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Abbreviations 

F  alpha factor 

μg/L  micrograms per liter 

A/A Trunk Sewer  Acorn/Arlanza Trunk Sewer 

AACE  Advancement of Cost Engineering 

AADF  annual average daily flow  

AAF  average annual flow 

AB  Assembly Bill 

ABS  Acrylonitrile‐Butadiene‐Styrene 

ACI  American Concrete Institute 

ACP  asbestos cement pipe 

ACS  American Community Survey 

ACT treatment train  Activated treatment train 

ADC  alternative daily cover 

ADEQ  Arizona Department of Environmental Quality 

ADF  average daily flow 

ADWF  average dry weather flow 

AFY  acre‐feet per year 

APAD  acid‐phase anaerobic digestion 

AQMD  Air Quality Management District 

AQMP  Air Quality Management Plan 

ARB  California Air Resources Board 

ARVs  air release valves 

ASCE  American Society of Civil Engineers 

AWT  Advanced Water Treatment 

BACT  best available control technology 
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BMP  best management practices 

BNR  Biological nutrient removal 
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BPTC  Best Practicable Treatment or Control 

Btu/lb  British thermal unit per pound 

BWF  base wastewater flow 

C  Celsius 

CaCO   calcium carbonate 

Carollo  Carollo Engineers, Inc. 
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CASA  California Association of Sanitation Agencies 

CCB  chlorine contact basin 

CCF  hundred cubic feet 

CCI  Construction Cost Index 

CCTV  Closed Circuit Television 

CDFW  California Division of Fish and Wildlife 

CDM  Camp Dresser & McKee, Inc. 

CECs  Contaminants of Emerging Concern 

CEQA  California Environmental Quality Act 

CESA  California Endangered Species Act 

cfd  cubic feet per day 

cfm  cubic feet per minute 

cfs  cubic feet per second 

CIP  Capital Improvement Program 

City  City of Riverside 

CIWQS  California’s Integrated Water Quality System 

CMB  Combustion Sources 

CMMS  Computerized Maintenance Management System 

CNG  compressed natural gas 

CO   carbon dioxide 

COD  chemical oxygen demand 

COS  cost‐of‐service 

cP  centipoise 

CSCI  California Stream Condition Index 

CSD  Community Services Districts 

CTS  Coatings and Solvents 

cu ft  cubic feet 

CWA  Clean Water Act 

CWC  California Water Code 

CWEA  California Water Environment Association 

DAF  dissolved air flotation 

DAFT  dissolved air flotation thickeners 

days/week  days per week 

DCR  demand‐capacity ratio 

DDW  California Division of Drinking Water 

DG  digester gas 

DIR  Department of Industrial Relations 

DMR  discharge monitoring report 

DU  dwelling unit 
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DWF  dry weather flow 

EBRT  empty bed residence time 

EC  Emerging Constituents 

EDR  electro‐dialysis reversal 

EDU  equivalent dwelling units 

EGM  Emission Growth Management 

EIR  Environmental Impact Report 

EnerTech  EnerTech Environmental California, LLC 

ENR  Engineering News Record 

EPA  Environmental Protection Agency 

EQ  equalization 

ESA  Endangered Species Act  

F  Fahrenheit 

FDA  Food & Drug Administration 

Flo‐Dar  Marsh‐McBirney Flo‐Dar™ 

FLX  Compliance Flexibility Program 

FOG  fats, oils, and grease 

fps  feet per second 

ft  feet 

FTE  Full Time Employee 
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FY  fiscal years 

g  grams 

gal  gallons 

GBT  gravity belt thickeners 

GHG  Greenhouse Gas 
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GL  General Ledger 
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gpd  gallons per day 
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HGL  hydraulic grade line 

HID  High‐Intensity Discharge 

hp  horsepower 

hr  hour 
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hrs/day  hours per day 

HS‐  hydrogen sulfide ion 

HVAC  heating, ventilation, and air conditioning 

I/I  Infiltration/inflow 

IEBL  Inland Empire Brine Line 

IEUA  Inland Empire Utilities Agency 

in.  inch 

iPACS  Internet‐based POTW Administration and Compliance System 

IRWD  Irvine Ranch Water District 

IT  Information Technology 

IWWMP  Integrated Wastewater Master Plan 

klb/d  thousand pounds per day 

klbN/d  thousand pounds of nitrogen per day 

KPI  Key Performance Indicator 

kWh  kilowatt hour 

lbs  pounds 

lbs/cfd  pounds per cubic feet per day 

lbs/ft   pounds per cubic feet 

LF  linear feet 

LIMS  Laboratory Information Management System 

LM  Longitudinal Motion 

LOTO  Lock Out / Tag Out 

LRO  legally responsible official 

Master Plan  Integrated Master Plan for the Wastewater Collection and Treatment 
Facilities 

MBR  Membrane Bioreactor 

MBR treatment train  Membrane Bioreactor treatment train 

MCC  motor control center 

MCS  Multiple Component Sources 

MDD  maximum day demand 

MDL  Method Detection Limits 

MF  microfiltration 

MFR  multi‐family residential 

MG  million gallons 

mg‐min/L  milligrams per minute per liter 

mg/L  milligrams per liter 

mgd  million gallons per day 

mgN/L  milligrams of nitrogen per liter 

min  minute 
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min/hr  minutes per hour 

ML&C  mortar lined and coated 

MLSS  mixed liquor suspended solids 

mm  millimeter 

MMBtu  million British thermal units 

MMBtu/hr  million British thermal units per hour 

MMRP  Measurement, Monitoring and Reporting Procedures 

MOB  Mobile Source Programs 

MP  Master Plan 

MPN  most probable number 

MRP  Monitoring and Reporting Program 

msl  mean sea level 

mV  millivolt 

N/L  nitrogen per liter 

N O  nitrous oxide 

NACWA  National Association of Clean Water Agencies 

NaHSO   sodium bisulfite 

NaOCl  sodium hypochlorite 

NASSCO  National Association of Sewer Service Companies 

NEC  National Electric Code 

NELAC  National Environmental Laboratory Accreditation Conference 

NELAP  National Environmental Laboratory Accreditation Program 

NFPA  National Fire Protection Association 

NGO  Non‐Governmental Organizations 

NH ‐N  ammonia nitrogen 

NOAA  National Oceanic and Atmospheric Association 

NOI  notice of intent 

NOX  Nitrogen oxides 

NPDES  National Pollutant Discharge Elimination System 

NTU  nephelometric turbidity unit 

O&M  Operations and Maintenance 

OCSD  Orange County Sanitation District 

OERP  Overflow Emergency Response Plan 

OES  Office of Emergency Services 

OJT  On‐the‐Job Training 

ORP  Oxidation‐Reduction Potential 

P/L  phosphorus per liter 

PACP  Pipeline Assessment Certification Program 

PAYGO  Pay‐As‐You‐Go 
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PDR  Preliminary Design Report 

PEIR  Programmatic Environmental Impact Report 

PFRP  Process to Further Reduce Pathogens 

PLC  programmable logic controller 

POTW  Publicly Operated Treatment Work 

ppbv  parts per billion by volume 

ppcd  pounds per capita per day 

ppd  pounds per day 

ppd/cu ft  pounds per day per cubic feet 

ppd/sq ft  pounds per day per square feet 

pph  pounds per hour 

ppm  parts per million 

psf  pounds per square foot 

psi  pounds per square inch 

PTZ  Pan‐Tilt‐Zoom 

PVC  Polyvinyl Chloride 

PWS  potable water salinity 

PWWF  peak wet weather flow 

QICS  Qualitative Intelligence and Communication System 

R&R  rehabilitation and repair 

RAS  return activated sludge 

RCNLD  Replacement Cost New Less Depreciation 

RCP  reinforced concrete pipe 

RDII  Rain Derived Infiltration and Inflow 

RDT  rotary drum thickeners 

RECLAIM  Regional Clean Air Incentives Market 

Regional Board  California Regional Water Quality Control Board 

RG  rain gauge 

RNG  renewable natural gas 

RO  reverse osmosis 

RPU  Riverside Public Utilities 

RST  rotary screw thickeners 

RTP  Regional Transportation Plan 

RWQCB  Regional Water Quality Control Board 

RWQCP  Regional Water Quality Control Plant 

S ‐  sulfide ion 

SARDA  Santa Ana River Dischargers Association 

SART  Santa Ana River Trail 

SB  Senate Bill 
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sBOD  Soluble biochemical oxygen demand 

SBT  sludge blending tank 

SCADA  supervisory control and data acquisition 

SCAG  Southern California Association of Governments 

SCAP  Site Cleanup Subaccount Program 

SCAQMD  South Coast Air Quality Management District 

scfm  standard cubic feet per minute 

sCOD  soluble chemical oxygen demand 

SECAP  System Evaluation and Capacity Assurance Plan 

SFR  single‐family residential 

SFY  square feet per year 

SIU  Significant Industrial Users 

SLCP  Short Lived Climate Pollutant 

SLR  solids loading rate 

SOC  Strengths, Opportunities, and Concerns 

SOP  Standard Operating Procedures 

SOR  surface overflow rate 

South Star  South Star Engineering & Consulting, Inc. 

SOX  Sulphur oxides 

sq mi  square mile 

SQR  Structural Quick Rating 

SRF  State Revolving Fund 

SRT  solids retention time 

SS  stainless steel 

SSC  Sustainable Communities Strategy 

SSMP  Sewer System Management Plan 

SSO  Sanitary Sewer Overflows 

State Water Board  California State Water Resources Board 

SWMM  Storm Water Management Model 

SWRCB  State Water Resources Control Board 

TDS  total dissolved solids 

TIN  total inorganic nitrogen 

TKN  total Kjeldahl nitrogen 

TL   

TM  Technical Memorandum 

TMDL  total maximum daily load 

TN  total nitrogen 

TOC  total organic carbon 

TP  total phosphorus 
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TS  total solids 

TSS  total suspended solids 

TST  Test for Significant Toxicity 

URS  URS Corporations 

USACE  United States Army Corps of Engineers 

USBR  U.S. Department of the Interior Bureau of Reclamation 

USFWS  United States Fish and Wildlife Service 

USGS  United States Geological Survey 

UV/AOP  Ultraviolet/Advanced Oxidation Process 

V&A  V&A Consulting Engineers 

VCP  Vitrified Clay Pipe 

VFA  volatile fatty acids 

VFD  variable frequency drive 

VSR  volatile solids reduction 

VSS  volatile suspended solids 

WaPUG  Wastewater Planning Users Group 

WAS  waste activated sludge 

WDR  Waste Discharge Requirements 

WLAM  Waste Load Allocation Model 

WMWD  Western Municipal Water District 

WQMP  Water Quality Management Plan 

WRCRWA  Western Riverside County Regional Wastewater Authority 

wt  wet ton 

WTPD  wet tons per day 

WWTP  wastewater treatment plant 

ZLD  Zero Liquid Discharge 
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Chapter 1 

EXISTING FACILITIES 

1.1   Purpose 

The purpose of this chapter is to summarize and describe the existing facilities of the solids 
treatment and handling portion of the City RWQCP. This chapter presents design criteria of the 
unit processes, but does not include an evaluation of the design and reliability criteria of the unit 
processes, which will be described in Volume 4, Chapter 3. Furthermore, this chapter is limited 
only to the solids treatment side and does not include liquid handling facilities, which are described 
in Volume 4, Chapter 1. 

1.2   Background 

The solids handling facilities include thickening, digestion, and dewatering processes, whereas, 
liquid handling facilities include preliminary, primary, secondary, and tertiary treatment 
processes. The RWQCP currently treats approximately 28 mgd AAF. The RWQCP has a rated 
hydraulic capacity of approximately 46 mgd AAF. The City seeks to develop an update to the 
Master Plan to identify and plan for expansion and replacement needs for up to the year 2037. 
Efficient solids handling processing is an integral part of the RWQCP operation. With proper 
planning and appropriate implementation of biosolids handling process improvements, the 
RWQCP will be able to cost-effectively treat and dispose of wastewater solids. 

1.3   Existing Solids Handling Facilities 

Figure 1.1 shows the layout of the existing facilities. The RWQCP consists of approximately 
100 acres of land. The main entrance to the plant is on Acorn Street. 

Figure 1.2 shows a flow schematic for the plant solids handling facilities based on current 
operation. RWQCP solids handling facilities are fed solids from primary and secondary treatment 
processes from two separate treatment trains. The two separate treatment trains are the MBR 
treatment train (Plant 1) and the ACT treatment train (Plant 2). 

The solids handling facilities that are part of the RWQCP consist of DAFT for WAS thickening, 
mesophilic anaerobic digestion of primary and secondary solids, and screw press and centrifuge 
dewatering of digested sludge. The plant originally had 29 sludge drying beds (total area of 
8 acres) as part of its sludge disposal practice, but they were abandoned or demolished many years 
ago due to the odor complaints from neighboring businesses and due to their large land 
requirement which diminishes possible expansion of the treatment plant. Currently, dewatered 
biosolids are being land applied off-site in Arizona. 

1.3.1   Dissolved Air Flotation Thickening 

DAFT is used to thicken the WAS from the secondary treatment processes. This process reduces 
the overall volume of the solids and concentrates them into a stream that can be more 
economically treated. Solids separated via membranes from the MBR treatment train (Plant 1) 
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and clarifiers from the ACT treatment train (Plant 2) are combined and thickened in the DAFTs to 
a solids concentration of about 6 percent. Design criteria for the DAFTs are shown in Table 1.1. 

Table 1.1 DAFT Criteria 

Description Unit Values 

DAFT   

Number - 2 Duty 

Diameter ft. 37 

Gross Surface Area, each sq. ft. 1,018 

Effective Surface Area, each sq. ft. 943 

Total Surface Area w/one unit out-of-service sq. ft. 943 

Air-to-Solids Ratio - 0.25 to 0.04 

Capture Rate % 95 

TWAS Transfer Pumps   

Number - 1 per DAF 

Type - Progressive Cavity 

Capacity, each gpm 150 

Recycle Pressurization Pumps (Duplex)   

Number - 1 per DAF 

Type - Duplex, Centrifugal 

Capacity, each gpm 1,000 
Notes: 
Source: 2008 RWQCP Wastewater Collection and Treatment Facilities Integrated Master Plan. 

1.3.2   Primary Clarifiers/Thickeners 

The RWQCP primary clarifiers serve to separate scum and thicken and remove settleable solids 
from the wastewater. Primary clarifiers at the RWQCP typically thicken sludge to 4 percent solids 
content and then pump the sludge to the solids blending facility for homogenization with 
secondary solids. Refer to Volume 4 Chapter 1 for criteria for the primary clarifiers. 

1.3.3   Solids Blending Facility 

The solids blending facility blends sludge upstream of the anaerobic digesters to improve digester 
performance. Blending homogenizes the multiple residual streams, reduces the daily digester 
loading fluctuations, and improves digestion stability. The sludge blending system includes ferric 
chloride pump and storage station, sludge blending tanks, pumped recirculation systems, in-line 
grinders, and digester feed pumps. 
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Figure 1.1 2017 Existing Facilities Layout  
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Figure 1.2 Process Flow Schematic 





EXISTING FACILITIES | VOL 5 | CH 1 | CITY OF RIVERSIDE 

FINAL | JUNE 2019 | 1-7 

1.3.3.1   Ferric Chloride Pump and Storage Station 

The ferric chloride pump and storage facility provides the storage of ferric chloride, additionally, 
the facility provides the capability to pump ferric chloride into the solids blending tanks to aid in 
coagulation. 

Table 1.2 Ferric Chloride Pump and Storage Facility 

Description  Value 
Storage Tanks   

Number - 2 
Diameter, each ft. 12 
Capacity gal 10,000 

Ferric Chloride Pumps   
Number - 2 duty + 1 Standby 
Type - Peristaltic 

1.3.3.2   Sludge Blending Tanks 

The SBTs provide for blending of the various residuals waste streams and equalize the flow, 
allowing the digesters to be fed at a constant rate. Table 1.3 summarizes the design criteria for the 
sludge blending tanks. 

Table 1.3 Sludge Blending Tanks 

Description Units Value 

Number - 2 Duty 

Diameter, each ft. 15 

Side Water Depth, each ft. 16 

Capacity, each gal 21,000 

One Tank HRT(1) hr 1.15 
Notes: 
(1) Based on a peak load from 52 mgd annual average influent flow. 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

1.3.3.3   Pumped Recirculation Systems 

Each SBT is equipped with a pumped recirculation system to rapidly mix the sludge and produce 
a homogenized feed for the digesters. Table 1.4 summarizes the design criteria for the pumped 
recirculation system mixing pumps. 

Table 1.4 Pumped Recirculation System Mixing Pump Design Criteria 

Description Units Value 

Number - 2 Duty (1 per SBT) 

Type - Constant Speed, Chopper 

Recirculation Flow Rate, each gpm 776 

Total Discharge Head ft. 59 

Motor Horsepower hp 25 
Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 



CITY OF RIVERSIDE | VOL 5 | CH 1 | EXISTING FACILITIES 

1-8 | JUNE 2019 | FINAL 

1.3.3.4   In-Line Grinder 

Sludge goes through in-line grinders before it is pumped by the digester feed pumps. In-line 
grinders help breakdown stringy or fibrous material to protect pumps. Table 1.5 summarizes the 
design criteria for the in-line grinders. 

Table 1.5 In-Line Grinder Design Criteria 

Description Units Value 

Number - 2 Duty (1 per SBT) 

Line Size inch 10 

Motor Horsepower hp 5 

Motor Type Ea. Constant Speed 
Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

1.3.3.5   Digester Feed Pumps 

The digester feed pumps pump sludge from the sludge blending tanks to the anaerobic digesters. 
Table 1.6 summarizes the design criteria for the digester feed pumps 

Table 1.6 Digester Feed Pumps 

Description Units Value 
Number - 2 Duty + 1 Standby 
Type - VFD, Progressive Cavity 

Capacity, each gpm 
150 (Digester Nos. 1 and 2) 
200 (Digester Nos. 3 and 4) 

200 (Standby) 
Total Discharge Head psi 22/33 
Motor Horsepower hp 30/40 

Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

1.3.4   FOG Receiving and Rendering (Co-Digestion) Facility 

The FOG Receiving and Rendering Station (FOG facility) is capable of receiving, processing and 
transferring 60,000 gallons of grease per day to the Sludge Blending Facility. When FOG is first 
received at the co-digestion facility, it is screened and ground to remove larger solids and reduce 
the average size of any remaining solids. The FOG is discharged to below-grade hoppers for 
subsequent pumping to the SBTs. The co-digestion facility includes a FOG (septage) receiving 
station, a pumped recirculation mixing system, heat exchangers, and a FOG transfer pump. 

1.3.4.1   Fog Receiving Station 

The receiving station is a packaged system that includes camlock connections for the trucks that 
deliver the FOG to the RWQCP, rock traps, in-line solids grinders, receiving tanks, screening and 
washing systems, inclined augers, and compactors. It has two bays so FOG can be received from 
two trucks at the same time. Table 1.7 summarizes the design criteria for the FOG receiving 
station. 



EXISTING FACILITIES | VOL 5 | CH 1 | CITY OF RIVERSIDE 

FINAL | JUNE 2019 | 1-9 

Table 1.7 FOG Receiving Station Design Criteria 

Description  Value 

FOG Receiving System   
Overall System Capacity gpd 60,000 

FOG Receiving Bays   
Number - 2 

Number of FOG Deliveries(1) - 
8 for 5,500 Gallon Trucks 

10 for 3,500 Trucks 

Time to Empty Truck min 
60 for 5,500 Trucks 

53 for 3,500 Gallon Trucks 
Quick Coupling Diameter in. 4 
Number of Rock Traps - 2 

Inline Solids Grinder   
Number - 2 
Line Size in. 4 
Motor Horsepower hp 5 

FOG Screens   
Number - 2 
Screening Capacity(2),each gpm 50 
Auger Motor Horsepower hp 2 
Discharge Port Size in. 12 

Lateral Rock Transfer Conveyors   
Number - 2 
Motor Horsepower hp 2 

Inclined Main Rock Screw Conveyor   
Number - 1 
Motor Horsepower hp 2 

Notes: 
(1) Per 8-hour day 
(2) Based on clean water. 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

1.3.4.2   Fog Receiving Hoppers 

Each bay of the FOG receiving station discharges screened FOG to below-grade hoppers. The 
hoppers have a capacity to store half a day of FOG. Each hopper includes a pumped recirculation 
system and heat exchanger to maintain the FOG in a homogenous and flowable state. Table 1.8 
summarizes the design criteria for the FOG hopper. 

Table 1.8 FOG Hoppers Design Criteria 

Description Units Value 
Number - 2 
Capacity, each gal 15,000 
Length ft. 17 
Width ft. 10 
Side Water Depth ft. 8 

Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 
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1.3.4.3   FOG Pumped Recirculation System 

The pumped recirculation system for the FOG hoppers is designed to turn over the hopper 
contents in one hour. Table 1.9 summarizes the design criteria for the FOG pumped recirculation 
system mixing pumps. 

Table 1.9 FOG Pumped Recirculation System Mixing Pump Design Criteria 

Description  Value 
Number - 2 (1 per Heat Exchanger) 
Type - Constant Speed, Chopper 
Capacity, each gpm 125 
Total Dynamic Head ft. 77 
Motor Horsepower hp 15 

Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

1.3.4.4   Heat Exchangers 

The FOG is heated to maintain flow-ability and facilitate pumping. Each FOG hopper includes a 
heat exchanger to maintain the temperature at 100 degrees F – 110 degrees F. Table 1.10 
summarizes the design criteria for the FOG heat exchangers. 

Table 1.10 FOG Heat Exchanger Design Criteria 

Description  Value 

Heat Exchangers   

Number - 2 Duty (1 per hopper) 

Type - Spiral Plate Counter-Current lows 

Design Temperature Rise degrees F 30 

Heat Exchange, Total MMBtu/hr 1.375 

Volumetric Flow Rate – Hot Water gpm 150 

Volumetric Flow Rate – FOG gpm 125 

Hot Water Secondary Loop Pump   

Number - 2 Duty (1 per Heat Exchanger) 

Type - Constant Speed, Centrifugal 

Capacity gpm 150 

Total Discharge Head ft. 45 

Motor Horsepower hp 5 
Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

1.3.4.5   FOG Transfer Pumps 

The FOG transfer pumps pump FOG from the hopper to the SBTs. Table 1.11 summarizes the 
design criteria for the FOG transfer pumps. 
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Table 1.11 FOG Transfer Pump Design Criteria 

Description  Value 

Number - 2 (1 per hopper) 

Type - Constant Speed, Progressive Cavity 

Capacity, each gpm 167 

Discharge Pressure psi 33 

Motor Horsepower hp 30 
Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

1.3.5   Digestion System 

In the digestion system, the blended solids from primary treatment, the DAF thickeners, and FOG 
receiving station are processed in the absence of air. This reduces the solids volume, stabilizes the 
sludge, and produces methane gas as a byproduct that can be burned for energy. The digestion 
system consists of the anaerobic digesters, linear motion mixers, standby pumped recirculation 
systems, digester heating recirculation pumps, heat exchangers, foam spray pumps, and sludge 
transfer pumps 

1.3.5.1   Anaerobic Digesters 

The RWQCP currently operates the four 90-foot diameter tanks as active digesters and has one 
standby 75-foot digester that can be placed in service but requires rehabilitation before doing so. 

Digesters Nos. 1 and 2 are 90-foot diameter digesters with a capacity of 1.8 MG (each). Digester 
Nos. 3 and 4 are 90-foot diameter digesters with a capacity of 2.1 MG (each). Digester No. 5 is a 
75-foot diameter digester with a capacity of 1.1 MG. The digesters receive homogenized solids 
from the SBTs, these solids originate from thickened primary and secondary sludge, and primary 
scum. Currently, the RWQCP has the capability to add FOG to the SBTs to be fed to the digesters 
to increase gas production. After digestion, the stabilized solids are transferred to the dewatering 
screw presses and centrifuge. Table 1.12 summarizes the design criteria for the anaerobic 
digesters. 

Table 1.12 Anaerobic Digester Design Criteria 

Description Unit Value 

Digester Nos. 1 & 2   

Number - 2 

Cover Type - Gas Cover Dome 

Diameter, each ft. 90 

Side Water Depth (Total) ft. 32 

Bottom Cone Slope, Horizontal to Vertical - 4 

Bottom Dome Depth ft. 11.25 

Cover Cone Height ft. 10 

Total Volume, each MG 1.800 
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Table 1.12 Anaerobic Digester Design Criteria (continued) 

Description Unit Value 

Digester Nos. 3 & 4   

Number - 2 

Cover Type - Submerged Dome 

Diameter, each ft. 90 

Side Water Depth (Total) ft. 48 (38 Side Water+10 Submerged Dome) 

Bottom Cone Slope, Horizontal to Vertical - 4:1 

Bottom Cone Depth ft. 11.25 

Cover Cone Height ft. 10 

Total Volume, each MG 2.068 

Digester No. 5 (Standby)   

Number - 1 

Cover Type - Gas Cover Dome 

Diameter, each ft. 75 

Side Water Depth (Total) ft. 32 

Bottom Cone Slope, Horizontal to Vertical - 4 

Bottom Cone Depth ft. 11.25 

Cover Dome Height ft. 10 

Total Volume, each MG 1.150 
Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

1.3.5.2   Primary Sludge Mixing System 

The goals of digester mixing are to provide high turnover of the digester contents, to minimize 
deposition of grit, and to break up scum. Effective digester mixing is widely acknowledged to be a 
critical factor in achieving good anaerobic digestion, both in terms of volatiles reduction and 
process stability. Linear motion mixers were provided in the digesters Nos. 3 and 4 and retrofitted 
to digesters Nos. 1 and 2. The linear motion mixers utilize oscillating ring-shaped impellers to 
provide near isotropic mixing while minimizing turbulence intensity and vorticity associated with 
rotary type mechanical mixers. Table 1.13 summarizes the design criteria for the linear motion 
mixers. The standby digester is mixed by a pumped recirculation system. The information on this 
system is included in Table 1.13. 

Table 1.13 Primary Sludge Mixing System Design Criteria 

Description Unit Value 

Digester Nos. 1 & 2   

Number - 2 (1 per Digester) 

Type - Constant, Linear Motion 

Hydraulic Disk Diameter in. 96 

Motor Horsepower hp 20 
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Table 1.13 Primary Sludge Mixing System Design Criteria (continued) 

Description Unit Value 

Digester Nos. 3 & 4   
Number - 2 (1 per Digester) 
Type - Constant, Linear Motion 
Hydraulic Disk Diameter in. 96 
Motor Horsepower hp 25 

Digester No. 5 (Standby)    
Number - 2 
Type - Constant Speed, Chopper 
Capacity, each gpm 6,670 
Total Dynamic Head ft. 41 
Pump Speed rpm 750 
Motor Horsepower hp 125 
Digester Tank Turnover Time hr 2.6 

Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

1.3.5.3   Standby Sludge Mixing System 

Digester pumped recirculation systems provide good mixing performance, but have higher 
horsepower requirements than the linear motion mixer. However, if the linear motion mixer is out 
of service, a backup mixing system is required. Pumped recirculation systems are provided to 
allow continued operation of the digesters if the primary mixers are offline for maintenance or 
repair. Table 1.14 summarizes the design criteria for the Standby Sludge Mixing System. 

Table 1.14 Standby Sludge Mixing System Design Criteria 

Description Unit Value 

Digester Nos. 1 & 2   
Number - 4 (2 per Digester) 
Type - Constant Speed, Vortex Centrifugal 
Capacity, each gpm 3,500 
Total Dynamic Head ft. 18 
Pump Speed rpm 460 
Motor Horsepower hp 25 
Digester Tank Turnover Time hr 4.3 

Digester Nos. 3 & 4   
Number - 4 (2 per Digester) 
Type - Constant Speed, Chopper 
Capacity, each gpm 6,670 
Total Dynamic Head ft. 41 
Pump Speed rpm 750 
Motor Horsepower hp 125 
Digester Tank Turnover Time hr 2.6 

Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 



CITY OF RIVERSIDE | VOL 5 | CH 1 | EXISTING FACILITIES 

1-14 | JUNE 2019 | FINAL 

1.3.5.4   Digester Sludge Heating System 

Proper heating of the digester is required to achieve optimum digestion rates, which allow for 
maximum volatile solids reduction and gas production. The heat exchangers provide heat to the 
sludge and maintain the digester sludge temperature at 98 degrees F or greater. There are 
ancillary heating equipment (sludge recirculation pumps and hot water pumps) that serve to 
provide an optimum environment for digestion. Table 1.15 and Table 1.16 summarize the design 
criteria for the digester sludge heating system. 

Table 1.15 Digester Nos. 1 & 2 Sludge Heating System Design Criteria 

Description Unit Value 

Hot Water Boilers   

Number - 2 

Type - Water Tube 

Heat Output, each MMBtu/hr 7.2 

Blower Motor Horsepower hp 7.5 

Hot Water Primary Loop Pump   

Number - 2 Duty + 1 Standby 

Type - Constant Speed, Centrifugal 

Capacity gpm 300 

Total Discharge Head ft. 65 

Motor Horsepower hp 15 

Heat Exchangers   

Number - 2 (1 per Digester) 

Type - Spiral Plate, Countercurrent Flows 

Heat Exchange MMBtu/hr 2 

Max Allowable Overpressure psi 50 

Max Allowable Temperatures degrees F 300 

Volumetric Flow Rate – Hot Water gpm 350 

Volumetric Flow Rate – Sludge gpm 350 
Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

Table 1.16 Digester Nos. 3 & 4 Sludge Heating System Design Criteria 

Description Unit Value 

Hot Water Secondary Loop Pump   

Number - 2 (1 per Digester) 

Type - Constant Speed, Centrifugal 

Capacity gpm 350 

Total Discharge Head ft. 51 

Motor Horsepower hp 10 
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Table 1.16 Digester Nos. 3 & 4 Sludge Heating System Design Criteria (continued) 

Description Unit Value 

Heat Exchangers   

Number - 2 (1 per Digester) 

Type - Spiral Plate, Countercurrent Flows 

Heat Exchange MMBtu/hr 2.455 

Max Allowable Overpressure psi 50 

Max Allowable Temperatures degrees F 300 

Volumetric Flow Rate – Hot Water gpm 350 

Volumetric Flow Rate – Sludge gpm 450 

Heat Exchanger Sludge Recirculation Pumps   

Number - 2 (1 per Digester) 

Type - Constant Peed, Chopper 

Capacity gpm 450 

Total Discharge Head ft. 30 

Motor Horsepower hp 10 
Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

1.3.5.5   Foam Suppression Spray Pumps 

The anaerobic digester nos. 3 and 4 are equipped with foam suppression spray pumps to break up 
foam and scum on the water surface and force the scum down into the digester tank. The pump 
will draw suction from the heating recirculation pump suction line and re-inject sludge at the top 
of the digester. Table 1.17 summarizes the design criteria for the foam suppression spray pumps. 

Table 1.17 Foam Suppression Spray Pumps Design Criteria 

Description Unit Value 

Digesters (Nos. 3 & 4)   

Number - 2 (1 per Digester) 

Type - Rotary Lobe 

Capacity, each gpm 200 

Total Discharge ft. 139 

Motor Horsepower hp 15 
Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 
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1.3.5.6   Sludge Transfer Pumps 

The digestion system includes sludge transfer pumps to allow the contents from one digester to 
be pumped to other digesters. Table 1.18 summarizes the design criteria for the sludge transfer 
pumps. 

Table 1.18 Sludge Transfer Pumps Design Criteria 

Description Unit Value 

Digester (Nos. 1 & 2)   
Number - 4 
Type - VFD, Chopper 
Capacity, per Pump gpm 110/180/410/570 
Total Dynamic Head ft. 52 
Motor Horsepower hp 15 

Digester (Nos. 3 & 4)   
Number - 2 (1 per Digester) 
Type - VFD, Rotary Lobe 
Capacity, each gpm 350 
Total Dynamic Head ft. 28 
Motor Horsepower hp 10 

Notes: 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

1.3.5.7   Digested Sludge Storage Tank 

RWQCP operates an 88-foot diameter digester as a holding tank for digested sludge. Stabilized 
sludge after digestion is stored in the storage tank before it is transferred to the screw presses, 
dewatering belt presses and centrifuges. Table 1.19 summarizes the design criteria for the 
digested sludge storage tanks. 

Table 1.19 Digested Sludge Storage Tank Design Criteria 

Description Unit Value 

Sludge Storage Tank   
Number - 1 
Diameter ft. 88 
Cover Type - Dome 
Cover Height ft. 12 
Side Water Depth ft. 38.5 
Maximum Sludge Level ft. A.S.L 738 
Bottom Cone Slope % 2.27 
Total Volume MG 1.75 
Storage(1) days 4 

Sludge Storage Mixing System   
Number - 1 
Type - Vortex Propeller, Centrifugal 

Notes: 
(1) Storage at peak load for 52 mgd. 
Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 
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1.3.6   Sludge Dewatering Facilities 

Sludge dewatering is a mechanical process used to reduce the moisture content of sludge. The 
RWQCP currently uses six screw presses, and one centrifuge as backup for the sludge dewatering 
process. 

Dewatering screw presses are used to reduce the volume of material that requires off-site 
disposal. A dewatering screw press is a simple, slow moving device that accomplishes dewatering 
by continuous gravitational drainage. Polymer is first added to the sludge, and then it is introduced 
to a gravity drainage section, where it is allowed to thicken. Flocculated sludge is pumped into a 
cylindrical screen basket wherein an auger slowly rotates. The diameter of the auger’s shaft 
increases towards the end of the basket and the gap between its flights decreases. The volume 
between basket, shaft and flights continuously decreases, and the pressure thus increases, as the 
sludge is moved through the basket. Sludge water is pressed through the basket’s screen. The 
auger pushes the increasingly thicker sludge towards the annular clearance, defined by a circular 
opening and an adjustable discharge cone therein. The cone is pressed against the opening by 
pneumatic cylinders, thus maintaining a defined sludge pressure at the discharge end. Scrapers 
on the screw shaft permanently clean the filter basket from the inside. A stationary spray bar 
backwashes it periodically, segment by segment, from the outside, without interrupting the 
dewatering process. The RWQCP produces a cake of about 19-percent solids. The dewatered 
solids are discharged to a truck loading facility for off-site disposal. 

Centrifuge thickening and dewatering is a high-speed process that uses the force from rapid 
rotation of a cylindrical bowl to separate solids from liquid. A high speed centrifuge creating “G” 
forces in the range of 2,500 g to 2,800 g is producing a sludge cake of approximately 25 percent. 
Solids capture is better for the RWQCP’s centrifuge system than the belt press and screw press 
systems. However, electrical power load per machine is substantially higher for the centrifuge 
system, but this is largely offset by the following advantages: fewer number of operating 
machines required, less foul air ventilation horsepower required since centrifuge room air does not 
usually need foul air treatment, and cheaper hauling costs due to a higher percentage of solids. 
Typically, the City runs just the centrifuge and uses the dewatering belt presses and screw presses 
as standby. However, they plan to switch to using screw presses as the main dewatering source in 
the future. Table 1.20 presents the dewatering facilities criteria. 

Table 1.20 Sludge Dewatering System Design Criteria 

Description Unit Value 

Screw Press Feed Pumps   

Number - 2 Duty 

Type - Variable Speed, Progressive Cavity 

Capacity gpm 250 

Polymer Bulk Transfer Pump   

Number - 1 Duty + 1 Standby) 

Type gpm Constant Speed, Progressive Cavity 

Capacity (20 to 50% solution)  10 

Polymer Recirculation Pump    

Number - 1 Duty 

Type - Constant Speed, Progressive Cavity 

Capacity (20 to 50% gpm 10 
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Table 1.20 Sludge Dewatering System Design Criteria (continued) 

Description Unit Value 

Polymer Solution Transfer Pump   

Number - 1 Duty + 1 Standby 

Type - Constant Speed, Progressive Cavity 

Capacity gpm 140 

Polymer Solution Feed Pump   

Number - 1 Duty + 1 Standby 

Type - Constant Speed, Progressive Cavity 

Capacity gpm 4 to 25 

Storage Tanks   

Number - 2 Duty 

Type - Fiberglass 

Diameter ft. 10 

Nominal Capacity gal 6,000 

Storage Tanks Feed Pumps   

Number - 1 Duty + 1 Standby 

Type - Progressive Cavity 

Capacity gpm 55 

Head psi 300 

Drive - VFD 

Max. Pump Speed RPM 110 

Dewatering Screw Presses   

Number - 6 

Dewatered Cake Solids Concentration % 19 

Solids Capture % 95 

Average Feed Rate gpm 40 

Centrifuge (Backup)   

Number - 1 

Average Feed Rate gpm 200 

Centrifuge   

Number - 1 
Notes: 
Source: 2008 RWQCP Wastewater Collection and Treatment Facilities Integrated Master Plan, and Field Inspection 

1.3.7   Solids Disposal 

The RWQCP currently produces "Class B" sludge. The RWQCP avoids on-site solids storage to 
reduce odors. Fleet transportation services sends trucks to the RWQCP daily to pick up the 
dewatered sludge and hauls it to alfalfa and cotton farms in Arizona where it is used as soil 
amendment. According to the City, approximately 135 wt of solids are hauled off each day. In an 
emergency, solids are stored on the ground in the old sludge drying beds. 
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Chapter 2 

SUMMARY OF PLANNING STUDIES 

2.1   Purpose 

The purpose of this chapter is to summarize the past planning studies that have been done for the 
solids treatment and handling facilities since the 2008 Master Plan was completed for the City’s 
RWQCP. 

2.2   Planning Studies Reviewed 

The three planning studies that were reviewed for this chapter are: 

1. 2017 RWQCP Biosolids Handling Assessment Study. 
2. 2014 Capital Improvement Program and Rate Development Study. 
3. 2010 Riverside Regional Water Quality Control Plant Phase 1 Plant Expansion TMs. 

Brief summaries of each of these studies are described in the following sections. Summaries of the 
major findings and recommendations for each study are also included in this chapter. 

2.3   2017 RWQCP Biosolids Handling Assessment Study 

The 2017 RWQCP Biosolids Handling Assessment Study provided an understanding of the existing 
dewatering facilities, summarized information, research performed, and studied and assessed 
different mechanical upgrade alternatives for dewatered biosolids conveyance. 

2.3.1   Purpose 

The 2017 Riverside RWQCP Biosolids Handling Assessment Study studied and assessed different 
mechanical upgrades for the dewatered sludge conveyance systems with the purpose to mitigate 
the mechanical failures that caused the system to run below full load capacity and decreased 
dewatered sludge production. 

2.3.2   Summary of Findings 

1. The study recommends making the following modifications to the existing system to 
maintain facility operations during the short-term service (1-2 years): 
a. Add check valves to the injection ring. 
b. Relocate, and add a new lubricating water injection ring to a point adjacent to the 

pumps. 
c. Install an additional lubricating water injection ring at the piping nearest the silos. 
d. Increase the pipe diameter from 8-inch to 12-inch, after the wye connection to Silo 

No. 2. 
e. Install a Teflon cover on the existing diverter gate. 
f. Install a laser or an ultrasonic sensor for sludge detection (replaces load cells). 
g. The estimated construction cost was determined to be $ 133,000. 
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2. The study recommends that to run the new dewatering equipment at full load production, 
and to service the plant’s maximum ultimate capacity of 52 mgd, the City must replace 
the existing Seepex progressive cavity pumps (which will be undersized) with a higher 
capacity pump that can also overcome the high-pressure issues. The maximum capacity 
of the existing cake pumps will set the limit for the entire facility’s maximum production, 
until they are replaced. The cost of the different mechanical replacements are: 
a. Progressive Cavity Pump $ 884,000. 
b. Piston Pump $ 860,000. 
c. Conveyor System $ 908,000. 

2.4   2014 Capital Improvement Program and Rate Development Study 

The 2014 Update served as an interim update to the 2008 Master Plan and specifically focused on 
updates to the CIP and rate structures. 

2.4.1   Purpose 

The purpose of the 2014 update was to provide a revised CIP for the collection system and RWQCP 
improvements and to develop a financial plan and rate structure to carry the City through the 
2018/19 fiscal year. This study reviewed future conditions, collection system improvements, 
RWQCP improvements, the CIP and implementation schedule, and the financial plan and rate 
structure. All of these topics culminated in recommendations discussed below. 

2.4.2   Summary of Findings 

1. The 2014 updated flow projections were based on a value of 77 gpcd, which was 
reflective of both water conservation and economic conditions at the time. CSD's flow 
projections were based on the 2008 IWWMP projected rates of increase applied to the 
2012/13 fiscal year measured flows. Furthermore, the CSD flows to the RWQCP were 
capped at the contractual hydraulic capacities listed below: 
a. Edgemont CSD - 0.89 mgd. 
b. Jurupa CSD - 4.0 mgd (increases to 5.0 mgd in 2030). 
c. Rubidoux CSD - 3.055 mgd. 
d. Highgrove Community - 4.4 mgd. 

2. Concentrations of wastewater constituents that impact treatment capacity and 
performance increased 50 percent between 1997 and 2014. 

3. At the time of the 2014 Update, the Phase 1 Plant Expansion was just getting underway 
and thus all work associated with that expansion was excluded from the 2014 CIP 
Update. Other onsite facilities independent of the MBR treatment train (Plant 1) 
Expansions that were identified for improvements or rehabilitation include: 
a. Additional sludge dewatering equipment replacement. 
b. Upgrade the cogeneration system to meet changing regulations. 
c. Rehabilitate tertiary filter piping and systems, and determine long-term 

rehabilitation needs for that process. 
d. Begin the Phase 2 Expansion to address the predicted load limitations resulting 

from increasing influent loading concentrations. 
e. Rehabilitate the Plant 2 Activated Sludge process. 
f. Replace influent metering systems. 
g. Replace two major electrical switchgear installations. 
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h. Improve site security with added lighting and perimeter fencing. 
i. Improve flood protection to comply with regulatory requirements. 

4. In the initial 5 years of the 2014 update, $122 million of specific and necessary capital 
projects were identified. 

5. A capital funding strategy was developed to provide funds sufficient to implement the 
2014 CIP Update, which projected an escalated $222 million in future treatment and 
collections system improvements over the 5-year study period. Additionally, cash 
funded capital expenditures of $17.8 (escalated) million were projected in the O&M 
budget. 

6. The primary source of funding for the CIP was intended to be bond proceeds with a 
small amount of funding from and cash on hand. 

7. In total, the 2014 CIP Update included $795 million (2014 dollars) in treatment plant and 
collections systems projects between FY 2014/15 and 2035/2036. Additional bond 
issuances are required to fund CIPs beyond the 2018/19 fiscal years. 

8. The required annual rate increase determined by the 2014 update was 8.5 percent per 
year for a 5-year period to adequately fund the activities of the City's Wastewater 
Division. 

2.5   Riverside Regional Water Quality Control Plant Phase 1 Plant Expansion TMs 

The 2010 RWQCP Phase 1 Plant Expansion TM provided an understanding of the existing facilities, 
summarized information and research performed, studied and assessed different treatment 
alternatives, and provided a framework to support preliminary design of RWQCP Phase 1 Plant 
Expansion. For this chapter we are addressing TM 9, Integrated Digestion System. 

2.5.1   Purpose 

The purpose of the TM was to identify, study and assess different Digester System alternatives 
associated with the Riverside Water Quality Control Plant – Phase 1 Expansion project. The TM 
study results, including engineering concept and key details for the plant’s digestion system 
improvements, are developed to provide the basis for the City to make and document their 
decisions with respect to the improvements and upgrades of the plant’s digestion system. 

2.5.2   Summary of Findings 

1. Two operating scenarios for the overall Digester System were identified for the Phase 1 
Expansion and the plant ultimate flow capacity of 52 mgd: 
a. Operating Scenario 1 assumes that there will not be any improvements to the 

process equipment of the existing Digesters 1 and 2 (renamed Digesters E1 and E2), 
and therefore their loading criteria will remain as designed and currently operated. 
The two new Digesters (named N3 and N4) will be designed for improved loading 
criteria and sized to receive sludge volume and solids mass loads in excess of that 
currently received by existing Digesters E1 and E2. 

b. Operating Scenario 2 assumes that the process equipment of existing Digesters E1 
and E2 will be replaced with new equipment that will allow for increased hydraulic 
and solids loading to the same level as the new digesters. The two new Digesters N3 
and N4 will be designed for increased loading criteria and will be sized to receive 
sludge loads in excess of that currently received by the improved existing 
Digesters E1 and E2. 
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2. It was decided that conventional digestion, instead of APAD would be pursued for the 
following reasons. 
a. Construction cost of a multi-compartment APAD is more costly than constructing 

one new mesophilic digester with equivalent digestion capacity. 
b. Operations of the APAD is not proven and adds to the complexity for plant 

operations. 
3. The alternative options to increase performance and usable volume of the existing 

digesters in lieu of building additional digesters proved feasible for the Phase 1 
Expansion, but would require substantial structural improvements including seismic 
retrofitting of the all existing digesters. 

4. Most of the existing digester equipment would be replaced. Major mechanical 
recommended improvements are: 
a. Installation of a LM mixers. The LM mixer system was recommended for both 

improvements of the existing Digesters E1 and E2 and new Digesters N3 and N4. 
b. Rehabilitation of the existing pumped recirculation mixing was recommended so it 

may be kept as a redundant emergency back-up mixing system for the Existing 
Digesters E1 and E2. 

c. A pump recirculation mixing system was recommended for new Digesters N3 and 
N4 as their redundant and emergency backup mixing system. 

d. The new pin-less spiral Heat Exchanger  was recommended to replace the existing 
Digesters E1 and E2 Heat Exchangers, and the same type of Heat Exchangers are to 
be installed to provide sludge heating in the new Digesters N3 and N4. 

5. An overall cost evaluation was performed. A summary of this evaluation is presented in 
the following Table 2.1. 

Table 2.1 Summary of Cost Estimate and Basic Assumptions 

Description Unit Operating Scenario 2 

Total Construction Cost $ 25,610,000 

Loss in Gas Generation during maintenance $/yr 87,600 

Grease Capacity when Largest Digester is out of service gpd 30,000 

6. Addition of the new 90-foot diameter digesters would be needed for the plants ultimate 
capacity of 52 mgd. 

7. The TM recommended a pre-stressed D110 tank (known as DYK tank) for the Phase 1 
Expansion project due to possibly shorted construction time and lower cost than the 
cast in place reinforced concrete tank. 

8. The physical state of the existing Digesters 3 and 5 is very poor and there would be no 
major cost benefit from their structural retrofitting. 

9. The City made the following decisions: 
a. Not to implement the 2008 Integrated Wastewater Master Plan proposed APAD 

system. 
b. Continue to use existing Digesters 1 and 2 as active digesters and Digester 4 as 

digested sludge holding tank. 
c. Demolish existing Digesters 3 and 5. 
d. Construct two new Digesters N3 and N4. 
e. Build the Digestion System during the Phase 1 Expansion for solids digestion to 

match the overall plant capacity of 52 mgd. 
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Chapter 3 

PROCESS DESIGN AND RELIABILITY CRITERIA 

3.1   Purpose 

The purpose of this chapter is to summarize the process capacity analysis of the existing solids 
handling processes at the Riverside RWQCP. 

3.2   Conclusions and Recommendations 

• Current plant influent constituent concentrations are higher than the 2011 MBR (Plant 1) 
Phase 1 Expansion design basis. Corresponding average influent TSS, BOD, and ammonia 
loads are 26, 25, and 14 percent greater, respectively, than the Phase I design basis for 
given average flow conditions. Corresponding maximum month influent TSS, BOD, and 
ammonia loads are approximately 20 percent greater than the Phase I design. This is due 
to severe drought conditions and water conservation over the last decade that have 
reduced influent flow and significantly increased wastewater constituent concentrations. 

• The Solids Handling process capacity is 37.1 mgd AAF, which is limited by the capacity of 
the existing DAFTs. To meet this capacity both DAFT units would be in service, without a 
standby unit. 

• It is recommended that a stress test be conducted to determine the maximum feasible 
solids loading rate to the DAFT units. This will determine when an alternate standby 
thickener, such as a trailer-mounted GBT or RDT, is needed for reliable waste activated 
sludge thickening operation (if one DAFT is taken out of service for rehabilitation or 
repair). 

• It is also recommended that the unused small anaerobic digester (former Digester 3) be 
refurbished as Digester 5 to provide adequate redundancy. The four larger digesters 
(Digester Nos. 1 – 4) would provide adequate process capacity to handle maximum 
month volatile solids loading conditions. The small digester can be placed into service 
during average loading conditions, when one of the larger digesters is out of service for 
scheduled maintenance. 

3.3   Background 

The existing Riverside RWQCP treatment processes include preliminary treatment with 
mechanical bar screens and vortex-type grit tanks, parallel liquid treatment trains with 
MBR treatment train (Plant 1) and activated sludge, tertiary filtration for the ACT treatment train 
(Plant 2), disinfection, WAS thickening with DAFTs, thickened sludge stabilization with anaerobic 
digesters, and digested sludge dewatering with a combination of centrifuges, BFPs, and screw 
presses. Process schematics of the liquid treatment and solids handling treatment trains are 
shown on Figures 3.1 and 3.2, respectively. 

Primary sludge is thickened in the primary clarifiers. Waste activated sludge from the 
MBR treatment train (Plant 1) and ACT treatment train (Plant 2) is thickened in DAFTs. Thickened 
primary and waste activated sludge is blended in a mixing tank for a consistent anaerobic digester  
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feed quality. The blended sludge is stabilized in four anaerobic digesters. Two of the digesters 
were constructed as part of the 2011 MBR (Plant 1) Phase 1 Expansion project and two of the three 
existing digesters were modified as part of the project. The remaining existing digester was 
converted to a storage tank. Stabilized sludge after digestion is stored in the storage tank before 
it is transferred to the dewatering processes. Digested sludge is dewatered with screw presses. 
Centrifuges are used for backup dewatering. 

Waste backwash from the activated sludge treatment train granular media filters, DAFT overflow, 
and sludge dewatering centrate/filtrate/particulate solids are returned to the plant headworks. 

Additional detail on the existing solids handling treatment train is provided in 
Volume 5, Chapter 1, Existing Facilities. 

3.4   Historical Operations and Performance Data 

Historical operations and performance data were analyzed to determine current wastewater 
characteristics, influent flow and loading peaking factors, typical unit process operating 
conditions, and typical unit process performance for use in the configuration and calibration, of a 
process model, as described below. Time series plots of the relevant historical data are included in 
Appendix 3A. 

3.4.1   Influent Flow and Loading 

Plant influent constituent concentrations and loading patterns were determined for this 
2017 update of the Master Plan by analyzing plant influent for the five-year period of 2011 through 
2016. As expected, recent influent constituent concentrations have increased relative to the 
2011 MBR (Plant 1) Phase 1 Expansion design basis because of reduced water consumption within 
the service area. Reduced consumptive water use (i.e., the portion of potable water that enters 
the household sewer) provides less dilution of the organic and nutrient loads from residential and 
commercial sources. Current loading patterns (e.g., average day maximum month conditions) 
were determined by analyzing the recent calculated plant influent loads. 

Table 3.1 summarizes the average and maximum month plant influent conditions determined for 
this project together with the values from the Phase I Plant Expansion design data. Average annual 
influent concentrations increased between about 14 percent (COD, NH3-N) and 25 percent (TSS, 
BOD) since the Phase I design data were developed. In addition, the influent volatile solids fraction 
increased by about 8 percent. 

Current loading patterns show a peaking factor for maximum month TSS, COD, and BOD influent 
loads of 1.25; and maximum month NH3-N influent load of 1.20. Current flow patterns show a 
peaking factor for maximum month influent flows of 1.15. The Phase I Plant Expansion peaking 
factor for maximum month influent loads was 1.15; a peaking factor for maximum month influent 
flows was not included.
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Figure 3.1 Process Flow Schematic (Liquid) 
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Figure 3.2 Process Flow Schematic (Solids) 
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As shown in Table 3.1, current maximum month influent loads, which will be used to determine 
current process capacity as described below, are between about 20 and 35 percent higher than the 
Phase I Plant Expansion design data values. 

Table 3.1 Plant Influent Conditions 

 
2012 Phase I Design Criteria 2017 Update of the Master Plan 

Annual 
Average 

Maximum 
Month 

Annual 
Average 

Maximum  
Month 

Flow Rate, mgd 46 46 46.0 52.9 

TSS, mg/L 270 310 341 368 

VSS, mg/L 224 257 305 330 

VSS:TSS 83% 83% 89% 90% 

COD, mg/L 660 760 744 804 

sCOD, mg/L 178 205 257 278 

sCOD:COD 27% 27% 35% 35% 

BOD, mg/L 295 340 369 398 

sBOD, mg/L 88.5 102 170 184 

sBOD:BOD 30% 30% 46% 46% 

TKN, mg/L as N 40 46 48.3 49.8 

NH3-N, mg/L as N 28 32 31.9 32.9 

NH3-N:TKN 70% 70% 66% 66% 

Alkalinity, mg/L as CaCO₃ 305 305 305(1) 305(1) 

Temperature, degrees C 24 
20 (winter), 

30 (summer) 
26.0(2) 

21.7(3) (minimum), 
29.7(4) (maximum) 

Influent Loads     

TSS Load, klb/d 104 119 131 162 

COD Load, klb/d 253 292 285 355 

BOD Load, klb/d 113 130 142 176 

NH3-N Load, klbN/d 10.7 12.3 12.2 14.5 
Notes: 
(1) No plant data available, assumed 2012 Phase I Design Criteria value. 
(2) Average of 2016 weekly effluent temperature from CWQIS database. 
(3) Minimum 4-week rolling average of 2016 weekly effluent temperature from CWQIS database, occurred 1/14 - 2/3. 
(4) Maximum 4-week rolling average of 2016 weekly effluent temperature from CWQIS database, occurred 7/27 - 8/17. 

3.4.2   Solids Handling 

Historical operations and performance of the solids handling facilities is summarized in 
Figures A-39 through A-50 in Appendix 3A.  

3.5   Process Model Configuration and Calibration 

A “whole plant” process model was used for this project to evaluate plant performance under 
future flow and loads to determine the limiting conditions for each liquid treatment and solids 
handling unit process. A ”whole plant” process model includes both liquid treatment and solids 
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handling processes to incorporate the impact of liquid treatment residuals (e.g., primary sludge, 
waste activated sludge) on solids handling processes and vice versa. Configuration and calibration 
of the Riverside RWQCP process model are described in Volume 4, Chapter 3, Process Design and 
Reliability Criteria. 

3.6   Process Capacity Evaluation 

The calibrated process model was run under future plant influent flow and load conditions to 
identify the process capacity of each unit process. Figure 3.3 shows the results of the solids 
capacity evaluation. 

3.6.1   Process Reliability Criteria 

The solids process capacity evaluation assumed that one process unit from the MBR treatment 
train (Plant 1) would be out of service as required by Division 4, Chapter 3, Article 10; 
Environmental Health, Recycled Water Criteria, Reliability Requirements for Full Treatment; in 
Title 22 California Code of Regulations. The evaluation also assumed that one process unit 
(secondary clarifier) would be out of service in the ACT treatment train (Plant 2). However, our 
interpretation of Title 22 assumes that only one of the process units from either the 
MBR treatment train (Plant 1) or the ACT treatment train (Plant 2) would be out of service at a 
time. In this case, taking one of the MBR treatment train (Plant 1) process units out of service is 
the most restrictive capacity assumption for the RWQCP so that is what the secondary treatment 
capacity is based upon. This assumption impacts the solids yield of the RWQCP and therefore the 
capacity of the solids handling facilities. 

3.6.2   Thickening Facilities 

The process capacity of the DAFTs was determined based on simulated waste sludge production 
and a peak solids loading rate of 24.0 ppd/sq ft with both units in service. The thickening capacity 
is 37.1 mgd and is the capacity limiting solids treatment and handling process (expressed in terms 
of AAF coming into the RWQCP headworks). 

The City should perform a DAFT stress test to determine the maximum feasible solids loading rate. 
If a standby unit is needed when one of the existing DAFTs is taken out of service for rehabilitation 
or repair, a trailer mounted GBT or RDT could be brought to the site. 

Table 3.2 Summary of DAFT Design Criteria 

Description Unit Values 
Number - 2 Duty 
Diameter ft. 37 
Gross Surface Area, each sq. ft. 1,018 
Effective Surface Area, each sq. ft. 943 
Air-to-Solids Ratio - 0.25 to 0.04 
Capture Rate % 95 

3.6.3   Digester Capacity 

The process capacity of the anaerobic digesters was determined based on simulated blended 
sludge production, a peak volatile solids loading rate of 0.15 ppd/cu ft, and a minimum hydraulic 
residence time of 15.0 days with Digesters 1 through 4 in service. The digestion capacity is 
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46.6 mgd using those criteria (expressed in terms of AAF coming into the RWQCP at the 
headworks). 

In order to take one of the four large anaerobic digesters (Nos. 1 through 4) out of service for 
maintenance and/or cleaning during dry weather flow conditions, Digester 5 (former Digester 3) is 
required to be in operation to maintain an acceptable volatile solids loading rate and hydraulic 
residence time. 

Table 3.3 Summary of Anaerobic Digester Design Criteria 

Description Unit Value 

Digester Nos. 1 and 2   

Number - 2 

Diameter, each ft 90 

Side Water Depth (Total) ft 32 

Total Volume, each MG 1.800 

Digester Nos. 3 and 4   

Number - 2 

Diameter, each ft 90 

Side Water Depth (Total) ft 48 (38 Side Water+10 Submerged Dome) 

Total Volume, each MG 2.068 

Digester No. 5 (Standby)   

Number - 1 

Diameter, each ft 75 

Side Water Depth (Total) ft 32 

Total Volume, each MG 1.150 
Notes: 
(1) Source: MBR (Plant 1) Phase 1 Expansion Design Criteria. 

3.6.4   Dewatering Capacity 

The sludge dewatering process capacity was determined based on a screw press peak solids 
loading rate of 700 pph per unit and a peak hydraulic loading rate of 55 gpm per unit with six screw 
presses in service, operating 24 hours per day, 7 days per week. For those conditions, the 
dewatering capacity is 44.8 mgd. 

Table 3.4 Sludge Dewatering System Design Criteria 

Description 
Unit Value 

Dewatering Screw Presses 

Number - 6 

Dewatered Cake Solids Concentration % 19 

Solids Capture % 95 

Average Feed Rate gpm 40 
Notes: 
(1) Source: 2008 RWQCP Wastewater Collection and Treatment Facilities Integrated Master Plan, and Field Inspection. 
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Figure 3.3 Process Capacity Evaluation (Solids) 
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Figure A-1. Primary sludge TS load, January 2016 – April 2017 
The digester feed TS load minus the TWAS TS load is represented as “PS TS”. The highlighted trendlines represent 
a 28-day moving average. The shaded area indicates data used for process model calibration (July 1 – September 

30). 

 

Figure A-2. WAS flow rate, January 2016 – April 2017 
The highlighted trendlines represent a 28-day moving average. The shaded area indicates data used for process 

model calibration (July 1 – September 30). 
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Figure A-3. WAS TSS load, January 2016 – April 2017 
The highlighted trendlines represent a 28-day moving average. The shaded area indicates data used for process 

model calibration (July 1 – September 30). 

 

Figure A-4. WAS VSS load, January 2016 – April 2017 
The highlighted trendlines represent a 28-day moving average. The shaded area indicates data used for process 

model calibration (July 1 – September 30). 
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Figure A-5. Solids handling flow rates, January 2016 – April 2017 
The highlighted trendlines represent a 28-day moving average. The shaded area indicates data used for process 

model calibration (July 1 – September 30). 

 

Figure A-6. Solids handling total solids concentration, January 2016 – April 2017 
The highlighted trendlines represent a 28-day moving average. The shaded area indicates data used for process 

model calibration (July 1 – September 30). 
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Figure A-7. Solids handling total solids load, January 2016 – April 2017 
The highlighted trendlines represent a 28-day moving average. The shaded area indicates data used for process 

model calibration (July 1 – September 30). 

 

Figure A-8. Solids handling volatile solids fraction, January 2016 – April 2017 
The highlighted trendlines represent a 28-day moving average. The shaded area indicates data used for process 

model calibration (July 1 – September 30). 
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Figure A-9. Solids handling volatile solids load, January 2016 – April 2017 
The highlighted trendlines represent a 28-day moving average. The shaded area indicates data used for process 

model calibration (July 1 – September 30). 

 

Figure A-10. Anaerobic digester volatile solids reduction, January 2016 – April 2017 
The highlighted trendlines represent a 28-day moving average.  

The shaded area indicates data used for process model calibration (July 1 – September 30). 
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Figure A-11. Digester gas production, January 2016 – April 2017 
The highlighted trendlines represent a 28-day moving average.  

The shaded area indicates data used for process model calibration (July 1 – September 30). 

 

Figure A-12. Solids dewatering recycle ammonia concentration, January 2016 – April 2017 
The highlighted trendline represents a 28-day moving average.  

The shaded area indicates data used for process model calibration (July 1 – September 30). 
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Chapter 4 

SOLIDS PRODUCTION AND THICKENING 

4.1   Purpose 

The purpose of this chapter is to evaluate thickening alternatives to meet the needs for the City 
RWQCP through the planning period of 2037. Alternatives for WAS thickening, capital cost 
estimate, footprint, and life-cycle costs are included in the evaluation. The detailed layout and 
specific equipment type would be determined during the preliminary and final design. 

4.2   Recommendations and Conclusions 

• Based on the DAFTs design criteria, the DAFTs are operating near their rated capacity 
with no redundancy.  

• To provide redundancy for the WAS thickening process, it is recommended that 
mechanical thickening units be placed in the existing Dewatering Building and that the 
DAFTs be used as standby thickening units. 

• RDTs and RSTs are the preferred equipment to use as the basis for the update of the 
Master Plan CIP WAS thickening cost. The costs as presented in this chapter (~$8 million) 
should be used for the CIP. 

• Based on solids projections and design criteria for RDTs and RSTs, it is estimated that two 
units of either type of thickening equipment will be required. 

• Based on solids projections the dewatering equipment needs to be installed by 2028. 

4.3   Background 
The RWQCP is a tertiary wastewater treatment plant that currently treats an average ADF of 
approximately 28 mgd. Existing thickening processes include in-tank thickening for the primary 
sludge, and DAFTs for thickening of WAS. 

The following WAS thickening alternatives were considered for this update of the Master Plan: 

1. Retrofitting Existing DAFTs. 
2. RDTs. 
3. GBTs. 
4. Centrifuges. 
5. RSTs. 
6. Wave Thickeners. 

Additional DAFT units were not considered as one of the WAS thickening alternatives because 
they have a high space requirement, and are a mechanically intensive process. They require 
numerous mechanical components such as compressors and a pressurized system to provide the 
dissolved air for floatation. In addition, they produce more dilute thickened sludge than the other 
mechanical processes listed above, which would significantly increase the required digester 
capacity. 
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4.4   Solids Projections 

Table 4.1 summarizes the solids projections for the 39.0-mgd ADF condition, which is projected 
for 2037. The calibrated BioWin model was used to predict the future conditions. The values in the 
calibrated model are based on data that was gathered when the plant was receiving an ADF of 
25 mgd. 

Table 4.1 Solids Projections at 39.0 mgd ADF 

Element Unit Value 

WAS Production (ADF)(1) 
WAS Flow Rate 
Solids 
Solids Concentration 
VSS 

 
gpm 
ppd 
% 
% 

 
620 
46,250 
0.63 
85 

WAS Production (Max Month)(2) 
WAS Flow Rate 
Solids 
Solids Concentration 
VSS 

 
gpm 
ppd 
% 
% 

 
719 
55,037 
0.64 
85 

Notes: 
(1) Results from calibrated BioWin prediction. 
(2) Estimated from Mathematical Models. 

The WAS projection for the 39.0-mgd ADF condition was based on the historical data and the 
RWQCP’s sludge wasting record. More detailed information is located in Volume 4, 
Chapter 3, Process Design and Reliability Criteria and Volume 5, Chapter 3, Design Criteria. 

4.5   Existing Thickening Facilities Capacity 

WAS thickening is done using two DAFTs at the RWQCP. The DAFTs design criteria solids-loading 
rate is 18 ppd/sq ft (without polymer) and 24 ppd/sq ft (with polymer). The hydraulic loading rate 
is 0.5 gpm/sq ft. There are two 37-foot diameter DAFTs at the RWQCP, which have a combined 
effective surface area of 1,980 sq ft. Currently, the plant is producing approximately 39,000 ppd of 
WAS.  

Table 4.2 summarizes the thickening performance for an influent flow of 25-mgd ADF. 

Table 4.2 Existing Thickening Performance 

Element Unit Raw WAS 

WAS Production: 25 mgd ADF(1) 
Flow 
WAS 
WAS Concentration 
VSS 

 
gpm 
ppd 
% 
% 

 
530 
39,000 
0.61 
85 

Existing Thickening Facilities 
Type 
Number 
Diameter 
Rated Capacity (with polymer) All Units in Service 

 
- 
- 
ft 
ppd 

 
DAFTs 
2 
37 
48,864 
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Table 4.2 Existing Thickening Performance (continued) 

Element Unit Raw WAS 

Existing Thickening Facilities 
Type 
Number 
Diameter 
Rated Capacity (with polymer) All Units in Service 

 
- 
- 
ft. 
ppd 

 
DAFTs 
2 
37 
48,864 

Current Performance 
TWAS flow 
Solids Concentration 
Capture 

 
gpm 
% 
% 

 
49 
6.3 
95 

Note: 
(1) Average Influent flow into RWQCP from May 2016 –December 2016 used to calibrate process model. 

Based on the design criteria for the DAFTs and the current operating conditions, the capacity of 
the DAFTs (with polymer) with both units in service was estimated to be 41.0 mgd on an average 
daily flow basis (20.5 mgd with one unit out of service). The current plant average daily influent 
flow utilizes 80 percent of the DAFTs capacity without any redundancy. The BioWin model 
predicts that in 2037 the DAFTs will be operating near their rated capacity (95 percent of the 
DAFTs capacity) with all units in service. 

4.6   Thickening Alternatives 

In this section six thickening alternatives are analyzed. Each technology’s operating principle is 
discussed along with the advantages and disadvantage of the corresponding thickening 
technology. In addition, the design criteria necessary to meet the solids production in 2037 is 
presented, together with a potential site location and capital cost estimate for each technology. 
All proposed mechanical thickening alternatives make the same assumption that the existing 
thickening facilities will be demolished and replaced with a new facility. Detailed cost estimates 
are located in Appendix 4A. 

However, in a workshop on November 29, 2017, it was decided that the new WAS thickening 
equipment could be located inside the existing dewatering building, instead of building a new 
building. Figure 4.1 shows the dewatering building and the area (approximately 2000 sq ft) within 
the building available for the installation of mechanical dewatering equipment. In general, that 
area is adequate for the installation of the recommended alternative thickening processes. The 
implications of that decision will be discussed further at the end of this chapter. The presentation 
of alternatives that follows does not take this decision into consideration.  

4.6.1   Alternative 1: Retrofitting existing DAFTs 

4.6.1.1   Operating Principle 

A DAFT consists of a DAFT tank (or flotation unit) and a pressurization system (or saturation 
system). DAFT achieves a solids/liquid separation using air flotation. Air for the flotation process 
is provided by pressurizing a stream of liquid, saturating the liquid with air, and depressurizing the 
liquid at a location where the bubbles that form upon release of pressure will come in contact with 
the solids entering the DAFT. The DAFT tank serves to separate the solid phase from the liquid 
phase. The pressurization system dissolves air into the liquid stream, typically recycled subnatant,  
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Figure 4.1 Existing Dewatering Building Structural Plan
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under pressure. As the pressure saturated recycled subnatant is introduced into the DAFT tank, its 
pressure is reduced causing the air to precipitate out of solution in the form of very small bubbles, 
which are blended with the DAFT feed. The precipitated bubbles are blended with the DAFT feed 
and become attached to the feed solids forming bubble-particle agglomerates with a density 
lower than water. The buoyant bubble-particle agglomerates rise to the liquid surface and 
accumulate as a float while the heavier particles settle out as bottom sludge. The difference in 
density between the float and the liquid causes the top of the float to rise above the liquid surface. 
The float and bottom sludge are removed from the DAFT tank by a surface skimmer and a bottom 
collector, respectively. Drainage of interstitial water from the float above the liquid surface 
increases the solids concentration. The main components of a DAFT are the pressurization 
system, DAFT mechanisms, and DAFT tank. Figure 4.2 shows a schematic and photograph of a 
DAFT unit. Table 4.3 presents the various advantages and disadvantages for this alternative. 

 

 

Figure 4.2 Main Components of DAFTs and Thickening Process 
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Table 4.3 Advantages and Disadvantages of Retrofitting the Existing DAFT Units 

Advantages Disadvantages 

Process familiarity No redundancy  

Can handle scum and primary sludge Relatively high power consumption 

Will work without conditioning chemicals at 
reduced loading 

Thickening solids concentration limited 

 Higher space requirements compared to other 
mechanical methods 

Notes: 
(1) Alternative only considers rehabilitation of existing facilities with no plans to construct new units. 

4.6.1.2   Design Criteria 

Table 4.4 presents the design criteria for thickening using Alternative 1. 

Table 4.4 Alternative 1: DAFTs Design Criteria 

Element Unit Value 

Annual Average Plant Flow Rate (30-day ADF) mgd 39 

Max Month WAS Flow Rate at 6,000 mg/L  gpd 719 

DAFTs 
Thickening Units 
Surface Area, each 
Hydraulic Loading Rate, each 
Maximum Solids Loading, each 
Horsepower, each 
Hours of Operation per Day 
TWAS Solids Concentration 
Polymer Dosage 
Footprint (diameter), each 

 
- 
sq ft 
gpm 
ppd 
hp 
hr 
% 
lb active polymer/dry ton of sludge 
ft. 

 
2 Duty 
1,018 
500-760 
24,432 
71(1) 
24 
6.3 
11 
37 

Notes: 
(1) Based on compressors operating 20% of the time. 

4.6.1.3   Site Location and Capital Cost Estimate 

Volume 6, Chapter 1, RWQCP Plant Condition Assessment Results determined the project 
elements and costs needed to retrofit the existing DAFT units. A near term project was estimated 
at $2,579,200. The project’s location and capital cost estimate are shown on Figure 4.3. The project 
will rehabilitate the DAF No. 2 by repairing corrosion on the internal mechanism and then 
recoating it, as well as painting the piping, pressure tank, decking, and outdoor equipment. The 
rehabilitation will include the following: 

1. Perform a seismic evaluation of the DAF mechanism connection. 
2. Complete the following building upgrades: 

a. Remove abandoned equipment in the building and demolish unused pump pads. 
b. Remove the unused chemical tank. 
c. Upgrade the ventilation to declassify the electrical room. 
d. Install seismic bracing on the hanging pipes. 
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Figure 4.3 Location and Capital Cost Estimate for Retrofitting Existing DAFTS 

4.6.2   Alternative 2: RDTs 

4.6.2.1   Operating Principle 

Figure 4.4 shows a schematic and picture of an RDT unit. The RDT consists of a flocculation tank, 
drive impeller, multiple-stage rotary drum with perforations, supporting frame, spray wash 
system, and return water collection tank. The WAS, which is mixed with polymer, enters the 
flocculation tank tangentially at the bottom and completes its flocculation. The flocculated WAS 
flows from a tangential outlet into the rotary drum screen through a step-down header. In the 
rotary drum screen the liquid separates from the flocculated solids through the woven wire mesh, 
is collected in the return water tank, and exits through a drain in the bottom. The solids pass 
through four dewatering stages before being discharged from the end of the unit. Mounted at the 
top of the rotary drum screen is a self-cleaning wash water spray header. This spray header keeps 
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the rotary drum screen openings clear of solids. Table 4.5 presents the various advantages and 
disadvantages for this alternative. 

Table 4.5 Advantages and Disadvantages of RDTs 

Advantages Disadvantages 

The recycle flow is low Scum cannot be fed to the RDT 

Lower power requirements compared to DAFTs Higher O&M requirements compared to DAFTs  

Smaller footprint compared to DAFTs  

Can be easily scrubbed for odor control if 
needed, because the unit is completely 
enclosed. 

 

Can be operated 24 hours per day with remote 
monitoring 

 

4.6.2.2   Design Criteria 

Table 4.6 presents the design criteria for thickening using Alternative 2. 

Table 4.6 Alternative 2: RDTs Design Criteria 

Element Unit Value 

Annual Average Plant Flow Rate 
(30-day ADF) 

mgd 39 

Max Month WAS Flow Rate at 
6,000 mg/L 

gpd 719 

RDTs 
Thickening Units 
Hydraulic Loading Rate, each 
Horsepower, each 
Hours of Operation per Day 
TWAS Solids Concentration 
Polymer Dosage 
Footprint (L*W), each 

 
-- 
gpm 
hp 
hr 
% 
lb active polymer/dry ton of sludge 
ft. 

 
2 Duty + 1 Standby 
400 
8.5 
24 
5-8 
5-10 
24*4 
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Figure 4.4 Main Components of RDTs 

4.6.2.3   Site Location and Capital Cost Estimate 

The footprint of a facility was determined based on the design criteria. The facility will need to be 
4,700 sq ft in size in order to house 3 RDTs, the polymer systems, and utilities, for a capital cost 
estimate of approximately $7,626,100. A detailed breakdown of the costs and assumptions is 
presented in Appendix 4A. Figure 4.5 shows the dimensions, potential location and capital cost 
estimate of the facility.  
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It should be noted that due to congestion in the area where the RDTs should be located (as close 
to the digesters as possible to minimize pumping of thickened WAS) it is assumed that the new 
RDT facility would be located at the same location as the existing DAFTs. This will require the City 
to bring a trailer mounted thickening unit to the RWQCP during construction when the DAFT units 
are taken out of service for demolition. The cost of the trailer mounted unit has been included in 
the capital cost estimate that are shown on Figure 4.5. It should also be noted that the trailer 
mounted unit assumption applies to the location and capital cost estimates for all of the 
alternatives evaluated.  

 

Figure 4.5 Location and Capital Cost Estimate for RDTs 

4.6.3   Alternative 3 GBTs 

4.6.3.1   Operating Principle 

Figure 4.6 shows a schematic and a photograph of a GBT, which consists of a flocculation tank, a 
discharge chute, a gravity belt, chicanes or plows, a ramp, and belt-wash station. A conditioning 
agent (typically polymer) is injected into the feed sludge and the mixture is sent to a flocculation 
tank. The tank is mixed slowly to allow sludge to flocculate, and the conditioned sludge flows over 
the discharge chute for an even distribution across the width of the gravity belt. The gravity belt 
is driven by a variable- or constant-speed belt drive and as the sludge moves along the belt the 
plows spread the sludge and facilitate the separation of free water from the solids. As the free 
water releases from the sludge it passes through the porous gravity belt to a filtrate drain. Near 
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the end of the gravity belt discharge there is typically a ramp or plate that is used to slow the solids 
discharge to allow build-up of solids and further pressing of free water from the thickened solids. 
Table 4.7 presents the various advantages and disadvantages for this alternative. 

 

 

Figure 4.6 Main Components of GBTs and Thickening Process 

Table 4.7 Advantages and Disadvantages of GBTs 

Advantages Disadvantages 

Proven technology Requires more wash water than RDTs during 
operation and for cleaning 

Relatively simple to operate and maintain Normally operated during staffed hours only  

Lower Power Requirements compared to 
DAFTs 

Scum cannot be fed to the GBT 

Smaller footprint compared to DAFTs Higher O&M requirements compared to DAFTs  
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4.6.3.2   Design Criteria 

Table 4.8 presents the design criteria for thickening using Alternative 3. 

Table 4.8 Alternative 3: GBTs Design Criteria 

Element Unit Value 

Annual Average Plant Flow Rate 
(30-day ADF) 

mgd 39 

Max Month WAS Flow Rate at 
6,000 mg/L 

gpd 719 

GBTs 
Thickening Units 
Hydraulic Loading Rate, each 
Horsepower, each 
Hours of Operation per Day 
TWAS Solids Concentration 
Polymer Dosage 
Footprint (L*W), each 

 
-- 
gpm 
hp 
hr 
% 
lb active polymer/dry ton of sludge 
ft 

 
2 Duty + 1 Standby 
900 
8.5 
8(1) 
5-8 
5-10 
21*14 

Note: 
(1) GBTs are expected to run during staffed hours only. 

4.6.3.3   Site Location and Capital Cost Estimate 

The footprint of a facility was determined based on the design criteria. The facility will need to be 
6,200 sq ft in order to house 3 GBTs, the polymer systems, and utilities, for a capital cost estimate 
of $7,539,100. A detailed breakdown of the costs and assumptions is presented in Appendix 4A. 
Figure 4.7 shows the dimensions, potential location and capital cost estimate of the facility. 

 

Figure 4.7 Location and Capital Cost Estimate for GBTs 



SOLIDS PRODUCTION AND THICKENING | VOL 5 | CH 4 | CITY OF RIVERSIDE 

FINAL | JUNE 2019 | 4-13 

4.6.4   Alternative 4: Centrifuge 

4.6.4.1   Operating Principle 

A centrifuge’s main components are the bowl and the scroll. The bowl is mounted horizontally and 
turns rapidly to create the centrifugal force. The scroll is mounted inside the bowl and conveys 
solids from one end of the bowl to the other. Other important features of a centrifuge are 
identified in Figure 4.8. The bowl consists of a cylindrical section and a conical section. The scroll 
consists of a stainless steel screw conveyor mounted on a hollow shaft. The entire scroll is 
mounted inside the bowl and can turn independently. To thicken solids, the bowl and scroll 
typically operate at more than 1500 rpm; the scroll rotates just a few rpm faster (or slower) than 
the bowl to create a differential speed. 

 

 

Figure 4.8 Main Components of a Centrifuge 

Feed solids are injected into the scroll’s hollow shaft and discharged into the spinning bowl. A 
conditioning agent, typically polymer, is added either at the centrifuge feed nozzle or further 
upstream within the feed solids piping depending on solids characteristics and the need for 
mixing. Injection at the feed nozzle is typically sufficient but should be evaluated and determined 
on a case-by-case basis. The bowl’s centrifugal force causes solids to migrate toward the bowl 
wall. The scroll’s screw conveyor moves the solids up the conical section of the bowl and 
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discharges them. Meanwhile, the liquid is discharged at the opposite end of the bowl via openings 
in the end plate. Table 4.9 presents the various advantages and disadvantages for this alternative. 

Table 4.9 Advantages and Disadvantages of Centrifuges 

Advantages Disadvantages 

Require a small amount of floor area relative to 
their capacity 

High power consumption  

Process familiarity Relatively noisy  

Well suited for automation, low operator 
attention 

Special structural considerations must be taken 
into account 

Highest TWAS concentration, high capture 
efficiency 

High maintenance requirements 

Can be easily scrubbed for odor control if 
needed, because the unit is completely 
enclosed. 

Start-up and shut down may take an hour to 
gradually bring the centrifuge up to speed and 
slow it down for clean out prior to shut down 

Low wash water demand  

4.6.4.2   Design Criteria 

Table 4.10 presents the design criteria for thickening using Alternative 4. 

Table 4.10 Alternative 4: Centrifuges Design Criteria 

Element Unit Value 

Annual Average Plant Flow Rate 
(30-day ADF) 

mgd 39 

Max Month WAS Flow Rate at 
6,000 mg/L 

gpd 719 

Centrifuges 
Thickening Units 
Hydraulic Loading Rate, each 
Horsepower, each 
Hours of Operation per Day 
TWAS Solids Concentration 
Polymer Dosage 
Footprint (L*W), each 

 
-- 
gpm 
hp 
hr 
% 
lb active polymer/dry ton of sludge 
ft. 

 
1 Duty + 1 Standby 
748 
240 
24 
6-12 
10 
19*6 

4.6.4.3   Site Location and Capital Cost Estimate 

A footprint of a facility was determined based on the design criteria. The facility will need to be 
3,800 sq ft in order to house 2 centrifuges, the polymer systems, and utilities, for a capital cost 
estimate of $9,554,900. A detailed breakdown of the costs and assumptions is presented in 
Appendix 4A. Figure 4.9 shows the dimensions and capital cost estimate of the facility. 
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Figure 4.9 Location and Capital Cost Estimate for Centrifuges 

4.6.5   Alternative 5: RSTs 

4.6.5.1   Operating Principle 

Figure 4.10 shows a schematic and picture of an RST unit. The RST consists of a flocculation tank, 
auger, cylindrical casing with openings, and supporting frame. The WAS, which is mixed with 
polymer, enters the floc development tank tangentially at the bottom and completes its 
flocculation. The WAS flows from a tangential outlet into the cylindrical casing with openings, 
which is made from a material such as perforated plate or wedge wire. The rotating auger conveys 
the WAS up and across the cylindrical casing until the thickened product is discharged at the end 
of the cylinder. The free water drains through the openings in the casing. The auger is the only 
mechanical moving part, rotating at a speed less than 25 RPM. Table 4.11 presents the various 
advantages and disadvantages for this alternative. 

  
Figure 4.10 Main components of RSTs and thickening process 
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Table 4.11 Advantages and Disadvantages of RSTs 

Advantages Disadvantages 

Simple, slow-speed devices with low power 
consumption 

Short track record 

Low Noise Level Higher O&M requirements compared to DAFTs 

Can be easily scrubbed for odor control because 
the unit is completely enclosed, if needed 

Primary/secondary scum cannot be fed to the 
RSTs  

Can be operated 24 hours per day with remote 
monitoring 

 

Smaller footprint compared to DAFTs  

4.6.5.2   Design Criteria 

Table 4.12 presents the design criteria for thickening using Alternative 5. 

Table 4.12 Alternative 5: RSTs Design Criteria 

Element Unit Value 

Annual Average Plant Flow Rate 
(30-day ADF) 

mgd 39 

Max Month WAS Flow Rate at 
6,000 mg/L 

gpd 719 

RSTs 
Thickening Units 
Hydraulic Loading Rate, each 
Horsepower, each 
Hours of Operation per Day 
TWAS Solids Concentration 
Polymer Dosage 
Footprint (L*W), each 

 
-- 
gpm 
hp 
hr 
% 
lb active polymer/dry ton of sludge 
ft. 

 
2 Duty + 1 Standby 
459 
5.5 
24 
6-8 
10 
22*7 

4.6.5.3   Site Location and Capital Cost Estimate 

The footprint of a facility was determined based on the design criteria. The facility will need to be 
5,100 sq ft in order to house 3 RSTs, the polymer systems, and utilities, for a capital cost estimate 
of $8,028,800. A detailed breakdown of the costs and assumptions is presented in Appendix 4A. 
Figure 4.11 shows the dimensions, potential location and capital cost estimate of the facility. 
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Figure 4.11 Location and Capital Cost Estimate for RSTs 

4.6.6   Alternative 6: Wave Thickeners 

4.6.6.1   Operating Principle 

Figure 4.12 shows a schematic and picture of a Wave thickener unit. The Wave Thickener consists 
of a flocculation tank (not shown), and a bed made of wedge wire with rotating oval discs. A 
conditioning agent (typically polymer) is injected into the feed sludge and the mixture is sent to a 
flocculation tank. The tank is mixed slowly to allow sludge to flocculate, and the conditioned 
sludge flows over the discharge chute for an even distribution across the width of the wedge wire 
bed. Slow moving discs gently move the material through the separation surface. As the free 
water releases from the sludge it passes through the porous wedge wire to a filtrate drain. The 
multiple discs have close tolerances to enable a continuous self-cleaning operation without the 
need for wash water. Near the end of the wedge wire bed there is typically a ramp or plate that is 
used to slow the solids discharge to allow build-up of solids and allow for further pressing of the 
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free water from the thickened solids. Table 4.13 presents the various advantages and 
disadvantages for this alternative. 

Table 4.13 Advantages and Disadvantages of Wave Thickeners 

Advantages Disadvantages 

Low energy usage Shortest track record 

Can be operated 24 hours per day with remote 
monitoring 

Pilot-testing recommended to determine 
realistic performance expectation 

Smaller footprint compared to DAFTs Higher O&M requirements compared to DAFTs 

No wash water required Scum cannot be fed to the Wave Separator 

Can be easily scrubbed for odor control because 
the unit is completely enclosed, if needed 

 

4.6.6.2   Design Criteria 

Table 4.14 presents the design criteria for thickening using Alternative 6. 

Table 4.14 Alternative 6: Wave Thickeners Design Criteria 

Element Unit Value 

Annual Average Plant Flow Rate 
(30-day ADF) 

mgd 39 

Max Month WAS Flow Rate at 
6,000 mg/L 

gpd 719 

Wave Thickeners 
Thickening Units 
Hydraulic Loading Rate, each 
Horsepower, each 
Hours of Operation per Day 
TWAS Solids Concentration 
Polymer Dosage 
Footprint (L*W), each 

 
-- 
gpm 
hp 
hr 
% 
lb active polymer/dry ton of sludge 
ft. 

 
3 Duty + 1 Standby 
250 
2 
24 
6-8 
6-10 
22*7 
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Figure 4.12 Main Components of Wave Thickeners and Thickening Process 
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4.6.6.3   Site Location and Capital Cost Estimate 

The footprint of a facility was determined based on the design criteria. The facility will need to be 
4,100 sq ft in order to house 4 Wave Thickeners, the polymer systems, and utilities, for a capital 
cost estimate of $9,994,000. A detailed breakdown of the costs and assumptions is presented in 
Appendix 4A. Figure 4.13 shows the dimensions, potential location and capital cost estimate of 
the facility. 

 

Figure 4.13 Location and Capital Cost Estimate for Wave Thickeners 

4.7   Comparison of Alternatives 

A life cycle costs analysis over a period of 20 years was performed for the above alternatives. For 
the purposes of this analysis it was assumed that for Alternative 1 the existing DAFT units would 
undergo rehabilitation and replacement projects over the 20-year planning period as 
recommended by Volume 6, Chapter 1, RWQCP Plant Condition Assessment Results. For the 
other five alternatives, the existing DAFT units would continue to operate until 2022 at which point 
the replacement technology would be installed. All costs were discounted at 6 percent over the 
20 year period and polymer costs were assumed to be $1.50 per pound. No residual value of the 
capital equipment was considered. Costs common to all alternatives were not considered such as 
labor and sludge transfer pumping. Table 4.15 shows the results of the 20-year life-cycle cost 
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analysis for all the alternatives. A detailed breakdown of the costs and assumptions is presented 
in Appendix 4A. 

Table 4.15 Comparison of all WAS Thickening Alternatives Evaluated(1)(2) 

Alternatives 
Capital Cost 

Estimate 
Electrical 

Cost  
Polymer Cost 

Recycle 
Treatment 

Cost 

20-Year Net 
Present Value 

Retrofitting 
Existing DAFTs 

$2,579,200 $927,600 $113,200 $3,400 $13,542,000 

RDTs $7,626,100 $111,000 $80,100 $67,100 $11,725,000 

GBTs $7,539,100 $78,400 $106,800 $167,700 $12,378,000 

Centrifuge $9,554,900 $1,567,800 $117,400 $1,700 $23,873,000 

RSTs $8,028,800 $71,900 $106,800 $28,500 $11,623,000 

Wave 
Thickener 

$9,994,000 $39,000 $117,400 $5,000 $12,664,000 

Notes: 
(1) Detailed costs are presented in Appendix 4A. 
(2) Costs common to all alternatives including TWAS pumps are not considered. 

4.7.1   Selection of Preferred Alternative 

Based on information presented in this chapter, Table 4.16 lists all the WAS thickening 
alternatives evaluated. The findings of this evaluation were presented in a workshop on 
November 29, 2017, to the City staff. The City staff decided that due to the long history of reliable 
performance of the DAFTs that they should be kept as a standby option for a new mechanical 
thickening process. The use of DAFTS as a standby would also decrease the number of mechanical 
thickening units needed allowing for a smaller footprint for the new facilities. The east side of the 
Dewatering Building was identified as available to locate the required thickening units and 
preliminary analysis determined that the facility can house all 5 alternatives without standby units. 
The location for these units was shown on Figure 4.1, as previously described in Section 4.6 of this 
chapter. In addition to the discussion in the meeting about the reuse of the existing DAFTs as 
standby units and locating the new duty thickening units in the Dewatering Building, City staff 
selected the RDTs and RSTs as the technology for WAS thickening. Accordingly, for planning 
purposes for the CIP a project value of $8 million will be used for future WAS thickening 
equipment. 
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Table 4.16 Comparison of all WAS Thickening Alternatives Evaluated 

Element 
Retrofitting Existing 

DAFTs 
RDTs GBTs Centrifuges RSTs 

Wave 
Thickeners 

Footprint 
(sq ft) 

8,500 4,700 6,200 3,800 5,100 4,100 

Operational Reliability 
(-) 

High/Low(1) High Medium High Unknown Unknown 

TWAS Concentration  
(%) 

4.5-6.5 5-8 4.5-7 6-12 6-8 6-8 

Horsepower  
(hp) 

71 8.5 18 240 5.5 2 

Polymer Dose 
(lb active polymer/dry ton of 
sludge) 

11 5-10 8-12 10-12 10 10-12 

Maintenance Requirement 
(-) 

Low Low Low High Medium Low 

Recycle Water Use 
(gpm) 

1 20 130 1 8.5 1 

Operator Attention 
Requirements 
(-) 

Low Low High Low Low Low 

Capital Cost Estimate 
($ Million) 

0.4 7.6 7.5 9.6 8.0 10.0 

20-Year Net Present Value 
($ Million) 

12.7 11.7 12.4 23.9 11.6 12.7 

Notes: 
(1) High/Low: High based on, the City’s experiences with operating the existing units for 20 years and Low due to the lack of redundancy. 
(2) 6% discount rate. 
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Chapter 5 

SOLIDS DISPOSAL 

5.1   Purpose 

The purpose of this chapter is to evaluate the City's biosolids disposal alternatives and provide a 
recommendation as to a suitable alternative to the current solids disposal method. 

5.2   Conclusion and Recommendation 

• Based on the current and projected biosolids regulatory environment it is likely that at 
some point during the planning horizon to 2037, the City’s current solids disposal method 
of land application in Arizona could be restricted or possibly terminated altogether. To 
address this problem the City should develop alternative biosolids disposal methods. 

• The City staff are interested in negotiating a Public Private Partnership Agreement to 
provide on-site treatment for the bio-solids. 

• The City staff is interested in becoming a Regional partner with either Lystek or Synagro. 

5.3   Background 

The City began evaluating alternative methods for biosolids disposal in April 2002. At that time 
they were sending their biosolids offsite for land application, similar to their current land 
application disposal method. The 2003 Bio-Solids Handling Improvement Report by Brown and 
Caldwell recommended $60 million in capital expenditures and an additional $1 million/year in 
operating costs to convert the City’s current Class B biosolids treatment facility to a Class A facility, 
in accordance with industry and regulatory trends. Since then, the City has been working to reduce 
and postpone the need for these improvements through evaluating other solids disposal options. 
The City was interested in forming a contract with a third party that would be responsible for the 
process of creating and distributing Class A biosolids in the recycle markets. 

Based on that interest, the City entered into an agreement with EnerTech in March 2008 to 
participate in the Rialto Regional Biosolids Project, as a component of the City’s long-term 
biosolids management strategy. The agreement involved sending Class B biosolids to EnerTech, 
whereby it would be converted to fuel through a proprietary technology referred to as 
SlurryCarbTM. According to Enertech, the SlurryCarbTM process involved pressurizing and heating 
sludge, upon reaching the desired reaction pressure and temperature, the biosolids would 
undergo a molecular reconfiguration. The cellular structure of the biosolids would be ruptured and 
carbon dioxide gas would split off, a step called "carbonization". The reacted product would 
become extremely hydrophobic and would be mechanically dewatered to greater than 50 percent 
solids. The dewatered product was to be dried to form a fuel with a heating value of approximately 
6,500 Btu/lb. This fuel, called E-Fuel, would then be exported to a customer and utilized as a 
renewable fuel. However, the process was unable to provide a “proof of concept” and both the 
project and the agreement with the City ended. With the EnerTech SlurryCarbTM project cancelled, 
the City continued to produce and haul the Class B biosolids to Arizona for land application, which 
continues to this day. 
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5.4   Current Disposal Method 

As mentioned above, the City RWQCP currently produces Class B sludge (see Table 5.1). To 
minimize odors, the RWQCP limits on-site storage of dewatered solids to the existing sludge 
storage hopper. Fleet transportation services sends trucks to the RWQCP daily to pick up the 
dewatered solids and deliver it to alfalfa and cotton farms in Arizona, where it is used as a soil 
amendment. 

Table 5.1 2017 Solids Production and Characteristics 

Element Unit Value 

Class B Solids   

Solids Production(1) wt/day 135 

Cake(1) % solids 18.1 
Notes: 
(1) Based on historical data from July 2016 to May 2017. 

Currently the RWQCP generates and requires disposal of 135 WTPD of dewatered solids. 
According to the City, the 2016 to 2017 disposal cost is about $1.97 million (all-inclusive costs, 
$39.95/ wt). The cost varies based on the price of diesel fuel. This method of disposal is more likely 
to be disrupted if the current trend in regulations continues and land application of Class B 
biosolids is either restricted or stopped altogether. Currently, all Southern California counties 
either have banned the land application of Class B biosolids or do not have acreage that has a 
permit that allows land application. In addition, as discussed in Volume 2, Chapter 2, Regulatory 
Considerations, there is the potential for land application of biosolids to become more costly, 
because of the greater demand for land application sites, due to restrictions on the use of biosolids 
as alternate daily cover in landfills. Therefore, it has become a priority for the City to determine an 
alternative to the current method of disposal. 

5.5   Solids Disposal Alternatives 

In this section five solids disposal alternatives are analyzed to either supplement or replace land 
application, if necessary. 

5.5.1   Alternative 1-Nursery Products 

Nursery Products is managed by Synagro and offers composting of the RWQCP’s Class B biosolids. 
The composting process blends biosolids and ground wood. The ground wood chips are produced 
from waste wood chips, branches and logs generated from the local tree trimming and 
landscaping service industries. The final product is referred to as compost and is a Class A product, 
which can be distributed to the public for a fee. For this alternative, Nursery Products would be 
responsible for creating, marketing, and selling the compost. 

5.5.1.1   Process Overview 

Just like the current land application method, a fleet transportation service would send trucks to 
the RWQCP daily to pick up the dewatered solids and deliver it to the regional Nursery Product’s 
facility. The nearest Nursery Product’s facility to the RWQCP is located approximately 70 miles 
from the RWQCP in Helendale California, which is operated and managed by Synagro. Figure 5.1 
highlights the biosolids composting process. 



SOLIDS DISPOSAL | VOL 5 | CH 5 | CITY OF RIVERSIDE 

FINAL | JUNE 2019 | 5-3 

To produce the Class A compost, a technology called the in-vessel aerated static pile method is 
used. This composting method is classified in Federal Regulation 40 CFR 503 as a PFRP. For this 
method, the dewatered biosolids and ground wood chips are mixed and placed in large covered 
windrow piles. The windrows piles are built on a concrete pad that contains an air plenum under 
the pile. Once built, the windrows are covered with a special tarp containing a breathable 
membrane laminated between two layers of polyester fabric. The breathable membrane provides 
a barrier that most long chain molecules, fatty acids, sulfur compounds, and other odorous and 
volatile organic compounds cannot penetrate, while air and water vapor can pass through. 

 

Figure 5.1 Biosolids Compost Process Flow Diagram 

The tarp is sealed against the concrete surface and then air is blown into the air plenum and 
through the pile to provide oxygen for the composting process. Sufficient heat is produced and 
retained within the pile by the biological process to heat the pile to greater than 131 degrees F, 
which kills pathogenic organisms. 

After approximately 4 weeks, the cover is removed, the pile is mixed using a large piece of 
equipment called a windrow turner, the cover is replaced, and the composting is resumed for 
another 4 weeks. Finally, the cover is removed, and the compost is screened in a large drum screen 
to separate the larger chips from the finer material. The pile is mixed again and the mixture is 
allowed to cure for 2 to 4 weeks. After curing, the compost is tested and is ready to be released to 
the market. 

5.5.1.2   Disposal Options and Costs 

Synagro is willing to enter into a partnership with the City and can provide discount rates for 
acceptance of Class B biosolids. Synagro estimates the City’s tipping fee to be approximately 
$55/wt, with an additional $20/wt for transportation. Synagro is willing to negotiate with the City 
on the cost of biosolids disposal. Table 5.2 lists the advantages and disadvantages of entering into 
a partnership with Synagro and using their services as an alternative to continued land application. 
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Table 5.2 Advantages and Disadvantages of Nursery Products 

Advantages Disadvantages 

Less susceptible to regulatory changes. More expensive than continued land application. 

Increased goodwill from the public over the 
use of a more sustainable disposal option. 

 

5.5.2   Alternative 2-Pelletizing Process On-site 

Alternative 2 involves the pelletizing of biosolids, which is the transformation of biosolids into a 
granular product that is nearly odor-free, rich in nutrients, and a Class A product. Figure 5.2 
highlights a mixer to dryer pelletizing setup. 

5.5.2.1   Process Overview 

The City would construct an on-site pelletizing facility. The facility would consist of an odor control 
system (venturi scrubber), paddle mixer, rotary drum dryer, cooler, baghouse, product screens, 
crushing equipment, recycle bin, and a product bin. 

At the pelletizer facility, the biosolids are placed in a mixer, generally in a pug mill or paddle mixer. 
Here, raw feed and binder are thoroughly mixed, and granulation occurs. Next, the granules 
produced in the pug mill are fed to a rotary dryer. The tumbling action of the dryer polishes and 
rounds the granules into their final form. After the dryer, the granules are fed to a rotary cooler 
where the product is cooled. The product is then screened, and both undersized and oversized 
granules are crushed and fed back to the beginning of the process as recycle. The product is 
classified as Class A and can be distributed to the public for a fee or possibly used as fuel in a 
cement kiln. 

5.5.2.2   Disposal Costs and Summary 

The City with its own pelletizer facility would have the freedom to negotiate with any third party 
to take responsibility of creating, marketing, and selling the pellets. In this study, certain 
assumptions were made to determine the cost of this alternative. The first assumption was that 
the pelletizer facility would last 20 years and that the capital cost would be spread across those 
20 years. The second assumption was that a specialized odor control system would be needed to 
meet emissions standards and secure a permit. IRWD recently secured a permit in 2016 from 
AQMD for a similar pelletizer facility to the one presented in this alternative. The odor control 
system IRWD installed to meet AQMD standards was used to develop the cost of this alternative. 
The third assumption was that no money would be made from the distribution of the pellets; 
however, there would also be no transportation costs associated with the hauling and distribution 
of the biosolids or pellets. Using those assumptions a cost of $86.49/wt was determined. Table 5.3 
shows a detailed breakdown of the cost. 

Table 5.3 Breakdown of Costs for Alternative 2 On-Site Pelletizer 

Annual Capital 
Cost(1) 

Odor 
Control(2) 

Electrical 
Cost(3) 

Natural Gas(4) Maintenance(5) 
Annual 
Costs 

$3,282,246 $259,527 $168,192 $321,930 $230,000 $4,261,895 
Notes: 
(1) Annual Cost calculated for a period of 20 years with a 6% interest rate on a total capital cost of $38,178,200. 
(2) Annual Cost calculated for a period of 20 years with a 6% interest rate on a total capital cost of $3,018,746. 
(3) $0.12 per kW-hr assumed. 
(4) $0.56 per therm assumed. 
(5) 2% of capital costs. 
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Table 5.4 lists the advantages and disadvantages of construction an on-site pelletizer facility as an 
alternative to continued land application. Synagro is interested in leasing land from the City with 
the purpose of constructing an on-site operation that would convert the City’s biosolids from 
Class B to Class A. If this were to occur, the annual costs would likely be lower than those presented 
in Table 5.3. If the City is serious about this type of Public Private Partnership they should meet 
with Synagro to establish actual costs because Synagro will be more likely to fine tune the 
numbers once actual negotiations are undertaken. 

Table 5.4 Advantages and Disadvantages of On-Site Pelletizing of Biosolids 

Advantages Disadvantages 

Less susceptible to regulatory changes. More expensive than continued land application. 

Increased goodwill from the public over the 
use of a more sustainable disposal option. 

 

Possible City/Vendor cost sharing to 
compensate for the use of the City’s Land, and 
the ability to accept biosolids from other 
Southern California sources. 

 

5.5.3   Alternative 3-Pelletizing Process Off-site 

In this alternative, the City can send biosolids to the nearest Synagro facility for pelletizing, where 
the handling and distribution of the biosolids will be the responsibility of Synagro.  

5.5.3.1   Process Overview 

Just like the current land application method, a fleet transportation service would send trucks to 
the RWQCP daily to pick up the dewatered solids and deliver it to the regional pelletizing facility. 
The nearest pelletizing facility to the RWQCP is the Sacramento Pelletizer located approximately 
430 miles from the RWQCP in Elk Grove, California, which is operated and managed by Synagro. 

At the pelletizer facility, the biosolids will be converted to a Class A product and can be distributed 
to the public for a fee. For this alternative Synagro would be responsible for creating, marketing, 
and selling the pellets. 
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Figure 5.2 Mixer to Dryer Pelletizing Process Flow Diagram 
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5.5.3.2   Disposal Costs and Summary 

Synagro is willing to enter into a partnership with the City and can provide discount rates for 
acceptance of Class B biosolids. Synagro estimates the City’s tipping fee to be approximately 
$45/wt, with an additional $20/wt for transportation. Synagro is willing to negotiate with the City 
on the cost of biosolids disposal. Table 5.5 lists the advantages and disadvantages of entering into 
a partnership with Synagro and using their services as an alternative to continued land application. 

Table 5.5 Advantages and Disadvantages of Pelletizing Biosolids 

Advantages Disadvantages 

Less susceptible to regulatory changes. More expensive than continued land application. 

Increased goodwill from the public over the 
use of a more sustainable disposal option. 

 

5.5.4   Alternative 4-Lystek Process On-Site 

The Lystek process involves a combination of heat, alkali, and high shear mixing to achieve 
effective lysis (breakdown) of the biological material in the biosolids. The final product is a Class A 
liquid, which can be used as fertilizer. A portion of the liquefied product can be used by the City to 
improve BNR in the secondary process or biogas/methane production in the digestion process. 

5.5.4.1   Process Overview 

Lystek is interested in leasing land from the City with the purpose of constructing an on-site 
operation that would convert the City’s biosolids from Class B to Class A. Additionally, this on-site 
Lystek operation would accept biosolids from other Southern California sources, and any profits 
made would be shared among all participating municipalities. 

Figure 5.3 shows the process flow diagram of the Lystek process. The on-site Lystek facility will 
consist of a solids feedstock hopper, mixer, boiler, and storage tanks. The process begins with the 
delivery of biosolids to the on-site installation via pumps or other conveyance methods. A 
progressive cavity pump conveys the biosolids from the solids feedstock hopper to a mixing tank 
were steam is applied. The combination of the steam and high shear environment breaks down 
the biological material releasing volatile fatty acids, which lowers the pH. Alkali solution is added 
to normalize the pH of the mixture before the final liquefied product is pumped into a storage 
container. 

The organic-rich liquefied product is then distributed as a fertilizer by Lystek. However, the City 
can negotiate that a portion of the product be recycled back to the plant to optimize anaerobic 
digestion or BNR. Lystek claims that the reintroduction of the liquefied product, which is high in 
COD can enhance biogas/methane production by 30 to 50 percent and reduce solids production 
by 20 to 30 percent. Table 5.6 lists the characteristics of the liquefied product. Additionally, Lystek 
claims that the liquefied product is an excellent carbon source for BNR and can enhance bio-
denitrification or bio-phosphorous removal. Lystek claims that the product can be a replacement 
for commercial methanol, glycerol, or acetic acid. 
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Figure 5.3 Lystek Process Flow Diagram 
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Table 5.6 Lystek’s Liquefied Class A Product Characteristics(1) 

Element Unit Value 

Total Solids  % 14-16 

Volatile Solids % of total solids 55-60 

Total Organic Carbon % 26-28 

Organic Matter % 45-50 

tCOD(2) mg/L 105,000-150,000 

sCOD(3) mg/L 40,000-60,000 

RbCOD(4) mg/L 25,000-30,000 

VFAs mg/L 10,000-15,000 

Viscosity cP 4,000-6,000 
Notes: 
(1) Data provided by Lystek. 
(2) t = total. 
(3) s = soluble. 
(4) Rb = readily biodegradable. 

5.5.4.2   Disposal Options and Costs 

For the on-site option Lystek estimates the City’s tipping fee to be approximately $75/wt. This cost 
includes the cost to construct the facility and the cash flow that would accrue to the City for the 
lease of the land. Lystek is willing to negotiate with the City on the cost of biosolids disposal. 
Table 5.7 lists the advantages and disadvantages of entering into a partnership with Lystek and 
using their services as an alternative to continued land application of Class B biosolids. 

Table 5.7 Advantages and Disadvantages of the On-Site Lystek Option 

Advantages Disadvantages 

Less susceptible to regulatory changes. More expensive than continued land application. 

Byproducts can be used to improve 
performance of digestion and secondary 
treatment processes. 

 

Increased goodwill from the public over the use 
of a more sustainable disposal option. 

 

Possible City/Vendor cost sharing to 
compensate for the use of the City’s Land, and 
the ability to accept biosolids from other 
Southern California sources. 

 

5.5.5   Alternative 5-Lystek Process Off-Site 

In this alternative, the City can send biosolids to the nearest Lystek facility where the handling and 
distribution of the biosolids will be the responsibility of Lystek. 

5.5.5.1   Process Overview 

Just like the current land application method, a fleet transportation service would send trucks to 
the RWQCP daily to pick up the dewatered solids and deliver it to the regional Lystek facility. The 
nearest Lystek facility to RWQCP is Fairfield-Suisun Sewer District located approximately 



CITY OF RIVERSIDE | VOL 5 | CH 5 | SOLIDS DISPOSAL 

5-10 | JUNE 2019 | FINAL 

450 miles from the RWQCP in Fairfield, California, which has an on-site facility operated and 
managed by Lystek. The process is identical to the one described in Section 5.4.3, Alternative 3, 
with the only difference being that there might not be an option to use a portion of the liquefied 
product to aid in anaerobic digestion or BNR. 

5.5.5.2   Disposal Options and Costs 

For the off-site option, Lystek estimates the City’s tipping fee to be approximately $65/wt, with 
an additional $20/wt for transportation. Lystek is willing to negotiate with the City on the cost of 
biosolids disposal. Table 5.8 lists the advantages and disadvantages of entering into a partnership 
with Lystek and using their services as an alternative to continued land application. 

Table 5.8 Advantages and Disadvantages to the Off-Site Lystek Option 

Advantages Disadvantages 

Less susceptible to regulatory changes. More expensive than continued land application. 

Increased goodwill from the public over the 
use of a more sustainable disposal option. 

 

5.6   Summary 

Table 5.9 shows the estimated annual costs for the current solids disposal approach and each of 
the other five alternatives discussed in this chapter. All the alternatives have a common 
advantage, which is the possibility of increased goodwill from the public over the use of a more 
sustainable disposal option. The alternative solids disposal alternatives discussed would offer less 
trucking (less air pollution) and provide a “Class A” product that can benefit the local agricultural 
industry. During a workshop with the City staff, there was an interest in negotiating a Public 
Private Partnership Agreement to provide on-site treatment for the biosolids. The City staff is 
interested in becoming a Regional partner with either Lystek or Synagro for this partnership. 

Table 5.9 Annual Cost for Solids Disposal Options Proposed 

Solids Disposal Option Annual Cost ( $ Million) Cost per Dry Ton 

Continued Land Application 1.97 $39.95 

Nursery Products 3.45 $75.00 

Pelletizing Option A: On-site 4.26 $86.49 

Pelletizing Option B: Off-site  3.20 $65.00 

Lystek, Option A: On-site 3.70 $75.00 

Lystek, Option B: Off-site 4.19 $85.00 

For planning purposes, the City should budget to spend approximately $2 million per year over 
each of the 5 years using the current Arizona-based land application method. The allowance 
should be increased to $2.5 million per year for the following 5 years to account for about 
20 percent of the biosolids production going to an alternate disposal site. The allowance should 
be increased further to $3.2 million per year beyond that, based on the assumption that up to 
50 percent of all biosolids would be disposed of by other more expensive alternatives than trucking 
to Arizona by that time. 

This approach will provide the City with a diversified approach to biosolids disposal, which will 
position them well for any future uncertainties in biosolids disposal regulations. 
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