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Chapter 2 

SUMMARY OF PLANNING STUDIES 

2.1 PURPOSE 
The purpose of this chapter is to summarize the findings and recommendations from the 
2003 Bio-Solids Handling Improvements report (2003 Report) that was completed for the 
City of Riverside (City) Regional Water Quality Control Plant (RWQCP) biosolids facilities. A 
copy of the report is included as Appendix A. 

The 2003 Report includes descriptions of the RWQCP facilities at the time of study, while 
Volume 8, Chapter 1 - Existing Facilities, includes the facilities that the RWQCP currently 
has. A few changes have been observed since the 2003 Report, such as an installed 
centrifuge and discontinued usage of the sludge-drying beds. 

While the 2003 Report included design criteria and evaluations of several biosolids 
management/processes as listed in Section 2.3, this master plan only includes the design 
criteria (Volume 8, Chapter 3 - Design Criteria) and evaluations of the thickening and 
digestion processes. The design criteria included in this master plan have been updated to 
meet the new planning period requirement. 

2.2 OBJECTIVES OF THE 2003 REPORT 
The following are the stated objectives of the 2003 Report: 

1. To develop and to recommend necessary process improvements to treat wastewater 
solids removed for average dry weather wastewater flows of up to 40 mgd.  

2. To provide space planning for facilities up to 50 mgd.  

3. To provide the planning level costs for the recommended improvements.  

4. To recommend project phasing and scheduled implementation of improvements. 

2.3 ORGANIZATION OF THE 2003 REPORT 
The 2003 Report consists of 11 chapters. Chapter 1 presented the recommended system. 
Chapters 2 and 3 provided the planning level cost for the recommended facilities and a 
recommended schedule for implementation of improvements. There were total of seven 
Technical Memoranda (TMs), which were prepared to evaluate options for handling 
wastewater solids production from the RWQCP for an ultimate plant capacity of 50 mgd. 
These TMs were included as part of the 2003 Report as Chapters 4 to 11. The titles of 
these seven chapters are listed as follows: 

• Chapter 4: TM No. 1 - Solids Projections and Thickening Evaluation. 
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• Chapter 5: TM No. 2 - Digestion Options.  

• Chapter 6: TM No. 3 - Heat Energy Options.  

• Chapter 7: TM No. 4 - Dewatering and Air Drying Options.  

• Chapter 8: TM No. 5 - Heat Drying Options. 

• Chapter 9: TM No. 6 - Composting Options. 

• Chapter 10: TM No. 7 - Side Stream Treatment Options. 

• Chapter 11: TM No. 8 - Evaluation of Options. TM No. 8 evaluated all the options 
discussed in the seven TMs described above and developed a recommended system 
including a preliminary estimate of capital costs. 

Summaries of Chapters 4 through 11 are provided in the following Sections.  

2.4 CHAPTER 4: TM NO. 1 -  
SOLIDS PROJECTIONS AND THICKENING EVALUATION 

This chapter discussed the evaluation of the RWQCP process performance and developed 
raw solids projections. It also discussed the raw solids thickening practices. 

2.4.1 Objectives 

The following objectives were addressed in this chapter of the 2003 Report: 

1. Reviewed the plant sludge production and solids system operational data. 

2. Confirmed the solids production at the time of the study. 

3. Estimated the design flow of solids quantities for 40- and 50-mgd average raw 
wastewater influent flow and determined average, peak month, and peak day 
quantities. 

4. Evaluated the thickening performance and assessed long-term improvement options 
for solids thickening. 

2.4.2 Summary and Recommendations 

At the time of the study, the RWQCP’s raw solids processing facilities consisted of two 
Dissolved Air Flotation Thickeners (DAFTs). Chapter 4 provided a description of the 
equipment, which is also described in Volume 8, Chapter 1 - Existing Facilities, of this 
Master Plan.  

The chapter also presented solids projections for the 40- and 50-mgd flow conditions. 
These are summarized below in Table 2.1. 
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Table 2.1 Solids Projections(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 
 Average Primary Sludge Average Raw WAS 

40 mgd 
TSS 1,000 lbs/day 39 35 
VSS 1,000 lbs/day 32 28 
Flow, mgd 0.12 0.61 

50 mgd 
TSS 1,000 lbs/day 49 44 
VSS 1,000 lbs/day 40 35 
Flow, mgd 0.15 0.76 

Peak Daily Factors 
Solids 2.2 1.4 
Flow 2.0 1.4 

Notes: 
(1) Table taken from Table 3 of TM No. 4 of the 2003 Report. 

A comparison of DAFT solids loading for Waste Activated Sludge (WAS) thickening and 
co-thickening was included in the evaluation. Design criteria for these evaluations were 
described in the 2003 Report and can be found in Volume 8, Chapter 3 - Design Criteria, of 
this Master Plan. For the evaluation, it was assumed that the thickening system must be 
able to handle average daily loading with one unit out of service and a peak daily loading 
with all units in service. 

Based on the evaluation, two additional DAFTs are required for both thickening options, two 
39-foot DAFTs for WAS thickening or two 44-foot DAFTs for co-thickening, to handle the 
solids produced at the ultimate flow of 50 mgd. There are advantages in using 
co-thickening, such as increased digester detention time and production of a thicker sludge 
feed to the digester. A list of advantages and disadvantages of co-thickening can be found 
in Chapter 4. 

Details of implementing either thickening system need to be developed in the design phase. 
The performance of the thickening process ties to the size and performance of the digestion 
process. As a result, the thickening process was further discussed in Chapter 5.  

A list of equipment and process improvements, which were based on site visits made 
during the time of study, were recommended to improve DAFT plant performance. These 
are listed below: 

1. Add a submerged weir for influent solids distribution and better float control. 

2. Add turbidity monitoring on subnatant to better control capture efficiency. 
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3. Add a high-level switch, high-level alarm, and solenoid valve to prevent the 
pressurization tank from becoming water logged. 

4. Replace the existing manually operated valve with an automatic air-operated 
throttling valve with flow controller and flow. 

5. Resize the polymer storage and feed systems to closely match the required polymer 
usage. 

6. Replace the bottom sludge removal system. 

2.5 CHAPTER 5: TM NO. 2 -  
EVALUATION OF DIGESTION OPTIONS 

This chapter evaluated the different digestion options including Mesophilic Digestion, 
Temperature-Phased Digestion (TPAD), and Class A TPAD.  

2.5.1 Objectives 

The following objectives were addressed in Chapter 5 of the 2003 Report: 

1. Define digestion options using existing tankage at the RWQCP. 

2. Define process schematics, key piping/equipment needs and estimated performance 
benefits of the top two options in terms of volatile solids destruction, gas production, 
dewatering impacts, recycle impacts, and product odor. 

3. Define capital costs for the two options evaluated. 

The process objectives for this study were to maximize solids destruction, increase gas 
production, minimize odor impacts, and consider Class A product requirements as defined 
by EPA 40 CFR Part 503 regulations. 

2.5.2 Summary and Recommendation 

The anaerobic digestion process consists of five digesters (Digester Nos. 1 to 5) ranging 
from 0.603 to 1.8 million gallons in size. Only the two biggest digesters are in service. A 
description of the existing anaerobic digestion equipment was included in the chapter.  

A brief description of each proposed alternative (Mesophilic Anaerobic Digestion, 
Thermophilic Anaerobic Digestion, Temperature-Phased Digestion, and Acid/Gas-Phased 
Digestion) was included in the report. Both Thermophilic Anaerobic Digestion and 
Acid/Gas-Phased Digestion were dropped from further consideration due to their potential 
to cause odor problems. 

A projection was made of the thickened solids loading at 40 and 50 mgd. Table 2.2, 
(information taken from Table 2 of the chapter) lists the design solids and hydraulic loading. 
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Table 2.2 Design Solids and Hydraulic Loading(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

 
Primary and 

WAS Flow, mgd
Co-Thickened 

Flow, mgd 
TSS, 

lbs/day
VSS, 

lbs/day
Design Loading - 40 mgd     

Average 0.26 0.22 101,191 81,491
Peak 2 Week 0.37 0.31 141,667 114,087

Design Loading - 50 mgd 
Average 0.33 0.47 126,489 101,864
Peak Day 0.47 0.39 177,084 142,609

Notes: 
(1) Table taken from Table 2 of TM No. 5 of the 2003 Report. 

Design criteria for Mesophilic and TPAD were described in Chapter 5 of the 2003 Report.  

The chapter included a discussion of each evaluated option, Mesophilic and TPAD. The 
additional required tankage was determined based on the existing facility and the design 
criteria. This was heavily dependant on the choice of thickening method. For this reason the 
additional required tank volumes were determined for both thickening choices (refer to 
Table 2.3).  

Table 2.3 Additional Digester Volume Requirements(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Digester Option 
Separate 

Thickening Co-Thickening
Mesophilic System   

Additional Vol. Required, MG, Peak 2 Week 1.92 0.71 
Additional Vol. Required, MG, Avg. Without Digester No. 4 2.72 1.68 
Number Required 2 1 
Depth, feet 32 32 
Diameter Required, feet 85 95 

Temperature-Phased System   
Thermophilic Digestion Phase   
Additional Vol. Required  None None 
Mesophilic Digestion Phase   
Additional Vol. Required, MG, Peak 2 Week 2.4 0.5 
Additional Vol. Required, MG, Avg. Without Digester No. 4 2.36 1.74 
Number Required 2 1 
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Table 2.3 Additional Digester Volume Requirements(1)

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Digester Option 
Separate 

Thickening Co-Thickening
Depth, feet 32 32 
Diameter Required, feet 79 94 

Notes: 
(1) Information extracted from Table 4 of the 2003 Report. 

The same number and sizes of additional digesters would be required for both the TPAD 
and the mesophilic system for either thickening option. This means that the new facilities 
would have the flexibility to operate in either TPAD or in mesophilic mode. These new 
digesters would be constructed in the open area adjacent to the cogeneration facility behind 
Digester Nos. 1 and 2. 

In order to meet Class A pathogen reduction requirements, thermally treated biosolids from 
the RWQCP must be subjected to one of the two temperature regimes that are applicable 
to the plant. For solids concentrations less than 7 percent, biosolids must be heated for at 
least 15 seconds, but less than 30 minutes, or the temperature of sludge must be 
50 degrees C or higher with at least 30 minutes of contact time. Another key ingredient to 
meeting Class A facility requirements is there must be no possibility of short-circuiting. This 
is typically achieved by operating under batch mode. Additional tankage (i.e., thermophilic 
batch tanks) would be required if the RWQCP wants to achieve Class A TPAD. 

Construction and capital costs for the new thickening and digestion alternatives were 
estimated and described in the chapter. The estimated capital cost for the co-thickening 
option was more expensive then the separate thickening option.  

As discussed earlier, the required additional digestion facilities are heavily dependent on 
the thickening option. A present-worth cost analysis was included to evaluate the economic 
impact on the thickening and digestion system, for both thickening options, taking into 
account the required mesophilic digester facilities needed to support the respective option. 
The present worth cost for the WAS only thickening (with Mesophilic Digestion, based on a 
planning period of 20 years and with a 3 percent discount, rate) was less expensive than 
the co-thickening option. A life-cycle cost analysis showed that the TPAD and the 
Mesophilic Digestion options were nearly equal. Based on this information, the study 
recommended the continued operation of Mesophilic Digestion. 

The study recommended implementation of additional DAFT facilities to continue separate 
thickening of primary sludge and WAS with DAFTs, based on the present worth analysis. It 
recommended installation of one new 50,000-gallon thickened solids blending tank and two 
32-foot deep, 90-foot diameter digesters to match Digester Nos. 1 and 2. Conversion to 
TPAD could be considered in the future. 
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2.6 CHAPTER 6: - TM NO. 3 -  
HEAT ENERGY OPTIONS 

This chapter discussed the additional heat required and the changes in gas production due 
to the changes to the RWQCP solids processing operation. It also evaluated the different 
heating and energy options for the proposed solids system modifications. 

2.6.1 Objectives 

The objectives of this chapter, as stated in the 2003 Report, are listed below: 

1. Reviewed the design and operational information of the existing facilities. 

2. Reviewed the existing digester gas and the landfill gas (LFG) system and gas 
characteristics. 

3. Defined the plant heating needs, including digestion changes. 

4. Reviewed applicable air quality limitations. 

5. Defined and evaluated options for meeting the future RWQCP heat needs and energy 
performance requirements. 

2.6.2 Summary and Recommendations 

2.6.2.1 Existing Conditions 

A summary of existing conditions in regards to the heating and energy system at the 
RWQCP was included in the chapter. The RWQCP’s cogeneration system converts the fuel 
energy in the digester gas, LFG, and natural gas into electricity and heat energy. Each 
cogeneration engine is cooled by water circulating through the engine cylinder jacket, and 
this hot engine jacket water is used to heat the RWQCP together with heat recovered from 
the hot engine exhaust gases. 

Table 1 in Chapter 6 of the 2003 Report summarized the digester gas flow rates and 
projected flow rates from 1991 to 2025. The energy value for the mesophilic digesters 
ranged from 6.5 million Btu/hour (MMBtuh) in 1991 for a flow of 28.5 mgd to 19.4 MMBtuh 
in 2025 for a flow of 50 mgd. The projected energy from TPAD for 2025 is 23.3 MMBtuh. A 
summary of the gaseous fuels the RWQCP receives and burns was included in the study. 
This included the digester gas, natural gas, and LFG. 

2.6.2.2 Heating and Cooling System and Equipment 

The three Caterpillar cogeneration engines use about 34 MMBtuh of energy, of which 
3.5 MMBtuh of jacket water heat and about 8.3 MMBtuh of engine exhaust heat are 
recovered and available for use. The RWQCP also has several hot water boilers that have 
a little over 15 MMBtuh of heating capacity. It also has a steam generator with unknown 
heating capacity for steam cleaning purposes. The RWQCP heating system is 
interconnected with the laboratory chilled water system, which uses a nominal 150-ton 
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absorption chiller that is “powered” by heating water from the cogeneration system. This 
absorption chiller requires heat at the highest possible temperature in order to function. This 
requirement forces the heat loop to deliver 190- to 200-degree Fahrenheit hot water. 

The RWQCP is within the jurisdiction of the South Coast Air Quality Management District 
(SCAQMD). The cogeneration engines are subjected to emissions limits as shown in 
Table 2.4. 

Table 2.4 Emission Limits for Existing Cogeneration Engines(1) 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Air Contaminant Emission Limit, lbs/hour each 
Reactive Hydrocarbons 2.1 
Nitrogen Oxide, as NO2 2.3 
Sulfur Dioxide 0.4 
Carbon Monoxide 8.0 
PM10 Particulate Matter 1.0 
Notes: 
(1) Information extracted from Table 6 of the 2003 Report. 

The engines are equipped with a continuous emission monitoring system, to ensure 
compliance with the NOx emissions limit. 

2.6.2.3 Projected Heat Needs 

The chapter showed that implementation of the TPAD options, as discussed in the previous 
chapter, would make maximum usage of the available heat produced by the cogeneration 
facility. As recommended, the projected additional heat required for the new sludge 
digestion system was estimated to be about 25 MMBtuh for raw sludge heating, with 
another 2 MMBtuh required for mesophilic digester shell heat losses and 2 MMBtuh 
required for thermophilic digester and sludge holding tank shell heat losses. The engines 
can provide only up to a maximum of 12 MMBtuh of heat, leaving 17 MMBtuh short. 

Nine heat production options were evaluated and they are listed below: 

1. Recovering engine after cooler heat. 

2. Replacing the Laboratory Building absorption chiller. 

3. Adding engine exhaust after-burners. 

4. Adding more boilers. 

5. Adding compressor heat recovery. 

6. Recovering digester sludge heat. 

7. Using water-source heat pumps. 
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8. Adding a solar hot water heating system. 

9. Adding natural gas-fired fuel cells. 

Of the nine options, only Option 4: addition of boilers and Option 6: digester sludge heat 
recovery were deemed promising and attractive options. The estimated construction cost 
for each heat production option was very similar, $3.58 million for Option 4 and 
$3.92 million for Option 6. The estimated annual Operation and Maintenance (O&M) cost 
for the sludge heat recovery option, however, was only one third the cost of the additional 
boilers option. Therefore, the study recommended implementation of the sludge heat 
recovery option. 

2.7 CHAPTER 7: TM NO. 4 - 
DEWATERING AND AIR DRYING OPTIONS 

Chapter 7 discussed the evaluation of belt press and centrifuge dewatering options to 
handle the anaerobically digested solids. It also included a discussion on the sludge-drying 
beds, which the RWQCP has since phased out due to odor problems. 

2.7.1 Objectives 

The objectives of this chapter, as stated in the 2003 Report, are listed below: 

1. Reviewed performance and operational data of the existing dewatering equipment at 
the time of the study. 

2. Assessed dewatering improvements/options in light of thickening and digestion 
options.  

3. Evaluated improvements to air-dried storage to address wet weather storage needs, 
air-dried product uses, and Class A sampling issues. 

4. Defined capital costs for dewatering and air-dried storage. 

2.7.2 Summary and Recommendations 

2.7.2.1 Existing Dewatering and Sludge-Drying Facilities 

This chapter included a description of the existing dewatering facilities and the 
Sludge-Drying Facilities at the time of the study. The RWQCP has discontinued the use of 
the 29 sludge-drying beds due to the continuous odor problems. The RWQCP had two 
2.2-meter Andritz SMX belt presses with an average capacity of 120 gpm each and a peak 
capacity of 220 gpm each, at the time of the study. The biosolids material was considered 
to be Class B product at the time of the study. 
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The following digested sludge characteristics were anticipated based on the thickening and 
digestion performance: 

1. Depending on the specific thickening and digestion process, a total solids content of 
between 1.9 and 3.2 percent. 

2. Depending on the specific digestion option used, a volatile solids content of 62 to 
67 percent. 

The anticipated digester sludge flow rates (based on 5 days/week, 16 hours/day operation) 
for the ultimate plant size of 50 mgd for the two thickening options were: 

1. Separate Thickening - average flow of 477 gpm and a peak 2-week flow of 667 gpm. 

2. Co-Thickening - average flow of 402 gpm and a peak 2-week flow of 563 gpm. 

2.7.2.2 Dewatering Options 

The two dewatering options considered in the study were the Andritz SMX belt presses and 
high-speed centrifuges. A centrifuge dewaters to a higher solids content than a belt press, 
but the electrical power load per machine is substantially higher with a centrifuge. Fewer 
numbers of operating machines and less foul air ventilation horsepower, however, would be 
required with centrifuges. Performance data for each option was included in Table 2 of the 
report. 

A cost and non-cost assessment for two dewatering options was included:  

• Option 1: 
Refurbished and new belt presses. 

• Option 2: 
All centrifuge dewatering. 

Based on the performance data and the dewatering design criteria, a total of five belt 
presses (two new, two existing, plus one spare) or three centrifuges (two operating and one 
spare) would be required.  

Layout and configuration of each option was provided in the chapter. Both options would 
require an addition to the west side of the existing dewatering building. 

The study also concluded that if centrifuges were used, the centrifuge dewatered cake has 
to be sent to heat drying facilities or taken off-site for land application, because odor from 
air-drying digested centrifuge biosolids is expected to be considerably greater than air 
drying of belt press cake. 

The recommendation called for upgrading the two existing belt presses and installing one 
centrifuge for 40 mgd. Installation of two additional centrifuges was recommended for 
50 mgd. Heat-drying capacity would be provided for centrifuge-dewatered cake. 
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2.7.2.3 Sludge-Drying Bed Improvements 

Sludge-drying bed improvements were discussed in the chapter, but since sludge-drying 
beds have since been phased out, these are not described in this report. 

2.8 CHAPTER 8: TM NO. 5 -  
HEAT DRYING OPTIONS 

This chapter discussed the different heat-drying options to ensure that the RWQCP 
biosolids meet Class A biosolids quality and allow for phasing out of the sludge-drying 
beds.  

2.8.1 Objectives 

The objectives of this chapter, as stated in the 2003 Report, are listed below: 

1. Identified heat-drying vendor systems, including systems that were lower-cost and 
may not produce commercial grade granules or pellets. 

2. Summarized product beneficial use markets. 

3. Prepared schematics, equipment sizing and layouts, as well as heat/energy 
requirements for drying. Identified heat source options and costs. 

4. Defined air emission and odor control limitations and provided necessary control 
equipment. 

5. Determined condensate characteristics and recycle impacts. 

6. Developed a cost estimate for an alternate capacity/size of a thermal-drying system to 
replace the sludge-drying beds. 

2.8.2 Summary and Recommendation 

Drying systems are categorized into “direct” or “indirect” dryers, in which direct dryers 
normally use heated air as a heating source, and indirect dryers use steam or hot oil as a 
heating source. The dry product from the dryer is generally valued based on its nitrogen 
content for use as a fertilizer amendment. It is important to minimize the temperature and 
moisture content of the final product, as well as the oxygen content in the air/gas that is in 
contact with the heat-dried product to prevent auto-heating. The exhaust air stream 
organics from the sludge would also need to be controlled to limit the concentrations of air 
contaminants. 

Eight heat-drying systems (a mixture of direct and indirect systems) were described in the 
chapter. Five of these systems were well suited for plants that are at least the RWQCP 
size, and their final products were all pellet or granules of uniform size. However, these 
systems would cost tens of millions of dollars for handling the RWQCP drying needs.  
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The remaining three systems were more economical, but would produce a less uniform and 
contain a much larger variety of particle size in the finished products. These three options 
were:  

1. Fenton. 

2. InnoDry.  

3. Komline-Sanderson processes.  

The chapter included detailed descriptions of the systems. 

The Fenton dryer runs in batch operation and has a capacity of 13.7 cubic-yards per batch 
(cu-yd/batch), while the InnoDry and Komline-Sanderson are continuous-feed dryers and 
both have a capacity of 10 dry tons per day (dtpd). The Fenton dryer requires the most heat 
energy (1,600 Btu/lb of water), while the Komline-Sanderson dryer requires the least energy 
(1,130 Btu/lb). Based on these energy requirements, it would take approximately 1.5 to 
2.2 million Btu of heat to dry a wet ton of 20-percent solids sludge to a 90-percent dry 
product.  

All three sludge dryers required use of a hot oil or thermal fluid to indirectly heat the sludge. 
The temperature requirement for the hot oil is about 340 to 420 degrees Fahrenheit. 
Compared to the hot water heat recovery potential from the RWQCP cogeneration system 
(modifications can be made to increase the cogeneration system heating water to 
200 degrees Fahrenheit), the hot oil temperature is much higher.  

For the study in this chapter, it was assumed that a portion of the cogeneration heat would 
be used to warm the oil heater burners’ combustion air, thus, reducing the amount of 
natural gas fuel needed. 

A list of dryer system components was included in the chapter, as well as the sludge dryer 
auxiliary systems for all three options. 

The RWQCP heat-drying alternatives criteria and costs were estimated, based on the 
projected dewatered sludge production and each of the alternatives drying capacity. The 
number of heat dryers required depended on the type of operation (7 days versus 5 days a 
week). Table 2.5 lists the heat-drying criteria and capital cost estimates. 

The estimates showed that both capital and life-cycle costs for all three systems were very 
similar. The study suggested that the initial heat-drying facility would not need to include all 
the units as shown above. It suggested that the installation be split into two phases where 
Phase 1 assumed a combination of belt press and centrifuge dewatering and Phase 2 
assumed all centrifuge dewatering and complete phase out of the sludge-drying beds.  
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Table 2.5 Heat Drying Criteria and Capital Cost Estimate (50-mgd Facility)(1) 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
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2-13 

H
:\C

lient\R
iversid_S

A
O

W
\7472A

00\R
pt\Volum

e 08\C
h02.doc 

City of Riverside 

Process Design Criteria Fenton InnoDry Komline-Sanderson 

No. of units (7-day operation) 5 3 3 

No. of units (5-day operation) 6 4 4 

Average evaporation capacity, lb/hr (7-day operation) 6,157 6,157 6,157 

Average evaporation capacity, lb/hr (5-day operation) 8,620 8,620 8,620 

Peak evaporation capacity, lb/hr (7-day operation) 7,697 7,697 7,697 

Peak evaporation capacity, lb/hr (5-day operation) 10,775 10,775 10,775 

Total Capital Costs $19,860,000 $20,970,000 $15,510,000 

Total 20 Year Life-Cycle Cost in 2002 Dollars (4% interest) $20,770,000 $17,330,000 $15,510,000 

Notes: 
(1) Information extracted from Table 3 of TM No. 5. 

 



 

2.9 CHAPTER 9: TM NO. 6 -  
COMPOSTING OPTIONS 

This chapter evaluated the composting option as a solids treatment alternative to produce 
Class A biosolids. The study evaluated two enclosed processes: aerated static pile and 
in-vessel composting.  

2.9.1 Objectives 

The objectives of this chapter, as stated in the 2003 Report, are listed below: 

1. Defined biosolids composting arrangements and costs. 

2. Defined green waste quantities and characteristics available for composting. 

3. Developed alternative composting arrangements, schematics, and layouts, providing 
fully-contained and fully-controlled systems for odor control. 

4. Developed construction and capital cost estimates for alternative composting 
systems. 

2.9.2 Summary and Recommendations 

The primary objectives of composting systems are to destroy pathogenic organisms and to 
reduce moisture of the sludge to around 40 to 50 percent. Composting also stabilizes the 
organic wastes in the biosolids and produces a stable, manageable, and marketable end 
product. 

The primary feedstocks to a composting system are the dewatered biosolids and bulking 
agents such as woodchips or green waste. The bulking agents adjust the carbon to nitrogen 
ratio (C:N) of the mixture and provide the structure and porosity required to allow adequate 
air movement throughout the mixture. The bulking agents also increase the surface area for 
biological reactions to occur.  

As mentioned earlier, the two alternatives considered for evaluation were Aerated Static 
Pile Composting and In-Vessel Composting. Detailed descriptions of each alternative were 
included in the chapter.  

The study estimated that the RWQCP produces an average of 80 wet tons/day of biosolids 
and about 125 tons/day of green waste, which are available for composting. Based on 
these estimations, a composting facility with an operating capacity of 40 wet tons/day of 
biosolids is feasible. Both composting processes are capable of handling this feed rate. The 
advantages and disadvantages were described in the chapter.  

The study recommended the use of the In-Vessel process based on the proven track record 
and its adaptability to enclosed composting. The estimated space requirement for the 
composting facility was 4.9 acres, which included a process area, curing area, and biofilter 
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areas. The estimated total capital cost (including odor control for the entire building and 
composting ventilation) was approximately $34.8 million.  

The study concluded that composting was a possible solution for recycling biosolids and 
green waste for the RWQCP. However, due to the high costs and amount of labor involved 
in the composting process, it should only be considered to supplement other solids handling 
alternatives rather than be designed to handle the entire solids production at the RWQCP. 

2.10 CHAPTER 10: TM NO. 7 - 
SIDE STREAM TREATMENT OPTIONS 

This chapter documented the evaluation of side stream treatment options, which would 
reduce the oxygen demands in the activated sludge process by treating the dewatering 
process liquid separately.  

2.10.1 Objectives 

The objectives of this chapter, as stated in the 2003 Report, are listed below: 

1. Reviewed recycle stream treatment technology.  

2. Provided preliminary sizing criteria and costs for the selected alternative. 

3. Developed a process schematic and equipment needs for the side stream treatment 
alternative. 

2.10.2 Summary and Recommendations 

Six alternatives were evaluated for the side stream treatment. These included: 

1. Steam Stripping: 
Involves passing the filtrate through a stripper containing mass transfer media and in 
contact with steam. 

2. Activated Sludge Process: 
A conventional activated sludge plant built specifically to treat the side stream flow. A 
low SRT can be used due to the warm temperature of the waste stream. 

3. Short SRT Process: 
Similar to conventional activated sludge process, but with an additional feature. The 
waste nitrifying sludge from this process is added to the effluent from the process and 
returned back to the mainstream process, which accelerates the nitrification process 
in the mainstream process. 

4. SBR Process: 
A variant of the activated sludge process, where both aeration and settling are 
provided in a single tank. 
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5. SHARON Process: 
An activated sludge process operating at an elevated temperature. The process 
operates without a clarifier, thus all solids formed pass on into the effluent, which 
must be returned to mainstream process for further treatment. The nitrification stops 
at the formation of nitrite, which requires less oxygen. 

6. Trickling Filter: 
This process has been used for nitrification of side streams and in this application 
would require a high degree of solids removal to prevent coating onto the biofilm 
surface, which might displace the nitrifiers. 

The study compared the advantages and disadvantages of the six technologies and 
recommended the use of a conventional activated sludge process since it would make the 
best usage of the available tankage at the RWQCP. It would incorporate flexibility into the 
design to allow operation in either “Short SRT” or SHARON process modes.  

The following lists the major design assumptions/requirements that are necessary to 
convert the existing tankage to an activated sludge facility for side stream treatment: 

1. All available tankage would be necessary to accomplish nitrification. 

2. No reactor volume is available for denitrification. 

3. Old secondary clarifiers have sufficient structural integrity to level the floors to support 
diffuser installation. 

4. One of the old secondary clarifiers would be converted to its original duty with the 
addition of a new mechanism. 

5. DO control for both air modulation and pH control for pacing the caustic addition 
would be required. 

6. For the short SRT process, waste nitrified sludge piping is needed for both 
combinations with the main plant’s waste sludge and for addition to the mainstream 
plant’s influent.  

7. For the SHARON process, provisions for bypass of the secondary clarifier would be 
required. 

8. Return sludge pumping would be upgraded to have variable speed capability and be 
designed for 100 percent of average daily flow. 

The estimated capital cost for the side stream recycle treatment facilities was $6.4 million 
for reusing existing structures and $6.9 million to demolish the existing structures and build 
new facilities. Table 2.6 lists the preliminary design data for the centrate treatment facility, 
as presented in the chapter. 
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Table 2.6 Preliminary Centrate Treatment Facility Design Criteria(1) 

Wastewater Collection and Treatment Facilities Integrated Master Plan 
City of Riverside 

Item Value 
Average Future Centrate Loadings 

Flow, mgd 1.08 
Ammonia Nitrogen, mg/L 560 
Assumed Daily Load Peaking Factor 1.5 

Centrate Clarifier 
Number 1 
Diameter, feet 40 
Sidewater Depth, feet 10 
Average Surface Overflow Rate, gpd/sf 680 

Aeration Tank Volume 
Number 3 
Volume, mil gallons/each 0.375 
Sidewater Depth, feet 10 
Aerobic SRT, days 5 
MLSS, mg/L 900 to 3,700 
DO Control, mg/L  2.0 
Average/Peak Air Requirement, scfm 12,600/19,000 
Number of Blowers (variable speed) 3 
pH Control, units 7.2 to 8.0 
Average Causing Requirement, gpd/50% soln. 4,400 
Min. Storage Requirement, based on 14 days, gal 62,000 

Secondary Clarifier 
Number 1 
Diameter, feet 80 
Sidewater Depth, feet 10 
Average Surface Overflow Rate, gpd/sf 210 
Return Sludge Capacity, mgd 1 
Number RAS Pumps 1 duty + 1 standby 

Notes: 
(1) Information extracted from Table 2 of the 2003 Report. 
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2.11 CHAPTER 11: TM NO. 8 - 
EVALUATION OF OPTIONS 

This chapter summarized and evaluated the recommendations from the previous chapters 
and developed recommended solids handling process facilities for the RWQCP. It also 
provided a preliminary estimate of capital costs. 

2.11.1 Objectives 

The objectives of this chapter, as stated in the 2003 Report, are listed below: 

1. Reviewed and compared options presented in the previous chapters. 

2. Recommended facilities including immediate improvements needed to address 
capacity problems, as well as phasing options for facilities up to 40 mgd. 

3. Developed costs for the recommended facilities and improvements. 

2.11.2 Summary and Recommendations 

The chapter recapped the RWQCP existing facilities and the treatment plant’s capacity at 
the time of the study. As stated above, it also summarized the evaluations and 
recommendations from each of the previous chapters. A brief summary of the 
recommendations of each chapter is listed below: 

1. Thickening Process: 
The study recommended construction and conversion to co-thickening, addition of a 
new DAFT to be constructed for co-thickening, and retrofit of the other existing 
DAFTs to be part of the co-thickening system. 

2. Digestion Options: 
The chapter evaluated two options: 
Mesophilic Digestion and TPAD. It recommended continued operation of Mesophilic 
Digestion based on the similar life-cycle cost of both options. TPAD could be 
considered at a later date. 

3. Heat Energy Usage Options: 
Since TPAD was not recommended; there is enough heat energy to continue to 
operate the digesters in the mesophilic mode. A shortfall of heat from cogeneration 
was predicted when the plant is operated at 50 mgd. The shortfall could be provided 
by adding a new boiler or replacing the absorption chiller with an electric chiller. 
About 2 to 4 MMBtuh of surplus heat would be available to warm the oil before it is 
brought up to the necessary heat-drying temperatures. 

4. Dewatering and Sludge-Drying Bed Options: 
The chapter recommended the use of centrifuges to supplement belt press 
dewatering to provide for additional dewatering capacity. Ultimately three new 
high-capacity (200-gpm) centrifuges would be needed to provide sufficient capacity 
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with adequate redundancy. It also recommended that the sludge-drying beds be 
phased out and replaced with heat-drying. 

5. Heat-Drying Options: 
Three indirect drying systems were evaluated. The costs of all three systems were 
similar. The study recommended implementing heat-drying facilities and further 
evaluation during final design. 

6. Composting Options: 
Composting requires significant odor control and it is a labor and land intensive 
process; therefore it was not recommended for the RWQCP. 

7. Side Stream Recycle Treatment: 
The study recommended the use of conventional activated sludge, using the four old 
sedimentation tanks and one gravity thickener as the process tankage. The City 
decided at a review meeting not to implement this process.  

The chapter developed options for the solids handling facilities expansion in two phases, 
Phase 1 for 40 mgd and Phase 2 for 50 mgd. The list of recommended facilities and 
improvements can also be found in Chapter 1 - Recommended System of the 2003 Report. 
The total capital cost for Phase 1 was estimated to be $26.8 million and $32 million for 
Phase 2. A site plan for the ultimate 50-mgd facilities was also included in the report. 
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Appendix A 
BIO-SOLIDS HANDLING IMPROVEMENTS FINAL REPORT 
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