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ABSTRACT  
 
The City of Banning, California is a small, disadvantaged community that faces increasingly 
stringent discharge requirements, specifically in nitrogen. Nutrient requirements, financial 
limitations, increased treatment capacity, and the need to renovate existing infrastructure creates 
several design challenges. This evaluation provides Banning and other small communities a clear 
path to cost effective solutions for biological nutrient removal. Throughout the project and 
design process, efforts were made to involve City Council, allowing for synergism between 
stakeholders and engineers in order to meet the Regional Water Quality Control Board and 
California Title 22 current and anticipated future discharge requirements. The design team 
recommended two options: (1) a phased approach which would implement a conventional 
activated sludge system first, and then a membrane bioreactor (MBR), or (2) implement the 
conventional activated sludge system with the MBR immediately. Nutrient removal systems for 
small communities should always consider future growth, everchanging regulations, and 
innovative design approaches to provide the most cost-effective treatment system. 
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INTRODUCTION AND BACKGROUND  
 
Background and Plant Overview 
 
The City of Banning is located between the Inland Empire and the Coachella Valley in Southern 
California with a relatively small population of 30,000 people. The City owns and operates a 
conventional wastewater treatment plant (WWTP) with a design treatment capacity of 3.6 
million of gallons per day (mgd). It currently discharges approximately 2.07 mgd into 10 unlined 
evaporation/percolation ponds that permeate into the San Gorgonio Hydraulic Unit. Groundwater 
from this basin is used for municipal, industrial, and agricultural supply. The City plans to 
expand the treatment capacity of the plant and implement non-potable water reuse for purposes 
such as agriculture, landscape, public parks, and golf course irrigation. However, the concern of 
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nitrogen leaching into the aquifer from reused water has motivated the design of a nitrogen 
removal system that will meet requirements.  
 
The WWTP consists of preliminary treatment, primary treatment, secondary treatment, solids 
handling, disinfection (currently not in use), and evaporation/percolation ponds. Untreated 
wastewater flows to the preliminary treatment system, which consists of a mechanical bar screen, 
compactor, grit removal system, and cyclone separator. Wastewater from the preliminary 
treatment system is gravity fed to the primary clarifiers. Primary effluent is then pumped to two 
trickling filters (TF), each rated for 1.8 mgd. Next, the TFs’ effluent flows to the secondary 
clarifiers and then passes through the chlorine contact chamber, which serves as a final point for 
effluent water quality sampling. The final effluent is discharged to the evaporation/percolation 
ponds where the effluent goes through a natural treatment process through the soil. 
 
Regional Water Quality Control Board Order 
 
On June 30, 2016, the California Regional Water Quality Control Board adopted Board Order 
R7-2016-0015, which describes the Waste Discharge Requirements (WDRs) and other terms and 
conditions of operation for the WWTP (Board Order, 2016), see Table 1. The Board Order 
requires the WWTP to remove constituents that present the greatest risk to groundwater quality 
such as nitrogen, coliforms, and total dissolved solid (TDS). The maximum contaminant level 
(MCL) for Nitrate plus Nitrite as Nitrogen is 10 mg/ L (US EPA, 2018). For the purposes of this 
evaluation, it was assumed all available nitrogen converts to nitrate/nitrite, so Total Nitrogen 
(TN) was used as the measurement of concern. The WWTP currently discharges an average of 
29 mg/L TN. The Board Order required the City to conduct a nitrogen analysis and provide a 
plan for the installation and implementation of a nitrogen removal system.  
 
Table 1. WWTP effluent limitations per Board Order R7-2016-0015. 

Parameter 30-Day Average 7-Day Average 
20°C BOD5 30 mg/L 45 mg/L 

TSS 30 mg/L 45 mg/L 
pH 6.0 - 9.0 

30-Day Daily Dry 
Weather Discharge < 3.6 mgd 

DO Upper Zone of the Ponds > 1.0 mg/L 
TDS Not to Exceed 300 mg/L of the Water Supply 
TN* 10 mg-N/L 

                     *City does not need to comply with this limit at this time. 
 
Water Recycling Requirements 
 
Since the City is interested in utilizing the WWTP effluent for non-potable water recycling, a 
treatment process that would meet these requirements was investigated. The WWTP’s effluent, 
based on the average effluent data from 2011 – 2015, currently does not comply with 
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California’s Title 22 Code of Regulations (State Water Resources Control Board, 2018). To 
comply with Title 22 requirements, the effluent must meet the following requirements: 

• Average daily turbidity less than 2 NTU; approximately 3 – 5 mg/L TSS. 
• Effluent cannot exceed 5 NTU more than 5% of the time. 
• Effluent cannot exceed 10 NTU at any time. 
• Disinfection process must provide a chlorine residual that provides 450 mg-min/L under 

minimal contact time of 90 minutes. 
o This corresponds to a residual of 5 mg/L or less, or any process that achieves 5-

log virus removal. 
 
The WWTP presently discharges 29 mg/L TN and 21 mg/L total suspended solids (TSS) 
(equivalent to 8 – 14 NTU). Therefore, to implement non-potable water reuse, removal 
efficiency must be improved to comply with the TN and turbidity requirements. The project 
ensured the proposed treatment system would comply with Title 22 requirements, while 
optimizing the treatment process to minimize capital and operating expenses, environmental 
impacts, and community impacts. 
 
Wastewater Characterization 
 
The wastewater was characterized based on Annual Operations Monitoring Reports from 
January 2015 – September 2018. Raw wastewater quality data for TN, Total Kjeldahl Nitrogen 
(TKN), and ammonia (NH3-N) was measured in March 2019. These wastewater characteristics, 
as shown in Table 2, were used to size the treatment units during the evaluation of nitrogen 
removal technologies and estimated sludge production. 
 
Table 2. Wastewater characteristics. 

Parameter Unit Raw 
Wastewater 

Primary Effluent Plant 
Effluent % 

Removal Concentration 

BOD mg/L 320 30 224 24 
TSS mg/L 288 50 144 20 
TDS mg/L 420 - 420 437 
pH - 7.5 - 7.5 7.5 

Temperature °F 76 - 76 70 
TN mg/L 45* 6 42.3 29 

TKN mg/L 45* 6 42.3 19 
NH3-N mg/L 38* 0 38 8.4 

            *Data per 2015 – 2018 Annual Operations Monitoring Reports. 
 
Preliminary Screening of Options 
 
A systematic naming convention is used to label the unit operation categories that make up the 
different liquid treatment systems. “Alternatives”represents the complete wastewater treatment 
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system which is comprised of a combination of stages, each of which has multiple options. The 
wastewater treatment system was divided into the following three stages for evaluation: 
biological treatment, tertiary filtration, and disinfection. A preliminary list of viable treatment 
options that comply with Title 22 requirements was developed for this evaluation.  
 
Biological 
 
The following treatment options were evaluated to determine the performance of biochemical 
oxygen demand (BOD), TN, and TSS removal. The eleven biological treatment options are 
presented in Table 3. 
 
Table 3. Biological treatment process options. 

Biological Treatment Option Abbreviation 
Trickling Filter TF 

Denitrification Filter DF 
Oxidation Ditch OD 

Conventional Activated Sludge CAS 
Integrated Fixed-Film Activated Sludge IFAS 

Moving Bed Biofilm Reactor MBBR 
Membrane Bioreactor MBR 
Sidestream Treatment ST 

Biologically Active Filtration BAF 
Natural Treatment Systems NT 

Passive Aeration Rock Filters PARF 
 
Tertiary Filters 
 
Advanced filtration was required because the WWTP effluent would be discharged for reuse 
applications. Tertiary treatment options are used as a polishing step for wastewater to remove 
suspended, colloidal, and dissolved constituents. The most common processes for tertiary filters 
are cloth media disk filters, pressurized sand filters, and gravity sand filters. 
 
Disinfection 
 
Title 22 requires some level of disinfection prior to discharge. Based on the existing WWTP 
configuration and proven disinfection technology for wastewater applications, the use of sodium 
hypochlorite (NaOCl), chlorine gas (Cl2), and ultraviolet (UV) were considered. 
 
Treatment Process Selection Criteria 
 
Capital and operations and maintenance (O&M) costs, regulatory compliance, and treatment 
performance were the main design parameters in evaluating the potential treatment options 
(WEF & ASCE, 1998). However, additional factors that affected the City’s decision in selecting 
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a treatment process included the permitting process, construction schedule, process robustness, 
footprint, O&M ease, and monitoring requirements.  
 
An evaluation of treatment alternatives was performed using a paired comparison analysis to 
weigh the relative importance of each criterion. During this analysis, one criterion is judged to be 
more important than, of equal importance, or less important than another criterion. Comparing 
only two criteria at a time simplified the evaluation and minimized ambiguity in the weighting 
process. For example, criterion A (e.g. applications) was compared to criterion B (e.g. startup 
time), and A was considered more important than B, so A was then listed in the weighting table.  
 
A weighting scheme was used to convert the paired comparison selections to a relative weight 
factor for each criterion, rather than randomly assigning values. Table 4 illustrates the 
comparison analysis and the relative weights of twelve criterion that our team developed for the 
biological treatment options.  
 
Table 4. Process selection criteria and weighting factors for biological treatment option 

 
 
Each option was assigned an absolute score of 1 to 5 per criterion. These scores were then 
multiplied by the relative weight of a given criterion and then summed for each process. Table 5 
presents the relative weights of the criteria along with the individual and total scores for the 
options based on a 1 – 5 scale.   
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Table 5. Biological treatment options weighted scores. 

Weighted Scores 

Selection Criteria TF DF OD CAS IFAS MBBR MBR ST BAF NT PARF 

Demonstrated in Previous Applications 0.18 0.18 0.18 0.24 0.3 0.3 0.3 0.12 0.12 0.18 0.12 

Start Up Time 0.08 0.06 0.06 0.08 0.08 0.08 0.08 0.02 0.05 0.03 0.05 

Constructability 0.45 0.36 0.18 0.45 0.45 0.45 0.45 0.45 0.27 0.18 0.18 

Operational Complexity 0.61 0.36 0.61 0.48 0.48 0.48 0.48 0.12 0.48 0.48 0.48 

Treatment Complexity 0.08 0.05 0.06 0.08 0.06 0.06 0.08 0.05 0.05 0.06 0.05 

Regulatory Compliance 0.5 0.67 0.5 0.67 0.83 0.83 0.83 0.83 0.5 0.5 0.33 

Process Robustness 0.18 0.14 0.14 0.23 0.18 0.18 0.23 0.14 0.14 0.18 0.09 

Capital Cost 0.76 0.45 0.45 0.76 0.45 0.45 0.3 0.3 0.61 0.45 0.3 

O&M Cost 0.32 0.32 0.42 0.42 0.32 0.32 0.32 0.53 0.32 0.53 0.42 

Environmental Impacts 0.06 0.06 0.05 0.06 0.08 0.08 0.08 0.08 0.06 0.08 0.05 

Effluent Water Quality 0.41 0.41 0.27 0.41 0.55 0.55 0.68 0.55 0.41 0.41 0.27 

Footprint 0.38 0.38 0.15 0.3 0.23 0.3 0.38 0.38 0.3 0.08 0.08 

Total Weighted Score 4.00 3.44 3.08 4.18 4.02 4.09 4.21 3.56 3.30 3.17 2.42 
 
Based on the results of the paired comparison analysis, the following six options were eliminated 
from further detailed analysis: DF, OD, ST, BAF, NT, and PARF. Brief reasons for the 
elimination of these options are provided in Table 6. 
 
Table 6. Biological treatment option elimination reasoning. 

Eliminated Option Reason for Elimination 

Denitrification Filter 

 

 Capital cost is more expensive than MBBR/IFAS 
system while not providing much better effluent water 
quality. Requires additional carbon source for nitrogen 
removal which increases O&M costs. 

Oxidation Ditch 

 

 Operates similar to conventional activated sludge 
systems but do not provide significant treatment 
improvements or cost savings. 

Sidestream Treatment 

 

 Requires intensive processes controls to maintain 
treatment performance and long startup time to for 
system operation. Sidestream treatment is optimal for 
larger municipal facilities where space is limited and 
O&M costs are prohibitive. 
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Eliminated Option Reason for Elimination 
Biologically Active Filter 

 

 Requires upstream treatment units to prevent clogging. 
Typically used as a polishing step or for smaller 
wastewater systems. 

Natural Treatment Systems 

 

 To comply with effluent TN goal of 10 mg/L, the system 
must be at least 90 acres. The City does not have enough 
space to accommodate this large footprint.  

Passive Aeration Rock Filters 

 

 Typical largest installation is around 1.5 mgd. Very few 
installations in the United States. Does not provide 
significant improvement in effluent water quality 
compared to conventional and natural treatment 
systems. 

 
In comparing three tertiary filtration options, the same methodology was utilized. Table 7 
illustrates the comparison analysis and the relative weights of five criteria. Table 8 presents the 
relative weights of the criteria along with the individual and total scores for the options based on 
a 1 – 3 scale. 
 
Table 7. Process selection criteria and weighting factors for tertiary filter. 

 
Criteria Priority Weight 

A B C D E 
A Backwash Quantity  B A A E 20% 
B Capital Cost   C B E 20% 
C O&M Cost    C C 30% 
D Operational Complexity     D 10% 
E Space Requirements      20% 

 
Table 8. Tertiary filter options weighted scores. 

Weighted Scores 

Selection Criteria Cloth Media 
Disk Filter 

Pressurized 
Sand Filter 

Gravity 
Sand 
Filter 

Safety 0.6 0.6 0.2 
Capital Cost 0.4 0.4 0.4 
O&M Cost 0.9 0.6 0.6 
Operational 
Complexity 0.2 0.2 0.2 

Effluent Water Quality 0.6 0.4 0.2 
Total Weighted Score 2.7 2.2 1.6 

 
Based on the weighted scores, the pressurized sand filter and gravity sand filter were eliminated 
from further detailed analysis, see Table 9 for further discussion. 
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Table 9. Tertiary filter options elimination reasoning. 

Eliminated Method Reason for Elimination 
Pressurized Sand Filters 
 

 The system’s high backwash rate and a risk of clogging 
lead to poor effluent quality and high cost of treatment. 

Gravity Sand Filters 
 

 The system requires a large footprint and additional 
pretreatment due to clogging affected by water 
impurities. Additionally, it has high capital and 
operational costs due to frequent cleaning. 

 
Similar to the biological treatment and tertiary filtration elimination process, the same analysis 
was used in selecting the disinfection system. Table 10 illustrates the comparison analysis and 
the relative weights of five criteria for the disinfection systems. Table 11 presents the relative 
weights of the criteria along with the individual and total scores for the options based on a 1 – 3 
scale. 
 
Table 10. Process selection criteria and weighting factors for disinfection system. 

  
Criteria Priority Weight 

A B C D E 
A Safety   A A A A 40% 
B Capital Cost     C B E 10% 
C O&M Cost       C C 30% 
D Operational Complexity         D 10% 
E Effluent Water Quality           10% 

 
Table 11. Disinfection options weighted scores. 

Weighted Scores 
Selection Criteria NaOCl Cl2 UV 

Safety 1.2 0.4 1.2 
Capital Cost 0.2 0.3 0.1 
O&M Cost 0.9 0.9 0.3 

Operational Complexity 0.3 0.3 0.2 
Effluent Water Quality 0.2 0.2 0.3 
Total Weighted Score 2.8 2.1 2.1 

 
Based on the weighted scores, Cl2 and UV disinfection were eliminated from further detailed 
analysis. Brief reasons for elimination of these options are provided in Table 12. 
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Table 12. Disinfection option elimination reasoning. 

Eliminated Method Reason for Elimination 

Chlorine Gas  
 

 
 The system produces toxic disinfection byproducts and 

significant health hazards due to CL2 exposure, 
therefore, safety and liability concerns. Additional 
regulatory requirements are mandatory. 

 

Ultraviolet Disinfection 
 

 UV has higher capital costs and significantly higher 
O&M costs due to high power consumption compared 
to NaOCl. 

 
Overall, these preliminary screening results were used to determine five treatment alternatives to 
be evaluated for further analysis using mass balance calculations, water quality modelling, site 
layouts, process flow diagrams, hydraulic profiles, and the estimation of capital, O&M, and 20-
year life cycle costs. These alternative designs were supplemented using innovative design 
approaches. 
 
 
RESULTS  
 
Upgrades to the WWTP are necessary to appropriately treat a future 3.6 mgd average flow and to 
comply with both the Board Order and Title 22 requirements. Costs to comply with Title 22 
requirements and the Board Order were included in a capital, O&M, and life cycle cost analysis. 
In all five alternatives presented to the city, plant upgrades were necessary. These upgrades 
include the following: 
 

• Equalization (EQ) basin 
• Primary clarifier 
• Tertiary filter (where appropriate) 
• Chlorine contact tank 
• Sludge treatment 
• Lab and control building 

 
Innovative Design Approaches 
 
Innovative design approaches that considered the projected construction budget for the new 
treatment system were employed to determine potential cost savings without compromising 
treatment performance (Merlo, Parker, & Jimenez, 2008). The following influenced the final 
rankings of the treatment systems: 
 

• A condition assessment report of the existing WWTP that determined the life span and 
reuse of existing electrical, structural, and equipment components. 
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• The ability to retrofit existing TF tanks to construct new biological systems instead of 
constructing new facilities and expanding the facility’s footprint. Figure 1 shows a 
potential retrofit of the existing TFs to anoxic and aerobic zones and a MBR. 

• The construction of an equalization basin for optimal sizing of the treatment system. 
• Smart water controls and upgraded SCADA capabilities for plant monitoring and 

determination of treatment levels based on non-potable irrigation demand and influent 
water quality data. 

• Availability of groundwater wells for blending of plant effluent to comply with Title 22 
requirements. 
 

 
 
Figure 1. Plan View of Retrofitted TF for Anoxic and Aerobic Zones and MBR. 

 
755



 

Wastewater Treatment Alternatives Evaluated 

The five alternatives selected for further study were modelled using BioWin to compare effluent 
water quality and to determine necessary unit processes (Envirosim, 2018). Detailed capital, 
O&M, and 20-year life cycle costs were computed for each alternative for comparison.  
 
Alternative 1 – TF  
 
The existing operation of the TFs does not allow for nitrification/denitrification to occur. Each 
TF is operated at a recirculation ratio of 1Q (one multiplied by the influent flow) for current 
conditions (1.0 mgd recirculation rate per TF). In order to reduce the TN concentration in the 
effluent, both nitrification and denitrification must be implemented. In TFs, denitrification occurs 
during anoxic conditions at the top of the filter. The high BOD in the influent and nitrate in the 
recirculation flow consumes oxygen, creating anoxic conditions (US EPA, 2000). Aerobic 
conditions occur downward through the TF, which allows for nitrification. By increasing the 
recirculation rate, higher denitrification rates can occur thus lowering the effluent TN.  
 
In order to comply with the Board Order requirements, the TF recirculation ratio must be 
increased to at least 3.5Q (12.6 mgd) to prepare for future 3.6 mgd conditions. The existing TF 
influent pipe with a diameter of 20” can accommodate the proposed increased recirculation rate, 
but, unfortunately, does not allow for significantly higher flows.  
The BioWin modelling results found that the operation of the TF will comply with BOD and TN 
effluent goals, but a tertiary filter would be required to comply with Title 22 effluent water 
quality standards. Additionally, based on the existing capacity of the infrastructure, there is 
minimal process flexibility to maintain TN effluent treatment goals. A proposed site layout to 
comply with the Board Order and Title 22 requirements is shown in Figure 2. 
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Figure 2: The Proposed Increase TF Recirculation Rate Site Layout. 
 
Alternative 2 – CAS 
 
New anoxic and aerobic tanks would need to be constructed in a currently vacant area owned by 
the City, west of the present WWTP; thus, expending the footprint. The existing TFs would be 
decommissioned, while the existing primary clarifiers and primary effluent pump station would 
remain in operation. The existing secondary clarifiers would not be suitable for the increased 
flow as the underflow drain is only 6-inch diameter. The new RAS line would need to be at least 
a 12-inch diameter to handle the increased RAS flows. New rectangular clarifiers would need to 
be constructed north of secondary treatment tanks that could handle half (1.8 mgd) of the average 
daily flow. It is not anticipated that organic carbon would need to be supplemented to achieve 
nitrification-denitrification, due to high BOD in the primary effluent and internal recycle line. A 
tertiary filter would be required to comply with Title 22 effluent water quality standards. The 
proposed site layout for Alternative 2 is shown in Figure 3. 
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Figure 3: The Proposed CAS Site Layout. 
 
Alternative 3 – IFAS 
 
The IFAS system is nearly identical to Alternative 2, except media is installed in the aerobic tank 
to allow for biofilm growth (Daigger & Boltz, 2018). The increased density of heterotrophs 
allows for greater treatment capacity in the same sized tank as the CAS tank. Additionally, 
Alternative 3 has the same concern as Alternative 2 regarding the existing secondary clarifier 
RAS line. A new rectangular clarifier would need to be constructed to the north of the secondary 
treatment tank. A tertiary filter would be required to comply with Title 22 effluent water quality 
standards. The proposed site layout for Alternative 3 is shown in Figure 4. 
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Figure 4: The Proposed IFAS Site Layout. 
 
Alternative 4 – MBBR 
 
The MBBR system is similar to Alternative 3, the IFAS option, but has different operating 
conditions. Plastic biocarriers would be inserted into both the anoxic and aerobic tanks and allow 
for autotrophic nitrifiers to grow on the media in the anoxic tank, and heterotrophs to grow on 
the media in the tanks (Bengtson, 2005). Media retention screens would be constructed at the 
secondary effluent structures to prevent the media elements from leaving the MBBR basins. 
Since the biomass is retained in the reactor via the biocarriers, no RAS line would be required to 
promote nitrification-denitrification (Steichen & Philips, 2010). In comparing this option to 
Alternatives 2 and 3, this system would allow use of the existing secondary clarifiers and 
eliminate RAS pumping. A tertiary filter would still be required to comply with Title 22 effluent 
water quality standards. The proposed site layout for Alternative 4 is shown in Figure 5. 
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Figure 5. The Proposed MBBR Site Layout. 
  
Alternative 5 – MBR 
 
The MBR process train is similar to Alternative 2, except that membranes replace the secondary 
clarifiers and tertiary filters. The design mixed liquor suspended solids (MLSS) of the MBR 
system is much higher than Alternatives 2 – 4, which allows for a greater treatment capacity per 
unit volume of the aeration basin. One design note is that the high recycle rate from the 
membrane aeration zone impacts the denitrification ability and the demand (Chapman, Law, & 
Solutions, 2012). Consequently, a deaeration tank would be required for the recycle stream to 
reduce dissolved oxygen (DO) prior to discharge into the anoxic zone. This way, endogenous 
respiration lowers DO before the anoxic basin, and the anoxic endogenous respiration with 
influent BOD removes nitrate (Till & Mallia, 2001). The proposed site layout for Alternative 5 is 
shown in Figure 6. 
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Figure 6. The Proposed MBR Site Layout. 
 
Comparison of Alternatives 
 
A capital, annual O&M, and 20-year life cycle cost comparison is shown in Table 13. In 
comparing the five alternatives, the 20-year life cycle cost shows that Alternative 1 is the least 
expensive. This alternative is essentially the baseline scenario to comply with the Board Order 
and Title 22 requirements at a 3.6 mgd capacity, while utilizing the existing treatment process as 
much as possible. However, this alternative provides the least flexibility regarding expected 
effluent water quality, particularly for BOD and TN. If future discharge permit limits become 
more stringent for existing constituents, or other constituents are considered, such as phosphorus, 
upgrades to Alternative 1 would be costly. 
 
Table 1. Cost comparison summary for the treatment alternatives. 

Treatment Alternative Capital Annual O&M 20-Year Life Cycle 
1 - TF $12,308,000 $430,000 $23,482,000 

2 - CAS $32,099,000 $592,000 $47,473,000 
3 - IFAS $35,356,000 $691,000 $53,259,000 

4 - MBBR $30,384,000 $658,000 $47,444,000 
5 - MBR $35,998,000 $938,000 $70,537,000 
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The cost comparison summary identified three groupings of the treatment alternatives. Group 
one only includes Alternative 1, TF, because it is significantly the cheapest, all-around option. 
CAS, IFAS, and MBBR are in the second group. Their life cycle costs are within $6,000,000 of 
each other and utilize similar treatment processes with slightly varied components that alter the 
overall operation process. Lastly, group three contains only Alternative 5, MBR. As expected, 
MBR is the costliest alternative since it produces the highest effluent water quality. The capital 
cost for CAS, IFAS, and MBBR are relatively close to each other, but the annual O&M costs 
dictate which alternatives become more costly over a 20-year life cycle. In order to compare 
these groupings, a summary of the expected secondary effluent water quality is provided in 
Table 14. 
 
Table 14. Effluent water quality comparison for the treatment alternatives. 

Parameter 
Secondary Treatment Effluent Concentration (mg/L) 

1 - TF 2 - CAS 3 - IFAS 4 - MBBR 5 - MBR 

BOD 24.74 4.78 4.58 4.34 0.86 
TSS 6.31 10.96 10.43 6.64 0 
TN 9.92 7.49 7.4 8 7.74 

                     *Concentrations presented above do not reflect tertiary filter effluent concentrations. 
 
All alternatives were designed to comply with the Board Order requirements. CAS, IFAS, 
MBBR, and MBR would produce better water quality, could meet possible more stringent 
discharge limits, and would have better flexibility to stay in compliance if treatment efficiency 
degrades. CAS, IFAS, and MBBR would produce very similar water quality in regards to BOD 
and TN, but MBBR would have the lowest expected effluent TSS. Overall, MBR would produce 
the best all-around effluent water quality, and no additional tertiary filter would be required to 
comply with Title 22 requirements, unlike the other four alternatives. 
 
A cost breakdown of the required WWTP upgrades for each alternative is provided in Table 15. 
The EQ basin, primary clarifier, chlorination tank, and lab and control building costs are the 
same for each alternative. The tertiary filter cost is the same for the TF, CAS, IFAS, and MBBR 
alternatives. Since no tertiary filter is required for MBR, this cost was not included in Alternative 
5. The cost for the sludge treatment upgrades is varied among all of alternatives. MBR requires 
the least costly upgrades since this treatment system produces the lowest sludge flow, whereas 
TF produces the highest sludge flow at the design average daily flow.  
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Table 15. Unit operation cost comparison for the treatment alternatives. 

Unit  1 - TF  2 - CAS 3 - IFAS 4 - MBBR  5 - MBR 

EQ Basin $2,008,000 $2,008,000 $2,008,000 $2,008,000 $2,008,000 
Primary Clarifier $1,701,000 $1,701,000 $1,701,000 $1,701,000 $1,701,000 

Tertiary Filter $1,814,000 $1,814,000 $1,814,000 $1,814,000 - 
Chlorination Tank $1,097,000 $1,097,000 $1,097,000 $1,097,000 $1,097,000 
Sludge Treatment $3,170,000 $2,227,000 $2,522,000 $2,353,000 $2,042,000 

Lab Building $978,000 $978,000 $978,000 $978,000 $978,000 
TF Modifications $1,540,000 - - - - 

CAS - $22,274,000 - - - 
IFAS - - $25,236,000 - - 

MBBR - - - $20,433,000 - 
MBR - - - - $28,172,000 
Total $12,308,000 $32,099,000 $35,356,000 $30,384,000 $35,998,000 

 
 
DISCUSSION 
 
City engineers and the Montrose Environmental Group project team presented the five nitrogen 
removal alternatives to the Banning City Council. 
 
Several concerns and key points from the city council discussion were important factors in the 
decision process. The selected treatment alternatives not only considered cost, but also, other 
critical issues in the decision-making process, such as average flow, deadlines, non-potable water 
reuse and the impact on groundwater, and future water quality requirements. Based on the 2018 
City Integrated Master Plan, the average daily flow is forecasted to be 2.80 mgd in 2025 and 4.29 
mgd by 2040. Therefore, the city needed to consider when the average flow of 3.6 mgd would 
become present. Further, the City was interested in when the Regional Water Quality Control 
Board would require the WWTP to comply with the TN limit, and when the City would desire to 
start using recycle water for irrigation or recharge purposes. The Beaumont Basin has a 330 
mg/L TDS and 10 mg-N/L nitrate limit in groundwater. To achieve the 330 mg/L TDS 
requirement, the WWTP effluent may require treatment via reverse osmosis for compliance. The 
use of direct potable reuse for water supply augmentation was also examined along with how 
recycled water would affect the underlying groundwater in the basin and the levels of water 
quality required to remain in compliance of the non-degradation standards of the region. 
Additionally, future water quality requirements for WWTPs were also discussed. 
It was acknowledged that the WWTP would require the following upgrades to treat an average 
daily flow of 3.6 mgd: 
 

• Installation of a new equalization basin to handle daily flow fluctuations. 
• Construct one new primary clarifier to allow for redundancy. 
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• Increase sludge treatment capacity by installing a new mechanical thickener and new 
anaerobic digesters. 

• The existing lab building is old and needs upgrades, and the control building will become 
obsolete once the WWTP SCADA system is upgraded. 
 

The cost analysis suggested that an increased TF recirculation rate is the cheapest option 
available to comply with Board Order and Title 22 requirements. However, this option would 
provide the least flexibility to meet future discharge limits. The existing TF components are also 
old and would require structure upgrades within 20 years. Therefore, it was decided that this 
alternative should not be considered for future implementation. 
 
As mentioned in the cost comparative analysis group two, Alternatives 2 – 4, are similar in cost 
and operation. Alternative 3, IFAS, is the costliest alternative without providing significant 
advantages in the effluent water quality or operational simplicity. For this reason, it was 
eliminated from consideration. Alternative 4, MBBR, produces better effluent water quality and 
is the same cost as Alternative 2. However, Alternative 4 is more complex to operate and the 
number of municipal installations in the United States is significantly less than Alternative 2. 
Therefore, Alternative 4 was eliminated from consideration. Alternative 2, CAS, is the 
recommended treatment alternative from this grouping. CAS systems are ubiquitous throughout 
the United States, reliable in meeting discharge limits, easy to operate, and have the ability to be 
upgraded with IFAS or MBBR if required. 
 
Alternative 5, MBR, is the costliest alternative, but produces significantly better water quality 
than the other alternatives. With advances in technology, MBR systems can be operated fairly 
autonomously and do not require as much operator input. Alternative 5 would enable the City for 
future changes to discharge permit limits, and would produce recycled water without the use of 
tertiary filters. Additionally, if the City requires TDS removal, a reverse osmosis treatment train 
can be implemented post MBR. Alternative 5 offers the City the most flexibility, but comes at a 
significantly higher cost than the other alternatives. 
 
 
CONCLUSIONS 
 
Several progress meetings were held with the City during which the design team and the City 
discussed the alternatives presented in this study. Based on the outcome of these discussions, the 
City is considering implementation on two sets of alternatives. 
 
The first option is a phased approach of implementing CAS first, and then MBR if necessary. 
This option allows the City to comply with Board Order nitrogen limits, and is the cheapest, 
most reliable treatment alternative. The phased approach will result in immediate Board Order 
compliance while offering a low-cost solution relative to other alternatives. Furthermore, this 
approach accounts for more stringent discharge limits in the future since the ability to upgrade 
the treatment system by adding MBR units downstream of the activated sludge basin would be 
available. If the City determines immediate Board Order compliance is required and production 
of recycled water can be delayed, the construction of the cloth media filters and the chlorination 
tank upgrades could be deferred. While this phased approach option can save the City several 
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million dollars in upfront capital costs, in the long run the projected overall project cost would be 
significantly higher. This option would also require the installation of tertiary filters that later 
would become obsolete with the installation of an MBR system. New secondary clarifiers would 
be required since a bottleneck would develop at the existing secondary clarifiers from the RAS 
underdrain. Thus, operators would have to split the secondary effluent between the new and 
existing secondary clarifiers, adding operator complexity to ensure system functionality. Overall, 
these unnecessary costs could be avoided by selecting an MBR implementation, spending more 
in the short run, but saving in the long term.  
 
The second option available for implementation is MBR, the most resilient and reliable 
technology available producing the best water quality for future reuse or groundwater recharge. 
If TDS removal is required in the future, the WWTP can easily be upgraded with reverse 
osmosis membranes. Since the City is a disadvantaged community, available funds for this 
alternative may be difficult to receive. It can also be noted that MBR is the costliest option so 
grants from the State of California would be required to construct the proposed system. In total, 
there are several matters the City needs to consider when selecting the most suitable option, such 
as nitrogen compliance, production of recycled water, fees associated with development in the 
City, population growth, future regulations, and the ability to increase water and sewer rates to 
customers to pay for the WWTP upgrades.  
 
Once the project is ready to commence, several implementation options are available. If the City 
uses a traditional Design-Bid-Build (DBB) method, it is estimated that the final design will be 
completed in one year, and construction to be completed within two years. Hence, by using a 
DBB method the estimated overall project schedule would be 3 years. In summer 2020, the 
Regional Board will begin reviewing the nitrogen removal feasibility study. Therefore, the 
earliest project completion date is approximately summer 2023. Alternative delivery methods, 
such as a Design-Build (DB) approach, can reduce the overall project timeline by one year, 
saving project costs by 10 – 20%. Overall, the DB method would minimize project costs by 
reducing the design and construction timeline, equipment costs by giving buying power to the 
contractor, and number of change orders. Further, by using a DB method the involvement of a 
third party is not required for construction management. 
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