 

Level Cost 
FY 

Liquid Treatment   

Additional MBBR Tank Volume and Media $450,000 17, 18, 19 

Plant Hydraulics   

Retrofit ex. Trickling Filter for Peak Flow Storage $100,000 22 

Yardpiping Improvements $150,000 22 

Solids Handling   

Upgrades to ex. Digester No. 2 $500,000 20 

Sludge Storage Expansion $80,000 23 

   

Sub-Total   

Contingency (25%)   

Engineering and Administration (15%)   

Total        
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Peak Daily Plant Flows 2013 - 2016
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Existing Aerial Site Plan 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 EXISTING FACILITIES 
1. HEADWORKS 
2. SPLITTER BOX 
3. PRIMARY CLARIFIER 
4. TF DOSING TANK 
5. TRICKLING FILTER (TF) 
6. JUNCTION BOX NO. 1 
7. PLANT PUMP STATION 
8. RBC UNITS 
9. FLASH MIXER & FLOCCULATORS 
10. SECONDARY CLARIFIER 
11. DENITRIFICATION PUMP STATION 
12. DENITRIFICATION FILTERS 
13. DENITRIFICATION CLEARWELL 
14. UV-FACILITY 
15. PLANT UTILITY WATER PS 
16. POST AERATION TANK 
17. ELECTRICAL GENERATOR BLDG. 
18. GRAVITY SLUDGE THICKENER 
19. ANAEROBIC DIGESTER #1 
20. DIGESTER BUILDING 
21. ANAEROBIC DIGESTER #2 
22. PLANT CONTROL BLDG 
23. SLUDGE DEWATERING BLDG 
24. FILTRATE EQ TANK 
25. DEWATERED SLUDGE STORAGE 
26. RBC BLOWER BUILDING 
27. ODOR CONTROL FACILITY 

28. METHANOL STORAGE 
 

29. PLANNED MBBR FACILITY AREA 
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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






