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Chapter 7 

SECONDARY TREATMENT 

7.1 PURPOSE 
The purpose of this chapter is to summarize the evaluation of the existing secondary 
treatment facility at the City of Riverside (City) Regional Water Quality Control Plant 
(RWQCP). This chapter also includes a description of additions or modifications required 
for Secondary Treatment Facilities to increase capacity to 52.2-mgd annual average (AA) 
flow.  

7.2 RECOMMENDATIONS AND CONCLUSIONS 
• The existing treatment system was evaluated and the plant capacity is 40-mgd AA. 

• Four options for expanding the RWQCP secondary treatment plant were considered: 
Conventional Activated Sludge (CAS), Enhanced Primary Treatment (EPT), 
Membrane Bioreactor (MBR), and Integrated Fixed Film Activated Sludge (IFAS). 

• EPT reduced the aeration influent biochemical oxygen demand (BOD) such that 
denitrification is affected and no increase in capacity is achieved. EPT therefore is not 
feasible for increasing the secondary treatment capacity. 

• CAS, MBR, and IFAS options can all achieve the required expanded capacity. The 
IFAS option presents more risks than the other alternatives due to the limited 
experience and number of installations using this technology.  

• For meeting current effluent limits, CAS is the most cost-effective alternative followed 
by IFAS. 

• For meeting current effluent limits plus improved Whole Effluent Toxicity (WET) 
results and better Endocrine Disrupting Compounds (EDCs) destruction, the life-cycle 
costs for all options are nearly the same, within the uncertainty of the cost estimate.  

• Based on the ability to achieve better effluent quality, the City chose the MBR 
alternative for the future expansion at a meeting on November 17, 2006.  

• The current influent flow to the RWCP is approximately 80 percent of the plant’s rated 
capacity, indicating a need for expansion. However, because of a slow down in the 
housing market, the City has decided to perform this expansion in two phases. The 
first phase will expand the Plant 1 secondary treatment facilities from 20 to 
26-mgd AA. The second phase will expand the secondary facilities from 26 to 
32 mgd. 



7.3 DESCRIPTION OF EXISTING TREATMENT 
Figure 7.1 shows the flow schematic of the existing facilities. The influent wastewater 
stream is divided into two plants (Plant 1 and Plant 2) after screening and grit removal.  

In both Plant 1 and Plant 2, wastewater is clarified in primary clarifiers before biological 
treatment. Plant 1 has four rectangular aeration basins and four rectangular secondary 
clarifiers, and Plant 2 has six rectangular aeration basins and four circular secondary 
clarifiers. 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 - Biosolids Management: Existing Facilities. The design criteria for the solids 
handling facilities are discussed in Volume 8, Chapter 3 - Biosolids Management: Design 
Criteria Development. 

7.3.1 Process Design Criteria 

Table 7.1 presents a summary of the design criteria for expansion of facilities at the 
RWQCP. For detailed information on the process design criteria, refer to Volume 4, 
Chapter 3 - Process Design and Reliability Criteria. 

Table 7.1 Design Criteria for Expansion of the RWQCP 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Effluent Parameter Value 
Design Flows  

Average Dry Weather Flow (ADWF), mgd 52.2 
Peak Wet Weather Flow (PWWF), mgd 115(1) 
Approximate Recycle Flow to Headworks, mgd 5.5 

Average Influent Wastewater Characteristics(2)  
BOD, mg/L 250 
TSS, mg/L 250 
TKN, mg/L as N 35.5 

Effluent Quality Requirements  
BOD, mg/L <10 
TSS, mg/L <10 
Total Inorganic Nitrogen, mg/L as N <10(3) 

Notes: 
(1) Based on a wet weather peak hour flow factor of 2.2. 
(2) Does not include impact of recycle streams from dewatering, thickening, and tertiary 

filter backwash. 
(3) The current requirement is 13 mg/L, but this will change to 10 mg/L when flows exceed 

35-mgd AA. 
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RWQCP PROCESS
FLOW DIAGRAM

FIGURE 7.1
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7.3.2 Sludge-Settling Characteristics - Clariflux™ Model 

There are three different factors that could limit the capacity of a secondary treatment 
system (aeration basins and clarifiers):  

• Aeration Basin Capacity: 
In a nitrifying system, such as at the RWQCP, the basin must be large enough to 
ensure full nitrification at design loads and minimum expected wastewater 
temperatures. Basin capacity typically increases as Mixed Liquor Suspended Solids 
(MLSS) concentration is increased. 

• Aeration System Capacity: 
The aeration system (blowers and diffusers) must be able to supply sufficient oxygen 
to the aeration basin under design load conditions. Blower capacity must be 
assessed at maximum expected air temperatures. The oxygen transfer efficiency of 
the diffusers depends on air flux and process conditions, such as Sludge Retention 
Time (SRT), MLSS concentration, etc.  

• Clarifier Capacity: 
The clarifiers must be able to produce an effluent with a low Total Suspended Solids 
(TSS) concentration under design loads. Typically, clarifier capacity increases with 
lower MLSS concentrations.  

Both aeration basin capacity and aeration system capacity can be modeled to a high 
degree of accuracy using existing process models for the aeration system. Secondary 
clarifier capacity, however, depends on sludge-settling characteristics. These 
characteristics may be assumed or estimated based on available data such as Sludge 
Volume Index (SVI) data. Translating SVI data to sludge-settling characteristics does carry 
some risk, as the SVI test does not discriminate between sludge settling, which determines 
the required Surface Overflow Rater (SOR) and sludge compaction, which determines the 
required Return Activated Sludge (RAS) rate.  

A sludge-settling test was performed to determine the sludge-settling characteristics of the 
mixed liquor for both Plants 1 and 2. A sample of mixed liquor from the aeration basin 
effluent was collected and settling tests were performed, in duplicate, in a 6-foot 
sludge-settling column. The test was repeated with increasingly dilute mixed liquor samples 
(diluted with secondary effluent) to obtain initial sludge settling velocity as a function of 
MLSS concentration. These results were then used to estimate the settling properties of 
sludge for both Plant 1 and Plant 2. 

Rate of settling data for various solids concentrations was collected and compared with 
typical settling rates. Figure 7.2 shows a summary of the results of the settling tests. The 
figure shows the effect of MLSS concentrations on the settling rates (i.e., SOR). From the 
figure, it is apparent that the mixed liquor settles very fast in the secondary clarifiers at both 
Plants 1 and 2.  
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FIGURE 7.2
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The figure suggests that at a typical MLSS operating concentration range of 2,500 to 
3,500 mg/L, the clarifiers can be loaded at a much higher SOR ranging from 3,000 to 
4,500 gpd/ft2. This indicates that sludge-settling characteristics are not the limiting factor for 
the RWQCP secondary clarifiers. Experience and clarifier stress testing at other plants 
indicate that where SOR exceeds 1,500 gpd/ft2 hydraulic effects begin to dominate, causing 
an increase in effluent TSS concentration, regardless of sludge-settling characteristics. 
Therefore, the loading of the secondary clarifiers should be limited to 1,500 gpd/ft2 under all 
conditions.  

Hence, in order to increase the capacity at the RWQCP, the clarifiers can be operated at 
higher SOR, which would enable the operators to maintain a higher MLSS concentration 
(i.e., higher capacity) in the aeration basins. Table 7.2 summarizes the existing and 
proposed clarifier operating conditions.  

Table 7.2 Summary of Secondary Sludge-Settling Tests 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Plant 1 Plant 2 

Current Operation   

Average Influent Flow, mgd 11 20.1 

MLSS, mg/L 2,858 3,173 

SOR at Average Flow, gpd/ft2 386 494 

Design for 40 mgd   

Average Influent Flow, mgd 20 20 

MLSS, mg/L 3,500 2,500 

SOR at Average Flow, gpd/ft2 645 631 

Previously during the secondary system upgrades project, done by Carollo Engineers 
(Carollo) in 2002, the Biotran showed that the plant capacity was approximately 36 mgd. At 
the time of that project, a settling test was not conducted for the evaluation of the 
performance of the secondary clarifiers and sludge-settling characteristics were assumed. 
The settling test results as discussed above indicate that the sludge-settling characteristics 
at both Plants 1 and 2 are very good, and better than assumed. Due to the good 
sludge-settling characteristics, the aeration basins can be operated at a higher MLSS to 
achieve higher treatment capacity. Only the MLSS in Plant 1 can be increased to 
3,500 mg/L to increase capacity. The MLSS concentration in Plant 2 should not be 
increased beyond 2,500 mg/L, as the capacity of Plant 2 is limited by the capacity of the 
aeration system and not the performance of the secondary clarifiers. Making these 
adjustments, the combined capacity of the secondary system for Plant 1 and Plant 2 is 
40 mgd, based on the Biotran model.  
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7.4 IDENTIFICATION OF SECONDARY TREATMENT 
EXPANSION ALTERNATIVES FOR THE RWQCP 

Based on the current and expected future treated effluent discharge requirements, and also 
keeping in mind the City’s requirements for future treatment goals and operational flexibility, 
the following four secondary treatment alternatives were identified: 

1. Using EPT to increase secondary treatment capacity. 

2. Expand the existing CAS system at Plant 1.  

3. Convert the existing Plant 1 secondary treatment facility into a MBR plant capable of 
treating the 32.2 mgd of plant flow.  

4. Convert the existing Plant 1 secondary treatment facility into an IFAS facility. 

In addition to the above four processes, the Waste Activated Sludge Anaerobic Contact 
(WASAC) process was also considered for secondary treatment expansion. The WASAC is 
a proprietary process developed by Carollo that uses phosphorus-harboring organisms to 
remove BOD from wastewater in an anaerobic environment. The WASAC process would be 
inserted between the primary clarifiers and the aeration basins. This process would 
supplement the secondary treatment process such that the secondary expansion could be 
delayed. The WASAC process can potentially provide the City significant cost and energy 
savings. Since at this time the WASAC process has not been proven, it was not evaluated 
further or recommended to the City. However, in the future, if proven successful through 
pilot testing, the WASAC process could be a viable alternative for the City, since it could 
make best use of the existing facilities. Appropriate design considerations were made in this 
Master Plan to leave room for the potential implementation of the WASAC process. 

For this project only the four alternatives listed above were evaluated. The four alternatives 
are described and discussed in the following subsections. 

7.4.1 Enhanced Primary Treatment 

EPT doses ferric iron and polymer (typically anionic polymer) to the primary influent to 
increase flocculation and settling, hence improving primary clarifier performance, 
specifically TSS and BOD removal. This reduces the load on the secondary treatment plant. 
The reduced load translates into reduced operating costs (mostly due to lower aeration air 
requirements and lower secondary solids production). In some cases, the secondary 
treatment capacity can also be increased. Carollo investigated whether EPT would 
significantly increase primary clarifier performance by performing a bench test. The effect of 
EPT on secondary treatment was also considered.  

For the test, a sample of primary influent from each plant was taken. The sample was 
divided into six samples that were dosed with 0.5 mg/L of anionic polymer and different 
concentrations of ferric chloride: 5, 10, 15, 20, and 25 mg/L. The control received neither 
ferric nor polymer. All the samples were thoroughly mixed and allowed to settle in Imhoff 
cones. After about half an hour the settled solids were drained from the Imhoff cone and a 
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sample of the supernatant was collected and submitted to the RWQCP laboratory for 
analysis. The test results are summarized on Figure 7.3. As shown in the figure, EPT did 
increase primary clarifier performance. The key results from the experiment are 
summarized in Table 7.3.  

Table 7.3 Enhanced Primary Treatment Bench Test Results 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Plant 1 Plant 2 
Control   

COD Removal 32% 24% 
TSS Removal 59% 54% 

Optimum Dose   
Dose, mg/L as FeCl3 10 15 
COD Removal 46% 45% 
TSS Removal 68% 71% 

Maximum Dose Tested   
COD Removal 50% 49% 
TSS Removal 76% 72% 

The optimum ferric chloride dose at Plant 1 appeared to be approximately 10 mg/L and 
15 mg/L at Plant 2. 

The effect of EPT on secondary treatment is summarized in Table 7.4. 

Table 7.4 Summary of Enhanced Primary Treatment Testing Results 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Conventional EPT 
Aeration Basin Influent 

BOD, mg/L 160 112 
TSS, mg/L 101 61 
NH4-N, mg/L 29 28 
TKN, mg/L 38 35 
Soluble BOD, mg/L 64 60 
BOD: TKN Ratio 4.2 3.2 

Aeration Basin Operating Conditions 
SRT, days 5.3 8.9 
MLSS, mg/L 3,500 3,500 
Anoxic Fraction 25% 50% 
Primary Sludge, lb/d 63,250 82,900 
WAS, lb/d 43,200 25,400 
Digester Feed Flow, mgd 0.50 0.49 
Aeration Basin Air, scfm 27,600 21,500 
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Table 7.4 Summary of Enhanced Primary Treatment Testing Results 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter Conventional EPT 
Secondary Effluent Quality 

NH4-N, mg/L 0.7 0.5 
Total Organic Nitrogen, mg/L 2.7 2.7 
NO3-N, mg/L 6.9 7.5 
Total Inorganic Nitrogen, mg/L 7.6 7.9 
Total Nitrogen, mg/L 10.3 10.6 

The table confirms that EPT has the potential to reduce the operating costs of the 
secondary treatment (approximately 22-percent savings in aeration air and 41-percent 
savings in WAS mass, while primary sludge production increases by 31 percent). However, 
it should be noted that EPT reduces the BOD to Total Kjeldahl Nitrogen (TKN) ratio in the 
aeration basin influent from 4.2 to 3.2. 

Typically, when this ratio drops below 4.0, special measures are required to achieve a high 
level of denitrification. In this case, the anoxic fraction in the aeration basin needs to be 
increased to 50 percent. This means that there is no capacity increase as the reduced 
aerobic volume requirement with EPT is taken up by the increased anoxic volume. 
Operating the basin at such a high anoxic fraction may also increase the SVI. Should that 
happen, secondary clarifier performances would be affected and the secondary treatment 
capacity could be reduced. 

For these reasons, EPT is not recommended for the RWQCP and is not discussed further.  

7.4.2 Conventional Activated Sludge Process 

The City operates two separate trains of CAS process. The secondary treatment processes 
at Plant 1 and Plant 2 are rated at 20-mgd AA each. For future increase in capacity, Plant 1 
will be expanded since some of the process units in Plant 1 have aged and there is enough 
room for future units in Plant 1, whereas Plant 2 has limited room for future expansions. 
The expansion would increase Plant 1 capacity to 32.2-mgd AA and the total RWQCP 
treatment capacity to 52.2-mgd AA.  

The CAS process is a proven wastewater treatment method and the City has had good 
experience with the process. Additionally, the operators at the RWQCP are well versed with 
the operation and maintenance of the facilities involved in a CAS process. Hence, for the 
next expansion, the CAS process was chosen as a secondary treatment alternative for 
further evaluation. For the comparison of the treatment alternatives, the CAS alternative 
was used as a base case scenario. A process schematic of the CAS process is shown on 
Figure 7.4. 

The process requirements for the CAS process are summarized in Section 7.5. 
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PROCESS SCHEMATICS

FIGURE 7.4
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7.4.3 Membrane Bioreactor Process  

The MBR combines conventional biological treatment with the use of membranes for the 
separation of the solid and liquid phases. The MBR treatment train is similar to the existing 
secondary processes except that membranes replace the secondary clarifiers and tertiary 
filters. In the MBR process, the MLSS can be increased beyond that which is possible in 
CAS systems. Figure 7.4 includes a process schematic for the MBR alternative. 

Typically, MBR systems operate at MLSS concentrations in the range of 8,000 to 
10,000 mg/L, compared with a value of around 2,500 to 3,000 mg/L in the CAS. The higher 
MLSS provides the benefit of a greater treatment capacity per unit volume of aeration 
basin. In order to minimize the solids buildup near the membrane surface, which would 
reduce the flow of water through the membranes, membrane agitation air is introduced to 
scour the membrane surface. This air is usually in addition to the biological process air 
requirements, although at least one manufacturer combines both air needs as shown on 
Figure 7.5, part (A). 

Because the process incorporates a membrane barrier, it produces a low turbidity effluent 
that is not impacted by quality changes in the feed water. Another benefit is that the effluent 
TSS concentration is low enough that tertiary filtration is not required. In addition, the 
treated effluent consistently has a low turbidity, which means process reliability is good. 
Finally, because the MBR system would operate at a longer SRT, there would be some 
endogenous destruction of the biomass within the process. Therefore, total sludge 
production from the facility be would reduced by about 10 to 15 percent, compared with 
operating a CAS plant.  

The higher SRT also has benefits related to future regulatory requirements. At the Inland 
Empire Utilities Agency Regional Plant 5, it was shown that operating a CAS at a very high 
SRT (40 days) the effluent was able to perform much better in the WET test. Operating at a 
high SRT also improves the destruction of recalcitrant compounds including EDCs. The 
consistently low TSS concentration in the MBR effluent also means that disinfection is 
easier to achieve and that more disinfection process options are available. The MBR 
effluent would also be most compatible with using an advanced oxidation process (such as 
ozone) to destroy remaining organic compounds. All these factors make MBR the process 
that could most easily be combined with advanced tertiary treatment options to meet future 
effluent limits (Volume 2, Chapter 2 - Regulatory Requirements).  

All MBR systems require screening of the influent to protect the membranes. In systems 
that incorporate hollow-fiber membranes (most systems), it is important that abrasive solids 
and hair be removed. To accomplish this, MBR systems require fine screening of the feed 
water in the range of 1 mm. Abrasive solids can wear through the membrane fibers and 
cause failures, while hair wraps around the fibers, causes clumping of the mixed liquor and 
is very difficult to remove. Ideally, fine screens are installed upstream of the aeration 
basins, but they can also be installed in the sludge recycle line between the aeration basins 
and the membrane tanks depending on the site layout.  
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One MBR supplier has a flat sheet membrane configuration, which is less susceptible to 
issues with hair, but is still subject to abrasion. This system can be used with 3-mm 
screens. 

Even with air agitation, membranes lose their water permeability (flux rate) with time and 
require cleaning. Most MBR systems include regular relaxing (zero flux) or back pulsing 
(using permeate to dislodge accumulated solids). Depending on operating conditions, a 
chemical clean may be required every 3 to 6 months. Chemical cleaning typically involves 
submerging the membranes in a solution of either sodium hypochlorite (to remove 
biological fouling) or citric acid (to remove lime scale). 

There are different ways to configure an MBR system as shown on Figure 7.5. In the 
original plants that were built (around 1 mgd or less), the membranes (in the form of 
cassettes) were simply installed directly into the aeration basins creating a combined 
membrane-aeration tank. When it is time for chemical cleaning, the membrane cassettes 
are lifted out of the aeration basins (by crane) and dipped into a cleaning tank. Cleaning 
could require 4 to 6 hours of soaking before the cassette is returned to the aeration basin. 
Alternatively, at least one manufacturer operates by cleaning the membranes in place in the 
aeration basin. 

The other approach to designing MBR systems, as shown on Figure 7.5, part (B), is to 
construct a separate membrane tank to house the membranes. The mixed liquor is 
circulated from the aeration basin to the membrane tank and back to the aeration basin. In 
this configuration, the membrane tank can be divided into cells that can be taken off-line 
and cleaned. A potential disadvantage of this approach is that a separate tank is required. 
For the RWQCB, the secondary clarifiers could be modified to become the membrane 
tanks.  

A comparison of the separate membrane tank approaches is presented in Table 7.5. 

Table 7.5 Comparison of Combined and Separate Membrane Tank Processes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Combined Membrane-Aeration Separate Membrane Tank 

Removing membranes, placing them in a 
small cleaning tank and then returning them to 
the aeration basins is operator intensive. 

Without individual flow control on each 
cassette, the clean membrane, when returned 
to operation, would take most of the load 
compared to the other membrane cassettes. 
This leads to uneven distribution of flow 
through the membrane cassettes and 
inefficient use of the available membrane area.

Removal of membrane cassettes for 
cleaning is not needed, as individual cells 
can be taken off-line. 

A complete train of membranes can be 
cleaned simultaneously, so the flow 
through the membranes can be controlled 
(relative to the other trains) when the clean 
membranes are brought back online. 

Major modifications to the aeration basins 
are not required. 
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Table 7.5 Comparison of Combined and Separate Membrane Tank Processes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Combined Membrane-Aeration Separate Membrane Tank 

Aeration basins tend to be much deeper than 
required to house the membranes, so complex 
systems are required to support the 
membranes and associated piping.  

The activated sludge biological system 
can be designed, configured, and 
operated independently of the membrane 
tanks. 

The separate membrane tank approach is 
well suited to larger installations where the 
number of membrane cassettes is high. 

The main disadvantage of the separate membrane tank configuration is that a high rate 
mixed liquor recycle system must be installed and operated. Typically, a recycle rate of 
400 percent is used to maintain the aeration tank MLSS concentration at 80 percent of the 
membrane tank MLSS concentration. 

Based on the above discussion, the combined membrane-aeration tank option is not 
considered further. For the preliminary evaluation of expansion of Plant 1, the separate 
membrane tank approach will be used. 

The process requirements for converting the Plant 1 CAS system to an MBR system are 
summarized in Section 7.5. 

7.4.4 Attached Growth Processes 

Attached growth processes use biomass attached to media to perform the required 
biological transformations. In these applications, the attached growth forms a film on the 
media; this is referred to as biofilm. The differences between suspended and attached 
growth processes are summarized in Table 7.6. 

Table 7.6 Comparison of Suspended and Attached Growth Processes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 
Suspended Growth Attached Growth 

No gradient for soluble compounds under typical 
conditions.  

A significant gradient that drives diffusion 
of soluble compounds. 

Biomass moves with effluent through bioreactor. Biomass stationary while effluent passes 
through. 

Bioreactor effluent has a high TSS concentration. Bioreactor effluent TSS is low. 
Clarifier design must take both solids and 
hydraulic loads into account. 

Clarifier design based on hydraulic 
loading only.  

Produces more WAS. Produces less WAS. 
Process parameters (such as SRT, aeration MLSS 
concentration) can be controlled. 

Limited process control options. 
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Table 7.6 Comparison of Suspended and Attached Growth Processes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 
Suspended Growth Attached Growth 

Provides contact time between biomass and 
effluent of several hours. 

Contact time of minutes. 

Can be designed to perform Biological Nutrient 
Removal (BNR). 

Limited ability to perform BNR. 

Superior effluent quality. Inferior effluent quality. 

Some modern attached growth processes differ from the more traditional processes in that 
in the modern process the media is submerged below the water surface. This means that, 
as for suspended growth processes, aeration air must be introduced at pressure (related to 
the diffuser submergence depth). This also allows for increased contact times, but still does 
not allow the operator to completely control the solids inventory. 

There are two versions of the modern attached growth processes: 

• Moving Bed Bioreactor (MBBR) or Submerged Fixed Film (SFF). 

• IFAS. 

The process schematic for each process is shown on Figure 7.6. Primary effluent enters the 
basin that contains the media and the attached biomass. The effluent from the basin 
passes through a clarifier before proceeding to tertiary treatment. Settled sludge goes to 
sludge handling. For MBBR/SFF, as with trickling filter effluent, the TSS concentration in 
the bioreactor effluent is low. 

The IFAS process schematic is similar to the MBBR/SFF flow diagram. The main difference 
is the presence of a RAS line that allows the cultivation of suspended biomass in addition to 
the attached biomass. The bioreactor effluent has a high TSS concentration, similar to 
suspended growth processes. 

The two processes are compared in Table 7.7. 

Table 7.7 Comparison of IFAS and MBBR Processes 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 
MBBR/SFF IFAS 

Attached biomass only Attached and suspended biomass 
No RAS line RAS to a CAS process 
Biomass inventory cannot be controlled Biomass inventory can be partially controlled 
Pin floc due to low TSS in basin effluent Typically have low SVI 
No control over solids inventory Solids inventory can be controlled 
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The IFAS system has some important advantages, especially the ability to partially control 
biomass inventory (or SRT). Since the activated sludge process at the RWQCP already 
includes RAS pumps and provisions to handle high bioreactor TSS concentrations, there is 
no additional investment for selecting IFAS above MBBR. In addition, the suspended 
biomass does not have to be attached to media, which means that the total surface area of 
the required media is reduced. For these reasons, further evaluation of attached growth 
processes is based on an IFAS system. 

There are two different kinds of media that can be used with the IFAS system, free floating 
or fixed, as shown on Figure 7.7. The free-floating media consist of small plastic elements 
that have positive buoyancy. Fixed media is typically attached to a frame that can be 
lowered to the floor of the basin. Fixed media can consist of either rigid media (like 
structured packing used in trickling filters) or pliable media (typically attached to a frame 
that allows for limited media movement). Free-floating and fixed media are compared in 
Table 7.8.  

Table 7.8 Comparison of Fixed Film Process Media 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Free-Floating Media Fixed Media 

Influent: Fine Screens and Primary Treatment 
are required 

Influent: Fine Screens not required 

Coarse Bubble Aeration only Fine or Coarse Bubble Aeration 

Screens required in Basin to Retain Media(1) No Screens required in basin 

Large area per unit volume Smaller area per unit volume 

Notes: 
(1) Screens typically produce 2 to 6 inches of water column head loss, per screen. 

Free-floating media require fine screens upstream of the basin to prevent plugging of the 
screens in the basin itself. Coarse bubble aeration is required to achieve enough turbulence 
to ensure a good distribution of the media throughout the basin depth. The coarse air also 
helps to prevent plugging of the basin’s screens. The free-floating media allows greater 
treatment capacity for a given basin volume, due to its greater surface area. 

Due to the facts that the City has recently installed new fine bubble diffusers and that plant 
hydraulics are already a limiting factor, it was decided to concentrate on fixed media for this 
evaluation. The evaluation specifically considered pliable media, as it allows more biomass 
attachment per unit area. Should IFAS be selected, a comparison of rigid and pliable media 
alternatives can be made during preliminary design. 

To increase the treatment capacity at the RWQCP to 52.2 mgd, both Plant 1 and Plant 2 
CAS processes would have to be converted to the IFAS process. The process 
requirements for the conversion are summarized in Section 7.5. 
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7.5 PROCESS MODELING OF TREATMENT ALTERNATIVES 

7.5.1 Conventional Activated Sludge Alternative 

Expansion using CAS would entail adding aeration basins and secondary clarifiers to the 
Plant 1 system. The primary effluent piping from the new Plant 1 primary clarifiers would 
need to be expanded. Mixed liquor piping between the Plant 1 aeration basins and 
secondary clarifiers would also need to be expanded. Secondary effluent piping to transfer 
secondary effluent to the equalization basins would also need to be expanded. The diffuser 
count in the existing basins would be increased from the current 588 to 694 units.  

7.5.2 Membrane Bioreactor Alternative 

One additional aeration basin would be required. The recycle from the membrane tank will 
have a high Dissolved Oxygen (DO) concentration and would inhibit denitrification if 
returned to the anoxic zone of the aeration basins. Instead, the membrane tank recycle will 
be discharged in the aerobic zone of the aeration basin. The existing mixed liquor return 
system in the aeration basins would be expanded from the existing 7,000 gpm to 
17,000 gpm. The diffuser count in the existing basins would be increased to 1,096 units. 
Two of the existing secondary clarifiers would be retrofitted into membrane tanks. There 
would be nine trains in total. The plant would be able to operate at full capacity even with 
one membrane train out of service.  

The MBR system in Plant 1 would treat 32.2 mgd, to give a total capacity of 52.2 mgd for 
the whole plant. Treated effluent would be pumped through the membrane by permeate 
pumps and the solids would be returned to the aeration basin by recycle pumps. WAS 
would be withdrawn from the return line where the MLSS concentration is at its highest.  

In order to implement this alternative, fine screens (about 1-mm openings) would need to 
be installed. Based on the existing site configuration it is proposed that the screens would 
be installed to treat the primary effluent upstream of the Plant 1 aeration basins. A new pipe 
would be needed to convey primary effluent from the new Plant 1 primary clarifiers 
(Volume 4, Chapter 6 - Primary Treatment). In addition, the Plant 1 aeration basin influent 
channel would need to be extended for the new aeration basin. By further extending this 
channel, a channel is created that could house the new fine screens. However, due to the 
high head loss at the fine screens, there might be a need to pump the primary effluent to 
accommodate the screens. The hydraulic requirements should be determined during the 
preliminary design. 

7.5.3 Integrated Fixed Film Activated Sludge Alternative 

Implementing the IFAS process would mean increasing the secondary treatment capacity of 
both Plants 1 and 2. It is estimated that a total media surface area of 1,360,000 feet2 would 
need to be installed in Plant 1 and 1,836,000 feet2 in Plant 2. The increased biomass in the 
aeration basins would increase the oxygen demand, increasing required blower capacity as 
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well as diffusers. The diffuser count in Plant 1 would increase to 896 units per basin and to 
818 units per basin in Plant 2.  

7.5.4 Process Modeling 
A Biotran process model was set up for the three secondary treatment alternatives for the 
RWQCP. A copy of the Biotran model is included in Appendix A. The modeled plant 
performance characteristics are summarized in Table 7.9. Figures 7.8, 7.9, and 7.10 show 
the proposed layout for the CAS, MBR, and IFAS alternatives, respectively.  

Table 7.9 Modeling of Secondary Treatment Alternatives for Plant 1 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter CAS MBR 
IFAS 

Plant 1(1) 
IFAS 

Plant 2(1) 

Aeration Basin Influent(2)     
Average Flow, mgd 32.2 32.2 22.1 30.1 

BOD, mg/L 160 169 164 176 

TSS, mg/L 101 106 104 130 

VSS, % 86 90 88 109 

NH3-N, mg/L 29.2 32.5 27.8 30.3 

Organic-N, mg/L 8.7 8.9 8.8 9.8 

NO3-N, mg/L 0.6 0.3 0.4 0.7 

Alkalinity, mg/L as CaCO3 266 279 262 270 

Filterable ("soluble") BOD, mg/L 64 67 66 63 

Process Requirements     
No. of Fine Screens N/A 4 N/A N/A 

Clear Screen Opening, mm N/A ~1 N/A N/A 

New Aeration Basins 4 1 0 0 

New Secondary Clarifiers 3 0 0 0 

Membrane Tanks N/A 2(3) N/A N/A 

Tertiary Equalization Requirement Yes No Yes Yes 

New Tertiary Filters(4) 10 0 10 10 

Aeration Basin Operating Conditions 
SRT, days 5.3 9.6 6.5 5.6 

MLSS, mg/L 3,500 10,000 5,500(5) 4,500(5) 
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Table 7.9 Modeling of Secondary Treatment Alternatives for Plant 1 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Parameter CAS MBR 
IFAS 

Plant 1(1) 
IFAS 

Plant 2(1) 

WAS, lb/day 43,200 40,500 28,000 55,150 

Aeration Basin Air, scfm 29,500 35,200 22,400 32,300 

Scour Air, scfm N/A 25,000(6) N/A N/A 

Sludge Disposal, wet tons/day 206 198 207 

Expected Secondary Effluent Quality     
BOD, mg/L 3 1 3 3 

TSS (nominal), mg/L 5 0 5 5 

Ammonia, mg/L as N 0.7 0.3 0.5 0.5 

Total Organic Nitrogen, mg/L as N 2.7 2.3 2.6 2.6 

NO3-N, mg/L as N 6.9 7.3 5.4 5.4 

Total Inorganic Nitrogen, mg/L 7.6 7.6 5.9 5.9 

Total Nitrogen, mg/L 10.3 9.9 8.5 8.5 

Turbidity, NTU <1.0 <0.2 <1.0 <1.0 

Notes: 
(1) For the IFAS alternative, it is assumed that both Plants 1 and 2 would be converted to 

IFAS from CAS.  
(2) The aeration basin influent quality varies for the three processes because of the effects 

of the different quality of the recycle streams.  
(3) Two Plant 1 secondary clarifiers would be retrofitted into membrane tanks.  
(4) For this analysis, it is assumed that if the City decides to expand the tertiary filtration 

facility, the new filter would be a cloth-media filter (for details refer to Volume 4, 
Chapter 8 - Tertiary Treatment).  

(5) The MLSS concentrations for the IFAS systems are effective biomass concentration 
values (including attached growth) and not the actual MLSS concentration.  

(6) The scour air is required only for 15 seconds per minute during normal operation. Under 
high loads, the scour aeration rate can be doubled to 30 seconds per minute. 

MBR effluent quality is better than the other alternatives, particularly for TSS and turbidity. 
Tertiary filtration is not required for this alternative. In the future, if the City has to use 
Reverse Osmosis (RO) treatment to meet lower dissolved salt limits or is required to have 
higher quality recycle water, the MBR alternative provides a distinct advantage. 
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7.6 COMPARISON OF SECONDARY TREATMENT 
ALTERNATIVES  

7.6.1 Non-Economic Comparison  

Table 7.10 lists some advantages and disadvantages for the three alternatives discussed 
above.  

Table 7.10 Advantages and Disadvantages of Secondary Treatment Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Advantages Disadvantages 
Alternative 1 - CAS  
• Proven system with long operational history. 
• Relatively easy to control and operate. 

• Large volume and footprint requirements.  
• Limited to MLSS concentrations in the 

1,000- to 5,000-mg/L (max.) range. 
Alternative 2 - MBR  
• Longer SRTs increase the potential for 

complete nitrification.  
• Longer SRTs enhance the oxidation of 

recalcitrant toxic compounds, which may be 
regulated in the future.  

• Stable process operation due to higher 
MLSS. 

• Longer SRTs lead to lower sludge production.
• High-quality effluent irrespective of fluctuation 

of influent water quality. No tertiary filtration 
required.  

• Small footprint. 

• High MLSS and SRT means higher 
aeration cost. 

• High operating costs due to scour air 
requirement. 

• High membrane replacement costs. 
• Most membrane units available in the 

market are proprietary and the units are not 
interchangeable. 

Alternative 3 - IFAS  
• Higher effective MLSS translates to higher 

aeration basin capacity. 
• Improved sludge settleability increases 

capacity of secondary clarifiers.  
• Small footprint. 

• New technology with limited operational 
history. 

• Treatment performance deteriorates at 
peak flow conditions. 

• Most existing installations are small plants 
with limited operational/performance data. 

• Media for attached growth is proprietary. 
• Process models are still under 

development.  
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Table 7.11 summarizes a comparison of the three different secondary stream treatment 
alternatives discussed above.  

Table 7.11 Comparison of Recycle Treatment Alternatives 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 CAS MBR IFAS 

Toxics Removal 0 + 0 

EDCs Removal 0 + 0 

Sludge Settleability 0 0 + 

Sludge Thickenability + 0 + 

Tertiary Filters Required YES NO YES 

Disinfectability 0 + 0 

Reliability 0 + 0 

Constructability – 0 0 

Maintenance Requirements 0 – + 

Energy Input + – + 

Operating Experience + 0 – 

Process Complexity 0 – 0 

Recovery from Upset – 0 + 

Legend: 
+ = Positive comparative characteristic. 
– = Negative comparative characteristic. 
0 = Neutral comparative characteristic. 

7.6.2 Economic Evaluation  

A life-cycle cost analysis was performed for the three process alternatives. Costs were 
estimated for the following three different conditions: 

1. Treatment train with primary effluent equalization. 

2. Treatment train without primary effluent equalization but with secondary effluent 
equalization. 

3. Secondary treatment with high SRT. 
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A summary of the costs for the treatment train alternative with primary equalization is 
shown in Table 7.12.  

Table 7.12 Life-Cycle Cost of Secondary Treatment Alternatives - With Primary 
Effluent Equalization 
Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 CAS MBR IFAS 
Project Cost $103,105,000 $118,190,000 $104,970,000
Annual O&M Cost $1,150,000 $1,800,000 $1,120,000 
Membrane/Media Replacement Cost(1) N/A $6,610,000(2) $700,000(3)

Life-Cycle Cost(4) $122,890,000 $158,800,000 $135,500,000
Notes: 
(1) The costs associated with replacement of diffusers and other process equipment was 

not included for this comparison as the costs for such items would be similar for all 
three alternatives.  

(2) For this analysis, it was assumed that the average membrane life is 6 years. The 
replacement cost includes only the cost for replacing the membranes.  

(3) The cost of media replacement was based on the assumption that about 5 percent of 
the media would be destroyed or lost every year.  

(4) As present value, assuming life-cycle period of 19 years, discount rate of 6 percent, 
and escalation rate of 6 percent for the first 5 years and 4 percent thereafter. 

The table shows that CAS is the most cost effective, with IFAS the next most cost effective. 
To show the effect of primary effluent equalization the cost estimates for all three options 
without primary effluent equalization are summarized in Table 7.13.  

Table 7.13 Life-Cycle Cost of Secondary Treatment Alternatives - Without 
Primary Effluent Equalization 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

 CAS MBR IFAS 
Project Cost $95,824,000 $126,992,000 $98,370,000 
Annual O&M Cost $1,152,000 $1,624,000 $1,120,000 
Membrane/Media Replacement Cost(1) N/A $ 6,600,000(2) $700,000(3)

Life-Cycle Cost(4) $115,610,000 $166,740,000 $128,880,000 
Notes: 
(1) The costs associated with replacement of diffusers and other process equipment was 

not included for this comparison as the costs for such items would be similar for all 
three alternatives.  

(2) For this analysis, it was assumed that the average membrane life is 6 years. The 
replacement cost includes only the cost for replacing the membranes.  

(3) The cost of media replacement was based on the assumption that about 5 percent of 
the media would be destroyed or lost every year.  

(4) As present value, assuming life-cycle period of 19 years, discount rate of 6 percent, 
and escalation rate of 6 percent for the first 5 years and 4 percent thereafter. 
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A comparison of these two tables shows that without primary effluent equalization there is 
an even bigger difference between MBR and the other two options. This is due to the fact 
that without equalization, more membrane cassettes must be installed to allow the system 
to handle the higher diurnal peaks. Hence, the primary effluent equalization benefits the 
economics of the MBR alternative. However, the costs presented above do not account for 
the benefits of an MBR system regarding WET. Drury et al. (1999) postulated that both high 
SRT and high MLSS concentration were helpful in improving effluent WET results. High 
SRT would enable slow growing biomass, capable of toxic compound destruction, to 
survive in the aeration basin. High MLSS concentrations would improve adsorption of the 
toxic compounds onto the biomass. As indicated in Table 7.9, the MBR alternative would 
have both higher SRT and MLSS concentration than the other two alternatives. The high 
MLSS concentration is unique to the MBR process. This means that if the Drury hypothesis 
is correct, the MBR process will have unique advantages regarding WET. It is assumed that 
EDCs would respond the same way as toxic compounds to an increase in both MLSS 
concentration and SRT. If the CAS and IFAS systems were to be designed for a higher 
SRT, the process would require additional aeration basins and secondary clarifiers. 
Table 7.14 shows a cost estimate that assumes operating all three processes at a high 
SRT.  

Table 7.14 Life-Cycle Cost of Secondary Treatment Alternatives - High SRT 
(Without Primary Effluent Equalization) 
Wastewater Collection and Treatment Facilities Integrated Master Plan
City of Riverside 

 CAS MBR IFAS 

Project Cost $139,730,000 $126,922,000 $137,720,000  

Annual O&M Cost $1,095,000 $1,624,000 $1,053,000 

Membrane/Media Replacement Cost(1) N/A $6,600,000(2) $700,000(3)

Life-Cycle Cost(4) $159,082,000 $166,740,000 $167,120,000 

Notes: 
(1) The costs associated with replacement of diffusers and other process equipment was 

not included for this comparison as the costs for such items would be similar for all 
three alternatives.  

(2) For this analysis, it was assumed that the average membrane life is 6 years. The 
replacement cost includes only the cost for replacing the membranes.  

(3) The cost of media replacement was based on the assumption that about 5 percent of 
the media would be destroyed or lost every year.  

(4) As present value, assuming life-cycle period of 19 years, discount rate of 6 percent, 
and escalation rate of 6 percent for the first 5 years and 4 percent thereafter. 

The table shows that increasing the SRT for the CAS and IFAS systems increases the 
capital cost for the alternative to more that that of the MBR system. The annual operating 
and maintenance cost is still higher for the MBR alternative. The result is that the life-cycle 
cost for all three alternatives are with the range of uncertainty for the cost estimates. Under 
these conditions life-cycle costs do not strongly favor any of the three options. Based on the 
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ability to achieve better effluent quality and do so more consistently, the City chose the 
MBR alternative for future expansion. 

7.7 EXPANSION PROJECT PHASING 
Current flows of approximately 33 mgd (80 percent of rated capacity) and 30-day running 
averages as high as 35 mgd would indicate that the RWQCP needs additional capacity. 
The City has no control over how fast the CSDs and the Highgrove area increase their 
flows into the RWQCP. And, based on housing activity in the summer of 2006, there was 
concern that residential development would grow faster than was currently predicted. If 
these occurred there was a good chance that RWQCP flows would tend toward the 
high-growth scenario. In addition, for a master planning process it is more prudent to plan 
based on conservative assumptions about future growth. For these reasons, the City chose 
to use the high-growth scenario (52.2 mgd and an annual growth rate of 1.5 percent) as the 
basis of the process alternative evaluations for the Integrated Master Plan. This decision 
was made at a meeting on August 31, 2006. Since that time, a slow down in the housing 
market has occurred, which caused the City to reevaluate the potential RWQCP influent 
flows for the master plan planning period. Based on the reevaluation, the City, at a meeting 
on September 20, 2007, decided that the lower end of the 90-percent confidence interval 
would be more appropriate as the basis for 2025 RWQCP flow projections. This results in 
an average daily flow of 47.3 mgd, which corresponds to an annual growth rate of 
0.75 percent (low-growth scenario). The City therefore decided to expand the secondary 
treatment facilities in two phases. The first phase will expand the treatment capacity of 
Plant 1 from 20 mgd to 26.1 mgd and the second phase to 32.2 mgd. The capacity of 
Plant 2 will remain at 20 mgd.  

For such a phased expansion, the City has decided to purchase MBR equipment to 
construct an MBR facility of 26.1 mgd. However, the Plant 1 structures will be modified to 
handle the final expanded flow capacity of 32.2 mgd during the first phase and the 
additional aeration basin would be constructed. The MBR equipment for the full capacity will 
be procured when actual influent flow to the RWQCP starts approaching the 46.1-mgd 
capacity of the first phase. 

7.8 CONTROL OF EFFLUENT ORGANICS 
The City presently owns and operates constructed wetlands in the Hidden Valley area. 
Originally developed to aid in nutrient removal, such wetlands may also be useful for 
reducing trace metals, complex organics, and providing a carbon matrix in the final effluent 
that is more similar to that found in natural streams. Due to the present regulatory 
environment, it is unlikely that the wetlands can be expanded at this time. However, the City 
plans to continue to use the existing wetlands as an effluent polishing treatment process. 
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7.9 ODOR CONTROL 
The City requested that Carollo investigate covering of secondary clarifiers for odor 
concerns. While secondary clarifiers are not typically prime sources of odor in a wastewater 
treatment plant, some owners choose to cover the clarifiers for aesthetic reasons. For this 
evaluation, it was assumed that only the effluent weirs would be covered, as the hydraulic 
conditions at the weirs would promote the bulk of any released odor. A typical weir cover is 
shown on Figure 7.11 for a circular clarifier. The weir cover for a rectangular clarifier would 
require some additional elements to support it above the weir, as shown on Figure 7.12. In 
addition to the weir covers, the odor control system would include blowers to collect the 
headspace air, some form of odor control system such as a biofilter, and the required 
ducting. Additional evaluation of secondary clarifier odor control would be done during 
preliminary design if the City decides to pursue it further.  

7.10 RETURN ACTIVATED SLUDGE/WASTE ACTIVATED 
SLUDGE PUMPING 

Selection of RAS/WAS pumps is based on the flow and head characteristics of the 
RAS/WAS. Final selection of the pump types will be determined during preliminary design 
when the flow and head characteristics are known.  

7.11 REFERENCE 
Drury D, Clifton N., Todd A.C., Buhr H.O. and Moore T. Operating and Designing 
Municipal Wastewater Treatment Plants to Treat Toxicity, WEFTEC (October 1999), 
New Orleans, LA.  
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