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Chapter 3 

PROCESS DESIGN AND RELIABILITY CRITERIA 

3.1 PURPOSE 
The purpose of this chapter is to summarize the existing plant capacity, the basis of design, 
and the design criteria for future facilities at the Regional Water Quality Control Plant 
(RWQCP). This chapter includes a summary of the wastewater quality and flow data, which 
was used to calibrate computer models, and the design criteria for future facilities. In 
subsequent chapters, the calibrated computer models will be used for the evaluation of 
options for increasing plant capacity. This chapter does not include a detailed description of 
the existing facilities, which is included in Volume 4, Chapter 1 - Description of Existing 
Facilities. 

3.2 CONCLUSIONS 
• Based on the Biotran and BioWin™ models, the capacity of the existing facilities is 

40 mgd annual average flow rate.  

• The design criteria for expansion of the wastewater facilities at the RWQCP are listed in 
Tables 3.6 and 3.7. 

3.3 DESCRIPTION OF EXISTING TREATMENT 
The existing RWQCP consists of preliminary, primary, secondary, tertiary, and solids 
treatment. Figure 3.1 shows the flow schematic of the existing facilities. Wastewater that 
enters the RWQCP is screened and de-gritted before it is split into two treatment trains 
(Plant 1 and Plant 2) for further treatment. The flow is split between Plant 1 and Plant 2 in 
roughly a 40:60 ratio.  

In both Plant 1 and Plant 2, wastewater flows by gravity into the primary clarifiers and then 
to the secondary treatment process. Plant 1 has a total of six rectangular primary clarifiers, 
four rectangular aeration basins, and four rectangular secondary clarifiers. Plant 2 has four 
circular primary clarifiers, six rectangular aeration basins, and four circular secondary 
clarifiers. The secondary effluent from each plant combines and flows into four equalization 
basins.  

Equalized secondary effluent is pumped into the tertiary filters. The filtered effluent then 
goes through chlorine contact basins for disinfection and final effluent is discharged either 
to the Santa Ana River directly or to the Hidden Valley Wetlands for further nitrogen 
removal before discharge to the Santa Ana River.  
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RWQCP PROCESS
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For a detailed description of the existing facilities, refer to Volume 4, Chapter 1 - Description 
of Existing Facilities. The description of facilities for handling waste solids generated during 
the wastewater treatment process is discussed separately in Volume 8, Chapter 1 - Existing 
Facilities. The design criteria for the solids handling facilities is discussed in Volume 8, 
Chapter 3 - Biosolids Management: Design Criteria Development. 

3.3.1 Review of Recent Operating Data 

Table 3.1 presents the influent wastewater characteristics for the period of January 2000 to 
July 2006. The data was split into three separate periods as shown, due to influent or 
process changes during the time period. The influent Biochemical Oxygen Demand (BOD) 
and Total Suspended Solids (TSS) concentrations appear to have increased in the past few 
years. Until March 2006, the recycle streams, including filter backwash water and filtrate 
from belt-filter presses and centrifuge, were returned to the Plant 1 primary clarifiers. Since 
March 2006, all the recycle flows are split between the two plants, with approximately 
20 percent flowing to Plant 1 and 80 percent flowing to Plant 2.  

Table 3.1 Summary of the Process Operating Parameters 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Jan 2000 - 
Dec 2003 

Jan 2004 - 
Mar 2006 

March 2006 -
July 2006 Parameter Units

Flow(1)     
Daily Average Flow mgd 30.6 31.9 32.3 
Maximum Flow mgd 39.9 46.5 34.8 
Max-Month Peak Factor  1.3 1.45 1.1 

    Average Influent Quality 
BOD  mg/L 221.5 249.5 252.5 
TSS mg/L 221.9 249.3 234.6 
TKN as N mg/L 34.8 35.2 36.3 
Ammonia-N  mg/L 20.5 22.8 29.0 
BOD/TKN Ratio  6.4 7.1 7.0 

    Influent Loads  
Average BOD Load lb/day 61,600 76,000 79,000 
30-day Moving Average 
Maximum BOD Load 

lb/day 84,900 86,900 84,000 

Average TSS Load lb/day 61,800 76,000 73,300 
30-day Moving Average 
Maximum TSS Load 

lb/day 73,800 88,100 77,000 

Average Ammonia-N Load lb/day 6,900 8,300 8,100 
30-day Moving Average 
Maximum Ammonia Load 

lb/day 10,200 10,800 11,100 
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Table 3.1 Summary of the Process Operating Parameters 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Jan 2000 - 
Dec 2003 

Jan 2004 - 
Mar 2006 

March 2006 -
July 2006 Parameter Units

  Average Secondary Effluent Quality 
BOD mg/L 2.0 3.0 2.8 
TSS mg/L 1.8 1.9 2.9 
TKN as N mg/L 1.7 N/A N/A 
Ammonia as N mg/L 0.5 0.9 0.2 
Nitrate as N mg/L 12.1 10.4 9.0 

Notes: 
(1) The influent flow data presented is based on a calculation provided by the City of 

Riverside. 

Figure 3.2 shows the influent flow data for the period January 2000 to July 2006. The 
mid-2006 30-day moving average influent flow is about 32.0 mgd. Figures 3.3, 3.4, 3.5, and 
3.6 show the influent BOD, TSS, Total Kjeldahl Nitrogen (TKN), and ammonia data for the 
period January 2000 to July 2006, respectively. Vertical lines in the figures are shown at 
January 1, 2004 and March 17, 2006. Since March 17, 2006 the ability to divert part of the 
recycles stream to Plant 2 was added.  

The data suggests that the influent wastewater characteristics have changed over the past 
few years. As seen in Figure 3.3, the influent BOD has increased from an average of about 
210 mg/L, for the period January 2000 to December 2003, to an average of about 
250 mg/L, for the period 2004 to mid-2006. This implies that the influent average influent 
BOD has increased by as much as 20 percent. The average influent TSS shows a similar 
trend. The average TSS increased from about 215 mg/L to about 240 mg/L, which is about 
a 12 percent increase. 

Although the ammonia and TKN data is limited, the current average influent ammonia and 
TKN values are higher than what they were a few years back. The average ammonia used 
for design in 2002 was 20.8 mg/L as N, whereas the average for the period 2000 to 2006 is 
27.7 mg/L as N, which is approximately 33 percent higher. The average TKN used for 
design in 2002 was 28.1 mg/L as N, whereas the average for 2000 to 2006 is 35.2 mg/L as 
N, which is approximately 25 percent higher.  

As the average values for wastewater parameters have increased in the past few years, it is 
suggested that the most recent data (for the period of January 2004 to March 2006) be 
used for the design of future facilities. 
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FIGURE 3.2
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Wastewater treatment facilities are designed to handle both hydraulic and pollutant load 
peaks. Figures 3.7 and 3.8 show the influent BOD and TSS loads, respectively. As shown, 
a peaking factor of 1.25 covers most load peaks and hence was chosen for model 
calibration and for design of future expansion. The peaking factors for wastewater flow and 
BOD and TSS loads are summarized in Table 3.1. The discussion on peaking factors for 
wastewater flow is presented in Volume 2, Chapter 3 - Population and Flow Projections. 
These peaking factors would be confirmed during design. 

Table 3.2 Peaking Factors 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Peaking Factor 
 Wastewater Flows 

Peak Wet Weather Flow 2.2 
Peak Dry Weather Flow 1.8 

1.5(1) Tertiary Peak 
 Wastewater Characteristics 

BOD Load 1.25 
TSS Load 1.25 
TKN Load(2) 1.25 

Notes: 
(1) Based on the assumption that secondary effluent is equalized prior to tertiary filtration.  
(2) Due to limited availability of influent nitrogen data, the TKN peak factor was based on 

the BOD and TSS peak factors.  

In order to properly size the future expansion project it is necessary to project the future 
flow conditions. Anticipated wastewater influent flow to the RWQCP is presented in 
Volume 2, Chapter 3 - Population and Flow Projections. 

3.3.2 Effluent Wastewater Quality Criteria 

The RWQCP has to meet the effluent discharge requirements summarized in Table 3.3.  

Table 3.3 Criteria for Effluent 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter 30-day Average (mg/L) 7-day Average (mg/L)
BOD 20 30 
TSS 20 30 

10(1) Total Inorganic Nitrogen (as N) N/A 
Notes: 
(1) Permit requirement is 13 mg/L for flows less than 35 mgd and 10 mg/L for flows above 

that. A design value of 8 mg/L is used to provide a safety factor.  
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In addition to the water quality criteria listed above, total coliform, toxic pollutants, and other 
Basin Plan constituents of concern are addressed in the discharge permit and Title 22. 

3.4 MODELING OF EXISTING TREATMENT FACILITIES 

3.4.1 Biotran and BioWin™ Process Models 
Carollo Engineers (Carollo) employs a customizable spreadsheet based process model, 
Biotran, to perform mass balances and evaluate operating criteria over an entire treatment 
plant. A Biotran process model was set up for the RWQCP. A copy of the Biotran model is 
included in Appendix A.  

In addition to the Biotran spreadsheet model, Carollo uses the commercially available 
process model BioWin™ to simulate and design the activated sludge system. A BioWin™ 
model was set up for the RWQCP to simulate the performance of the activated sludge 
process for both Plant 1 and Plant 2.  

3.4.2 Calibration  
As a first step in applying Biotran for evaluating plant operations, a historical time period is 
selected, over which operations are reasonably steady to calibrate and check the model 
predictions against actual operations. Operating data for the RWQCP were examined to 
select an appropriate period for calibration, and average values of wastewater parameters 
for the period from January 2004 to March 2006 were used for the calibration of the model. 

3.4.3 Calibration Modeling Results  
Calibration modeling results are summarized in Table 3.4. 

Table 3.4 Comparison of Plant Data and Model Calibration Results 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Biotran Model 
Result 

BioWin™ Model 
Result Effluent Parameter Plant Data 

   Plant 1 
NH4-N, mg/L 0.6 0.1 0.3 

NO3-N, mg/L 20.4 17.7 16.8 
TIN, mg/L 21.0 17.8 17.1 
WAS Production, lb/day 8,450 7,850 7,763 

   Plant 2 
NH4-N, mg/L 0.9 0.1 0.3 
NO3-N, mg/L 4.9 5.6 5.1 
TIN, mg/L 5.8 5.7 5.4 
WAS Production, lb/day 21,950 22,570 21,712 
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