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ABSTRACT 

The Philadelphia Water District (PWD) owns and operates the Southwest Water Pollution 

Control Plant (SWWPCP), which receives combined sewage from its collection system. As a 

part of the utility’s CSO management plan, PWD and Hazen undertook an extensive study of the 

available SWWPCP peak flow treatment capacity using several sets of calibrated models. The 

primary sedimentation tanks (PSTs) at the site were modeled with calibrated fluid dynamics 

(CFD) models to evaluate current performance, assess available capacity, and identify 

performance limitations. In addition, calibrated hydraulic modeling was used to assess flow 

splits, and any potential flow imbalances, between individual PSTs and calibrated process 

modeling was used to assess the impact of PST performance on the aeration process mixed 

liquor concentrations (MLSS) and resulting secondary clarifier performance. This combined 

modeling approach was used to confirm that the SWWPCP’s PSTs could adequately protect 

secondary treatment performance at flows beyond the current rated peak flow capacity and to 

identify thresholds at which additional PST construction would be required. The combined 

modeling work provided a holistic evaluation of the performance of the PSTs and its impacts on 

treatment plant performance.  
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INTRODUCTION AND BACKGROUND 

SWWPCP Facility 

PWD owns and operates the Southwest Water Pollution Control Plant (SWWPCP), a high purity 

oxygen activated sludge (HPOAS) facility with a rated design average flow of 757 ML/day (200 

MGD). The SWWPCP liquid stream includes screening, grit removal, primary treatment, 

secondary treatment and disinfection. Current dry weather flows the SWWPCP are 

approximately 681 ML/day (180 MGD), and design/rated peak capacity for the SWWPCP was 

1,510 ML/day (400 MGD). Additionally, the SWWPCP receives both primary sludge (PS) and 

waste activated sludge (WAS) from the Southeast WPCP (SEWPCP), and centrate and 

condensate recycle and discharge flows from the adjacent Biosolids Recycling Center (BRC).   
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Project Background 

As part of PWD’s CSO management program, strategies are evaluated to most cost-effectively 

manage CSOs; one potential strategy is to increase the conveyance capacity of the collection 

system, thus increasing flow delivery to PWD’s WRRFs. As part of this strategy, PWD sought to 

evaluate the existing maximum capacity of the SWWPCP. PWD was tasked with determining 

the current wet-weather capacity of the SWWPCP and evaluating alternatives to increase the 

current capacity as needed to comply with PWD’s EPA and PADEP approved Long-Term 

Control Plan. The capacity analysis was conducted through a rigorous series of data collection, 

creation of fully calibrated hydraulic and process models that were subsequently verified and 

calibrated against actual field data, and utilization of these models as powerful tools to assess 

capacity under various scenarios. 

 

SWWPCP Primary Sedimentation Tanks 

Performance of the primary sedimentation tanks (PSTs) during wet weather events are a key 

factor in WRRF treatment capacity. When PST performance degrades during wet weather 

events, large flushes of primary effluent TSS can significantly increase mixed liquor suspended 

solids concentrations, which can impact secondary clarifier performance, decrease effective 

solids retention time, or both. The PSTs at SWWPCP were evaluated as part of the SWWPCP 

capacity evaluation to characterize performance and understand potential impacts on the 

downstream secondary treatment processes. 

 

At SWWPCP, there are five (5) rectangular PSTs. These PSTs have several unique features: 

• The arrangement of PSTs is asymmetric. The PSTs are divided between East and 

West trains with three (3) and two (2) tanks, respectively (see Figure 1). Despite the 

presence of some hydraulic interconnections in the influent channels, the asymmetric 

PST layout was suspected to create hydraulic and loading imbalances between the 

PSTs. The combined modeling approach utilized with this project further investigated 

these potential imbalances. 

• There is a long, aerated flocculation channel upstream of the PSTs. The original 

design intent of the flocculation channel was to improve settleability of raw primary 

influent upstream of the PSTs. However, there was no historical data available at the 

time of the study to confirm whether the flocculation channel has provided any 

settling enhancements in the PSTs. Supplemental sampling conducted in association 

with this project to better understand the potential impacts associated with the 

flocculation channel.  

• The PSTs are wide in comparison to the tank length. Each clarifier is 76-meters (250-

feet long) by 38-meters (125-feet wide). Typical rectangular clarifier design is for a 

minimum length to width ratio of 3:1. The potential performance impacts of the wide 

clarifier design was evaluated with the sampling and modeling performed during this 

project.  

 

Flow feeds the PSTs via an influent channel, which is typically operated with an interconnect 

gate open to allow limited mixing between the East and West trains. Plant staff report that there 
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is a solids loading imbalance across the East and West PSTs due to the location of recycle return 

streams from biosolids processing ahead of mechanical screening and grit removal. Historically, 

this solids imbalance combined with other hydraulic restrictions resulted in significantly higher 

MLSS to the East aeration train, creating the potential for an impact to secondary treatment 

performance. 

 

Key characteristics of the PSTs are shown in Table 1, and layout of the PSTs is summarized in 

Figure 1.  

 

Table 1. SWWPCP PST Key Characteristics 

Parameter Primary Sedimentation Tanks 
Number of Tanks 5 

Sedimentation Tank Type Gould Type I (hopper at inlet side) 

Length  250-ft 

Width (# bays) 124.5-ft (7 bays) 

Average Water Depth  12.0-ft (nominal) 

Type of Inlet  14 inlet weir openings per PST (5-feet in length each) 

8 inlet ports per PST with target baffles (24” x 30” 
sluice gates)* 

Type of Outlet 21 effluent launders per PST 
Launder length = 24’ 3” 

Sludge Hopper 8-ft wide located at inlet 

Sludge Collection Chain and flight collectors  
(7 per PST) 

Sludge Hopper Cross- Collectors 1 per PST 

* Inlet ports not typically kept in service 
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Figure 1. SWWPCP PST Layout 

 

Project Approach 

General Overview 

The capacity analysis of the plant was conducted systematically in the following steps: 

• Development of fully calibrated hydraulic, process, and sedimentation tank models 

(PSTs and final sedimentation tanks (FSTs)); 

• Identification of the SWWPCP’s capacity with existing infrastructure; and 

• Identification of required infrastructure to increase the SWWPCP’s capacity to a pre-

determined flowrate of 600 million gallons per day. 

 

The calibrated hydraulic, process, and sedimentation tank models were linked together for the 

evaluation of the plant capacity under various scenarios of flows and loads, units out of service, 

and proposed infrastructure. The development, calibration, and verification of these models 

required a rigorous approach that included extensive data collection and field testing activities. 

The complex relationship between plant hydraulics and treatment processes was systemically 

modeled. The hydraulic model identified flow splits to and through process units. The PST CFD 
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model outputs are used input into the BioWin process model, which is utilized to identify mixed 

liquor suspended solids and treatment process impacts. These results are then input into the FST 

CFD models. 

 

Innovyze InfoWorks® Integrated Catchment Modeling (ICM) software was utilized to develop 

the SWWPCP hydraulic model. This hydraulic model can predict water surface elevation, flow 

splits, velocities, and profiles through the plant. The model is georeferenced utilizing Geographic 

Information Systems (GIS), and includes all plant components (which were found from the 

available SWWPCP As-Built information). Water surface elevation (WSE) data were collected 

from 53 key locations within the SWWPCP over a four-month period (May 2017 through 

October 2017). The model was then calibrated for a dry-weather and several wet-weather flow 

events, and verified against an actual wet-weather event experienced at SWWPCP during the 

metering period.  

 

The process model was developed utilizing Envirosim BioWin 5.1 software.  This process model 

can predict the complex physical, chemical, and biological processes through a plant. To 

calibrate the BioWin Process Model, a significant field collection effort was undertaken, 

including the analysis of over 1,500 samples. Data from the individual influent sources were 

utilized to characterize and fractionate individual constituents, providing insight into the 

biodegradability and solids production of each source 

 

Computational fluid dynamic (CFD) models were created for both sets of sedimentation tanks 

(FSTs and PSTs).  The 2Dr CFD sedimentation tank model was utilized to develop the CFD 

models.  The 2Dr model is a 2-dimensional model used for sedimentation tank design and 

optimization.  Stress testing was performed on each set of Sedimentation Tanks, with over 1,000 

samples collected and analyzed during testing activities.  Stress testing is designed to 

systemically increase the surface overflow rate (SOR) while collecting key data parameters, 

including effluent water quality, blanket levels, and sludge characteristics (settling, SVI, 

compression, etc.).   

 

PST Field Testing 

Hazen collected field data from May 2, 2017 through May 4, 2017 under current average flow 

conditions and during stress testing for the setup, calibration, and validation of the site-specific 

PST CFD model. In general, samples of raw influent (downstream of mechanical screening and 

grit removal), primary influent (downstream of flocculation), and primary effluent were collected 

separately from the East and West trains to capture any impacts from differential loading or 

performance. The intent of the field sampling and data collection was to evaluate current PST 

performance, provide field data for key CFD model inputs for site specific settling properties of 

the sludge from the three treatment trains, and provide observations of PST behavior and 

performance under normal flow conditions and simulated peak flow conditions. Key sample 

locations are highlighted in Figure 2. In general, the field data collected by Hazen included the 

following measurements: 

• Influent flow rate 
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• Raw influent, primary influent and primary effluent total suspended solids (TSS)  

• Raw influent, primary influent and primary effluent COD and soluble COD (sCOD) 

• Raw influent, primary influent and primary effluent cBOD5 

• Raw influent, primary influent and primary effluent non-settleable TSS and COD 

• Raw influent, primary influent and primary effluent dispersed TSS and COD 

• Individual PST influent and effluent TSS 

• Individual PST primary sludge total solids (TS) 

• Primary sludge blanket depths for each PST at different locations along the tanks 

• Primary sludge pumping cycle time  

• Tank solids profiles  

• Temperature profile at different locations along the tanks 

• Settling column testing to determine settling velocity distribution  

• Jar testing to determine the kinetics of flocculation 

 

 
Figure 2. SWWPCP PST Field Sampling Locations 

 

As part of the influent wastewater and settleability characterization, three basic sample 

preparation methods were used: (a) Total, (b) Non-Settleable and (c) Dispersed. The types of 

sample and preparation methods are described as follows: 
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• Total Samples: include the settleable plus the non-settleable fractions. These samples 

are collected undisturbed and no additional preparation methods are applied prior to 

laboratory analysis. 

• Non-Settleable Samples: these samples are defined as the supernatant concentration 

of the particular parameter, i.e., TSS, COD or BOD, after 30 minutes of flocculation 

followed by 30 minutes of settling. The samples were flocculated using a Bird jar 

tester provided with square jars without any chemical addition at approximately 50 

rpm. 

• Dispersed Samples: these samples are defined as the supernatant concentration of the 

particular parameter, i.e., TSS, COD or BOD, of an undisturbed sample collected 

with a Kemmerer sampler after 30 minutes of settling. 

 

Field testing was conducted over the course of three (3) days to simulate annual average, dry 

weather flow conditions and stress testing with peak hydraulic overflow rates. The field testing 

schedule was as follows: 

• All PSTs were kept in service during Day 1 (May 2, 2017) of field testing to capture 

data from typical, annual average, dry weather conditions.  

• On Day 2 (May 3, 2017) the three East PSTs (nos. 1, 2, and 5) were kept in service 

for stress testing with the two West PSTs out of service.  

• On Day 3 (May 4, 2017), the two West PSTs (nos. 3 and 4) were kept in service for 

stress testing with the three East PSTs out of service.  

 

PST SORs were approximately 1,600 gpd/sf during stress testing on Day 2 and approximately 

2,300 gpd/sf during stress testing on Day 3. 

 

Table 2 shows the daily average Primary Influent (PI) and Primary Effluent (PE) concentrations 

of TSS, cBOD, and COD and percent removal for each constituent collected from the composite 

samplers. TSS removal across the PSTs was high during average conditions. Both East and West 

train PSTs removed approximately 70% of influent TSS and approximately 30%-50% of cBOD 

and COD during average conditions testing. Both values are at the upper end of typically 

expected performance for PSTs. The cBOD and COD test results were highly variable, however. 

During stress testing, the East PSTs appeared to remove approximately 50% of influent TSS and 

the West PSTs appeared to remove approximately 40% of influent TSS. Overall TSS 

concentrations appeared to be slightly higher to the East train, but there was a high degree of 

variability across TSS concentrations between the sample locations and collection methods.  

 

  

 
2583



Table 2. SWWPCP PST Field Testing Results Summary 

Date 
SOR 

(gpd/sf) 

TSS COD CBOD 

PI 
(mg/L) 

PE 
(mg/L) 

% 
Remo- 

val 
PI 

(mg/L) 
PE 

(mg/L) 

% 
Remo-

val 
PI 

(mg/L) 
PE 

(mg/L) 

% 
Remo- 

val 

Day 1 (May 
2, 2017) – 
East 

950 172 54 69% 325 156 52% 118 51 57% 

Day 2 (May 
3, 2017) – 
East 

1,560 240 64 73% 265 175 34% 121 74 39% 

Day 1 (May 
2, 2017) – 
West 

950 126 32 75% 208 149 28% 134 65 52% 

Day 3 (May 
4, 2017) –  
West 

2,260 180 96 47% 295 212 28% 123 84 32% 

 

There were several notable observations from PSTs field testing. These include: 

• Each PST has two sets of inlet ports: one set of submerged inlet ports with target 

baffles and one set of open surface inlet ports. The submerged inlet ports were closed 

during testing (and are normally kept closed). With only the surface ports in 

operation, there was a very strong velocity current out of the inlet ports during stress 

testing. This was observed to significantly impact PST performance.  

• The PSTs at SWWPCP are significantly wider than typical design. Especially given 

the inlet channel and port configuration, there was a tendency to load one side of each 

PST heavier than the other. This was most observable on the West train PSTs during 

stress testing.  

 

To understand the settleability of the raw and primary influent wastewater, non-settleable and 

dispersed samples were collected during the special sampling. The non-settleable sample is 

defined as the supernatant concentration of the sample after 30 minutes of flocculation followed 

by 30 minutes of settling.  The dispersed sample is defined as the supernatant concentration of an 

undisturbed sample after 30 minutes of settling. The average concentrations and percent 

removals are summarized in Table 3 for the Raw Influent, PI and PE. 
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Table 3. SWWPCP PST Field Testing Dispersed and Non-Settleable Results 

Parameter 
Raw 

(mg/L) 
Dispersed 

(mg/L) 

Non-
Settleable 

(mg/L) 
% Dispersed 
(Removed) 

% Non-
Settleable 

(Removed) 

Raw Influent 

TSS 178 66 39 63% 78% 

COD 334 188 149 44% 55% 

Primary Influent 

TSS 182 39 42 78% 77% 

COD 277 176 170 36% 39% 

Primary Effluent 

TSS 66 43 45 35% 32% 

COD 172 141 132 18% 23% 

 

 

Modeling Results 

PST Modeling 

The CFD model used in this project is a quasi-three-dimensional clarifier model developed at the 

University of New Orleans (McCorquodale et. al. 2005, Griborio and McCorquodale 2006). This 

model is commonly known as 2Dc or 2Dr.  The governing equations for the model are based on 

the following principles:   

1. Continuity or conservation of fluid volume. 

2. Conservation of momentum. 

3. Conservation of mass of solids. 

4. Conservation of thermal energy. 

5. A modified mixing length turbulence closure scheme. 

6. Non-Newtonian flow related to the solids ratio. 

7. Flocculation due to the rate of dissipation of turbulent kinetic energy, velocity 

gradients, differential settling and filtration. 

8. Discrete, zone and compression settling. 

 

CFD model calibration was primarily based on data from stress testing evaluation and field 

sampling from May 2, 2017 through May 4, 2017. The data included in model calibration 

includes settling properties from column testing, sludge characteristics, and primary influent and 

primary effluent data from average conditions monitoring and stress testing as summarized 

herein. 

 

Calibration to fit model predictions to field measurements was accomplished by adjusting the 

diffusion and settling characteristics of the two sets of PSTs. Table 4 shows the comparison 

between observed and predicted primary effluent TSS concentrations and TSS removal. In 

general, model calibration showed good agreement between field measurements and model 

predictions. As shown, the CFD model closely reproduced the observed PST performance, which 

indicates the model is well calibrated and can be used as a numerical tool for determining PST 

performance and predicting thickening and clarification failures. Figures 3 and 4 show examples 
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of the CFD model outputs displaying the suspended solids contours and velocity vectors 

predicted during model calibration and validation 

 

Table 4. SWWPCP PST Model Validation and Calibration Data Points 

Testing Date / 
Conditions 

SOR 
(gpd/sf) 

Primary 
Influent 
(mg/L) 

Primary Effluent (mg/L) TSS Removal (%) 

Field 
Measurement 

Model 
Prediction 

Field 
Measurement 

Model 
Prediction 

Day 1 – East (May 
2, 2017)  

970 173 37 40 79% 77% 

Day 2 - East (May 
3, 2017)   

1,560 165 74 78 56% 53% 

Day 1 – West (May 
2, 2017) 

970 146 40 40 73% 73% 

Day 3 – West (May 
4, 2017) 
 

2,220 132 99 96 24% 27% 

 

 
Figure 3. SWWPCP East PST - Stress Testing Conditions 2DR Model Figure 

 

 
Figure 4. SWWPCP West PST - Stress Testing Conditions 2DR Model Figure 
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The calibrated CFD models of the PSTs were used to simulate performance under various design 

storm conditions. The initial modeling was for a 540 MGD peak flow through SWWPCP, based 

on a recent observed storm. Based on the detailed hydraulic modeling, a significant flow and 

loading imbalance was identified between the East and West PSTs. The surface overflow rate 

loadings between the East and West PSTs at the 540 MGD hydrograph are shown in Figures 5 

and 6.  

 
Figure 5. SWWPCP PST 540 MGD Loadings 
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Figure 6. SWWPCP PST Loading Imbalances 

The initial target flow rate for the wet weather evaluation was 2,040 ML/d (540 MGD), which would 

push PST SORs up to approximately 5.9 m/h (3,500 gpd/sf) and beyond the previously rated capacity. 

Based on CFD modeling the PSTs were found to have performance deterioration at these elevated flow 

rates, but would not experience blanket washout or significant, prolonged high primary effluent TSS (see 

Figure 7). Dynamic modeling, including combined use with BiowinTM and FST clarifier models, 

confirmed that the duration and magnitude of higher primary effluent TSS would not cause any 

performance impacts to downstream process units.  

 

Figure 7. SWWPCP PST CFD Modeling – 540 MGD Results 
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In addition, the modeling team evaluated required plant improvements to increase the peak flow 

capacity to 600 MGD. The calibrated CFD model was used to evaluate PST performance, in 

conjunction with hydraulic, process, and secondary clarifier modeling. Based on the modeling 

results, one additional PST was identified to be required to increase the plant capacity to 600 

MGD to eliminate hydraulic restrictions and protect high primary effluent TSS loading from 

impacting the aeration basin and secondary clarifier performance. 
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