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Executive Summary 
The Receiving Lift Station (RLS) is a new pumping station that will lift flow from a gravity pipeline that 
transports wastewater from the “Member Agencies” (City of Belmont, City of San Carlos, City of 
Redwood City and West Bay Sanitary District) to a new Headworks at the Silicon Valley Clean Water 
(SVCW) Wastewater Treatment Plant (WWTP). The RLS will be located at the WWTP adjacent to the 
new Headworks. This RLS Project Planning Report presents current thinking regarding the RLS 
Project, which is one of several projects included in an overall Capital Improvements Program (CIP) 
being executed by SVCW. This report is intended to describe the RLS Project, and is not meant to be 
a preliminary or final design. A progressive design build entity will review this information as 
background and then work collaboratively with SVCW to develop additional concepts, preliminary 
design, a final design, and construct the RLS Project.  

The RLS Project Planning Report discusses the RLS Project’s background and purpose, setting, 
compiled data and assumptions, project specific analyses completed to date, the selected RLS 
Project description, cost estimate, schedule and next steps for progressing the design. 

Background 
The SVCW conveyance system transports raw wastewater from its Member Agencies to the SVCW 
WWTP. Four pump stations convey flow to the SVCW WWTP through the conveyance system force 
main: Belmont Pump Station (BPS), San Carlos Pump Station (SCPS), Redwood City Pump Station 
(RCPS), and Menlo Park Pump Station (MPPS). These pump stations and force mains will require 
upgrades since the pump stations are at the end of their useful lives and cannot meet the 2030 
projected flows. An analysis was conducted to identify alternatives to improve the conveyance 
system that may reduce impacts to residents, businesses and other facilities. The alternatives 
analysis identified over 140 combinations of pipeline alignments and pump station locations that 
included different construction methods and modes of operation (e.g., gravity and pressure 
conveyance and configuration and location of conveyance storage). 

The proposed Wastewater Conveyance System and Treatment Reliability Improvement Project, 
hereinafter referred to as the proposed Conveyance System Project, consists of the 
replacement/rehabilitation or repurposing of existing pump stations, improvements to the existing 
WWTP, and replacing portions of the existing force main pipeline with a deep gravity pipeline and 
new force mains. The proposed Conveyance System Project is characterized by major conveyance 
components including installing a new gravity pipeline, RLS, flow diversion facilities, influent 
connector pipes, and the replacement, rehabilitation or re-purposing of the four pump stations. 
Figure ES-1 shows a schematic of the proposed Conveyance System Project.  
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Figure ES-1. Schematic diagram of proposed Conveyance System Project 

(Source: Kennedy/Jenks Consultants) 

 

Recommended RLS Project 
The proposed Conveyance System Project includes upgrades and improvements at many of SVCW’s 
existing conveyance facilities, and also involves construction of new facilities. This Project Planning 
Report is focused on the design efforts to date at RLS, which is one component of the proposed 
Conveyance System Project. The RLS would be a deep, submersible pump station to pump the 
incoming wastewater from the gravity pipeline to an elevation sufficient to flow through the newly 
constructed Headworks Facility and additional WWTP processes. The RLS would be located on the 
SVCW property that currently holds the existing 10-acre ornamental pond area. The structure 
housing the RLS would extend approximately 10 feet above grade and approximately 93 feet below 
grade. The proposed RLS (Figure ES-2) will consist of the following major components: 
• Connection to the gravity pipeline, including use of the Tunnel Boring Machine (TBM) retrieval 

shaft as the Flow Splitter Shaft. 
• Two trench-style wet wells with submersible pumps within the Main RLS Shaft 
• Pipe gallery for pump discharge piping, odor control ducts, flow meters and flush water piping. 
• Flushing lines located at the sluice gates and stop logs and at each pump intake 
• Flow Distribution Box at the pump discharge to feed into the Headworks 
• Odor control systems located in the Headworks Facility 
• Electrical facilities located in the Headworks Facility 
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Figure ES-2. Overall RLS layout – plan view 

 

The RLS would have a minimum redundant pumping capacity of 75 million gallons per day (mgd) at 
maximum total dynamic head (TDH). Each wet well could consist of three submersible non-clog 
pumps: three 15 mgd pumps in each wet well, for a total of six 15 mgd pumps. The combination of 
five 15 mgd pumps operating would convey 75 mgd with the sixth 15 mgd pump as a standby. 

Project Schedule and Budget 
The schedule of work for the RLS was developed as part of the proposed Conveyance System Project 
schedule. The RLS is currently proposed to be designed and constructed as a design build project 
with the additional Front of Plant (FoP) improvements. Currently, design development for the RLS 
and other FoP improvements is scheduled to begin in October 2017. Construction is scheduled to 
start for all FoP improvements including the RLS in December 2018 and will be complete in July 
2022.  

Brown and Caldwell (BC) developed a Class 3 cost estimate [as defined by the American Association 
of Cost Engineering International (AACE)] for the RLS in April 2016. The capital costs were originally 
developed in 2016 dollars, but were escalated to 2020, which is the midpoint year of construction. 
Table ES-1 summarizes the construction costs, contingency and soft costs, 2016 capital costs, and 
escalated capital costs for the RLS. 
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Table ES-1. RLS capital cost 

 Total Net Cost 

Total Construction Cost1 $10.2 M 

Contingency and Soft Cost Subtotal (25% and 43% of Construction Cost) 
$2.5 M 
$4.4 M 

2016 Capital Cost $17.1 M 

2020 Capital Cost $20.0 M 

Market Fluctuation Ranges2 $19.4 M – $21.8 M 

1. The RLS capital cost does not include construction costs for the pump station shaft, as that is included in the gravity tunnel project. 
2. Market fluctuations developed by SVCW. Source: SVCW Conveyance System Construction Cost Analysis, Front of Plant, Revision 

Date: April 22, 2015, Revision 28b. 

 

Outstanding Issues to Carry into Subsequent Design 
Several items will need further refinement and coordination with SVCW. These items include, but are 
not limited to: 
• Hydraulic model and pump selection refinement that will affect the overall wet well dimensions, 

available pump manufacturers, number of pumps on variable frequency drives (VFDs) and 
number and size of the pumps.  

• Equipment removal and maintenance access 
• Odor control sizing 
• Architectural features to match the surrounding area 
• Alignment and grade of incoming gravity pipeline 
• Alternative configuration of the shafts and sizing as well as structural improvements needed to 

convert the shafts into permanent structures 
• Alternative RLS configurations other than self-cleaning trench style wet wells 
• Alternative shaft corrosion protection approaches 
• Alternative pipe discharge locations including above ground 
• Alternative building configurations for RLS electrical, Headworks, and odor control. 
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Section 1 

Introduction 
This Project Planning Report discusses the RLS Project, which is a new pump station that will lift flow 
from a gravity pipeline that transports wastewater from the Member Agencies to a new Headworks at 
the SVCW WWTP. The RLS will be located at the WWTP adjacent to the new Headworks. The RLS 
Project is one component of the proposed Conveyance System Project; other related projects are 
discussed in separate Project Planning Reports.  

The RLS Project Planning Report is intended to describe the RLS Project developed for and as 
generally presented in the Draft Environmental Impact Report (Draft EIR; SVCW, 2016). It is not 
meant to be a preliminary or final design, and it is not intended to be prescriptive to a progressive 
design build entity. A progressive design build entity will review this information as background and 
then work collaboratively with SVCW to develop additional alternative concepts, preliminary design, a 
final design and then construct the RLS Project. Alternative concepts may be developed that vary 
from the concepts contained in the planning reports. These new concepts will be considered and 
evaluated as alternatives. If the final RLS Project varies significantly from the concepts shown in 
these planning reports, additional California Environmental Quality Act (CEQA) review may be 
required. The level and timing of this possible CEQA review will be considered as the concepts are 
evaluated. Project Planning Reports for the other elements of the proposed Conveyance System 
Project have been prepared as separate documents. The Project Planning Report discusses the 
following topics: 
• Section 1 – Introduction: The proposed Conveyance System and RLS Project’s background and 

purpose. 
• Section 2 – Setting: The RLS Project’s setting including physical, institutional and interproject 

setting. 
• Section 3 – Compiled Data and Assumptions: Compiled data and assumptions including 

planning and design parameters and assumptions and a summary of field investigations. 
• Section 4 – Project Specific Analyses: RLS Project specific analyses including alternatives 

analysis, siting evaluation and hydraulic analysis.  
• Section 5 – Selected Project Description: Selected RLS Project description including a written 

description of the recommended RLS Project alternative, major components, conceptual 
drawings, process and instrumentation drawings, design criteria, major equipment, useful life of 
the RLS Project, equipment replacement frequency, site layout, energy, constructability, 
construction sequencing and additional design considerations. 

• Section 6 – Cost Estimate and Schedule: Cost estimate and schedule including life cycle costs 
and a planning level schedule for design and construction. 

• Section 7 – Outstanding Project Issues: Next steps for preliminary design including a description 
of unresolved issues, further field investigation, description of additional analyses, decisions 
required from SVCW staff or management and items critical to interproject coordination.  
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1.1 Background 
1.1.1 SVCW is a wastewater utility in San Mateo County 
SVCW is a Joint Powers Authority (JPA) that owns and operates a regional WWTP at the eastern end 
of Redwood Shores, within Redwood City, and related wastewater pumping and transmission 
facilities. SVCW treats the majority of the wastewater generated from the mid-peninsula of San 
Mateo County south of the San Mateo Bridge. The JPA members include the cities of Belmont, 
Redwood City, and San Carlos, and the West Bay Sanitary District (WBSD) (which provides sanitary 
sewer collection services to the cities of Menlo Park, Portola Valley, and portions of Atherton, 
Woodside, East Palo Alto, and unincorporated areas of San Mateo County).  

The individual members of the JPA own and operate the sanitary sewer collection systems within 
their respective jurisdictions. WBSD also owns the existing flow equalization facility (FEF) that is 
leased to SVCW and used to store wastewater during wet weather conditions. SVCW owns and 
operates the WWTP and the sanitary sewer force main and pump stations that convey the 
wastewater from the member agency connections to the treatment plant. 

1.1.2 Existing conveyance system 
SVCW’s existing conveyance system assets include four pump stations, one for each of the four 
member agencies, a wet weather booster station located in the SCPS, an Influent Lift Station (ILS) 
located at the WWTP, and an approximately nine-mile-long force main. SVCW leases from the WBSD 
a FEF, which is an integral part of SVCW’s existing conveyance system.  

1.1.3 History of SVCW and the conveyance system 
To understand the need for the proposed Wastewater Conveyance System and Treatment Reliability 
Improvement Project (the proposed Conveyance System Project) it is useful to know the history of 
SVCW, the assumptions used during the original design of the conveyance system, why the various 
components were built, and why at different times. This description of the history of SVCW will 
illustrate that the conveyance system is being operated in a manner different than its original design 
intent and, now, beyond its useful life.  

Until the mid-1960’s the mid-peninsula cities had their own wastewater treatment plants. Redwood 
City Sanitary District owned and operated the Redwood City Sewage Treatment Facility. Belmont and 
San Carlos owned and operated the Belmont/San Carlos Joint Sewage Treatment Facility. The 
developer of Redwood Shores (Mobil Land) owned the Redwood Shores Treatment Plant and it was 
operated by Redwood City Sanitary District. The Redwood City and Belmont/San Carlos plants 
separately discharged effluent to San Francisco Bay. The Redwood Shores Plant consisted of 
oxidation ponds and had no discharge as all the wastewater was evaporated. The level of treatment 
provided by these three plants and the locations of their outfalls could not meet the new stricter 
wastewater treatment and disposal regulations being imposed and developed at the state (Porter-
Cologne Act, 1969) and federal (Clean Water Act, 1972) levels.  

The Regional Water Quality Control Board (Regional Board) ordered a 10-to-1 dilution requirement 
for San Francisco Bay discharges. With encouragement from the Regional Board, in June 1969, the 
three cities formed the Strategic Consolidation Sewerage Plan Joint Powers Authority (SCSP JPA) for 
the purpose of addressing the new water quality regulations on a regional basis. To meet the 10-to-1 
dilution requirement as soon as possible, the SCSP JPA would build connecting pipelines and a deep-
water outfall for discharging the effluent from the existing three small treatment plants in advance of 
constructing the regional treatment plant. The site of the regional treatment plant needed to be 
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decided so design of the new outfall could begin. After considering several sites, the SCSP JPA 
selected the Redwood Shores Plant site at the mouth of Steinberger Slough for the regional plant.  

The pipeline consisted of six miles of reinforced concrete pipe that connected the treatment plants 
to the deep-water outfall located at the mouth of Steinberger Slough1. This new conveyance system 
was designed as a low pressure force main. In 1969 designs were completed for the pipeline as well 
as for the RCPS and the SCPS. These pump stations were built adjacent to the respective individual 
treatment plants. The pump stations, pipeline, and deep water outfall were put into service in 1971. 
The outfall, pipeline, and the Redwood City Pumping Plant (renamed Redwood City Pump Station) are 
still in use today.  

Concurrent with the SCSP JPA improvement plans, Belmont’s capital plans anticipated needing a 
new pump station and a pipeline that would connect it to the Belmont/San Carlos Joint Plant until 
the regional plant was operational. By the time the regional plant was operational and the 
Belmont/San Carlos Joint Plant closed, Belmont would also need a direct connection to the new 
SCSP force main. Design for a new pump station and direct connection force main on the west side 
of U.S. Highway 101 (US-101) finished in 1973. The force main consisted of two segments. The first 
was from the new BPS to the point of the future connection to the 54-inch force main. This section 
was 1,200 feet of 24-inch welded steel pipe, lined and coated with cement mortar. The second 
segment was downstream of the future connection point and terminated at the San Carlos/Belmont 
Joint Plant. In this segment the pipe size was reduced to 20-inches and the material changed to 
asbestos cement pipe. This change in size and material was likely due to the City wanting to reduce 
costs for this segment that would be used for less than 10 years.  

In the mid-1970’s, in response to Regional Board direction, the service area for the regional plant 
originally envisioned by the SCSP JPA expanded to include the West Bay Sanitary District (WBSD) 
service area. In November 1975, the members of the SCSP JPA and WBSD (previously named Menlo 
Park Sanitary District) founded South Bayside System Authority (SBSA, renamed in 2014 to Silicon 
Valley Clean Water) JPA as the successor to the Strategic Consolidation Sewerage Plan JPA.  

The addition of the WBSD service area necessitated expanding the conveyance system to connect 
WBSD. Design of a 2.7-mile-long 33-inch diameter reinforced concrete pipe force main between the 
RCPS and the future Menlo Park Pump Station (MPPS) site was completed in 1976. The pipe was 
put into service when the regional plant became operational in 1982. The addition of WBSD to the 
system required that a booster pump station be added to the force main system, as the additional 
WBSD flows were not anticipated in the original force main head loss and pressure calculations. 

The five segments of the existing force main, with year built, are described in Table 1-1. 

 

                                                      
1 It should be noted that reinforced concrete pipe was the pipe of choice when the pipeline was designed in the early 
1970’s. High density polyethylene (HDPE) pipe was not available in large diameters at that time. The highly corrosive nature 
of the Redwood Shores saline soils made steel a poor candidate for this alignment. 
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Table 1-1. Existing force main location, size and length 

Segment Location 

Pipe Inside 
Diameter (ID) 

(in) 
Year Built 

and Material 

Age of 
Pipeline 
(years) 

Length1 

Lineal Feet Miles 

1 Between MPPS and RCPS 33 
1977 
RCP 

40 14,450 2.74 

2 Between RCPS and SCPS 48 
1971 
RCP 

46 12,950 2.45 

3 Between the SCPS and Belmont “T” 54 
1971 
RCP 

46 3,550 0.67 

4 Between the Belmont Pump Station 
(BPS) and Belmont “T” 24 

1974 
WSCL/C2 

43 1,150 0.22 

5 Between Belmont “T” and SBSA WWTP 54 
1971 
RCP 

46 15,500 2.94 

Total Force Main 47,600 9.0 

Source: Based on Table 6.1 of the SVCW Conveyance System Master Plan (Winzler & Kelly, 2011). 
1. Lengths are rounded to the nearest 50 feet and tenth of a mile. 
2. WSCL/C = welded steel, cement mortar lined and coated. Construction date estimated based on design drawings being completed 

in February 1973. 

 

In anticipation of higher flows and the higher water surface elevation of the regional WWTP, SBSA 
modified existing pump stations or built new one(s). The (1971) Redwood City and the (1974) BPSs 
were enlarged. A new SCPS replaced the 1971 SCPS. The MPPS was a new pump station that was 
subsequently modified in 1990 as part of WBSD’s flow equalization project. Table 1-2 provides a 
summary of dates related to the pump stations. 

 
Table 1-2. Age of existing pump stations 

Pump Station 
Existing Pump Station 

Operational 
Enlarged, New or 

Modified Years in Service 

MPPS 1982 1990 35 

RCPS 1971 1982 46 

SCPS -- 1982 
(new) 35 

BPS 19741 1982 43 

1. 1974 is based on the date of the force main design drawings. 

 

Design of SBSA’s regional WWTP was completed in December 1977 and the new plant became 
operational in 1982. When the regional WWTP plant was put into service, the four smaller plants 
were decommissioned and the new and upgraded pump stations began to pump wastewater to the 
regional plant.  



SVCW Conveyance System Program 
Receiving Lift Station Project Planning Report Section 1 

 

 1-5 

RLS PPR-Final-20170331.docx 

1.2 Reasons the Project is Needed 
The proposed Conveyance System Project is necessary to eliminate ongoing reliability concerns and 
accommodate changes in wastewater flowrates. Replacement of the conveyance system is SVCW’s 
highest priority due to its age and continual state of failure. The existing SVCW conveyance system 
components are beyond their useful life. The American Society of Civil Engineers (ASCE) published a 
report entitled “Failure to Act” (ASCE, 2011) with the purpose “to provide an objective analysis of the 
economic implications for the United States of its continued underinvestment in infrastructure.”  
Table 1-3 lists the useful life for force mains and pump stations used in the ASCE report.  

 
Table 1-3. Useful lives of wastewater pump stations and force mains 

Component 
Useful Life 

(years) 

Force Mains 25 

Pumping Stations – Concrete Structures 50 

Pumping Stations – Mechanical or Electrical 15 

Source: Table 5 of Failure to Act, the economic impact of current investment trends in water and wastewater 
treatment infrastructure (American Society of Civil Engineers, 2011). 

 

1.2.1 Force mains 
SVCW’s 46-year-old concrete force main is in poor condition and needs to be replaced. The pipeline 
suffers from several problems caused by the soils in which it is installed and the sewage 
characteristics. Problems have compounded, resulting in a history of numerous leaks. These leaks 
range from minor to the occasional catastrophic failure. Leaks require repairs along streets and in 
backyards and sometimes within biologically sensitive environments.  

One section of the original force main that had the most leaks was replaced in 2015 with a fused-
jointed high density polyethylene (HDPE) pipe. This was a 1.7-mile long portion of the 48-inch 
diameter force main from the RCPS to the north end of Inner Bair Island. The proposed Conveyance 
System Project will replace the remaining original force main that begins where the 48-inch 
replacement project ended (the north end of Inner Bair Island) and terminates at the WWTP. 

Much of the existing force main is buried in young bay mud (YBM) soils that are poorly suited to the 
existing pipeline material and joint system. YBM has two main problems: it is expansive and 
corrosive. Expansive soils are weak, unstable, have high shrink-swell potential, and settle over time. 
The pipeline consists of 12-foot-long reinforced concrete pipe sections that are connected to each 
other with single non-restrained “O-ring” joints. The YBM soil does not provide sufficient support for 
the reinforced concrete pipe and its joints. This results in pipe movement and separation at the 
joints and is the cause of the majority of the leak events.  

The bay mud soil is highly corrosive to buried steel and concrete that comes into direct contact with 
the soil. The pipe is also subjected to microbiologically influenced corrosion (MIC) from sewer gases 
inside the pipe. Internal and external corrosion of the concrete and reinforcing steel leads to more 
significant leaks. When surges in flow occur (such as during a power outage) the resulting pressure 
and vacuum surge conditions have broken the weakened pipeline resulting in major sewage spills. 
These types of leaks tend to be catastrophic with the potential of uncontrollable discharge of 
untreated wastewater to the environment. 
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The frequency of pipeline leaks is expected to increase as the pipe ages, given the current poor 
condition of the pipelines, continued movement of weak soils, and acceleration of the internal and 
external corrosion. 

In addition to the problems related to the soil, the existing pipeline was designed as a low-pressure 
force main pipeline and not for typical force main pressures. When WBSD was added to the 
conveyance system and as wet weather flows have risen, flows in the force main have grown higher 
than the original design anticipated. When the WBSD flows were added, a booster pump station, and 
later a FEF, were added to the system.  

With Herculean efforts, SVCW maintains pressures and surges in the conveyance system to within 
the force main’s pressure limits, though this approach comes with significant risk. SVCW must 
carefully manage the flow in the pipeline to minimize leaks by opening and closing valves, turning on 
and off pumps (including the booster and influent lift pumps), diverting flow to storage, and backing 
up sewage in member agency collection systems. During wet weather events, wastewater flows from 
the WBSD collection system are diverted to the WBSD flow equalization facilities. When flows 
subside, the WBSD wastewater is pumped from the FEF through the MPPS and to the WWTP. 
Sometimes these pressure management efforts require using all available pumps and valves leaving 
limited or no backup equipment.  

The reasons provided for replacing the pipelines are corroborated by industry accepted guidelines of 
useful life. The 46-years is well beyond a typical force main’s lifespan of 25 years.  

1.2.2 Pump stations 
All five pump stations, the four member agency pump stations and the ILS, are in varying states of 
condition, ranging from poor to very poor. Despite system-wide repairs and regular maintenance, the 
pump stations are in need of replacement to provide safe and reliable operation and to 
accommodate the future projected flows through the system. Each pump station is at least 35 to 46 
years old, well beyond the 15-year useful life for the mechanical and electrical components, and 
approaching the life of the concrete structure. In most instances the condition of the equipment has 
degraded to the extent that the systems require extensive maintenance to ensure functionality and 
reliability. To keep the pump stations operational, SVCW is spending millions of dollars to replace 
various pump station components, such as control systems, pumps, and valves. These components 
will not be used after the proposed Conveyance System Project is completed. 

The solution to the current conveyance system problems SVCW is facing is to replace the original 
pipeline with a new pipeline that is designed for local soils conditions and system flows, and to 
replace or rehabilitate the pump stations. The conveyance pipeline and the pumping system 
improvements are interconnected and need to be planned, designed, and constructed in tandem. 

1.2.3 Headworks 
The proposed Conveyance System Project also includes construction of a Headworks to house 
screening and grit removal facilities. This process will be the first step in treatment. It removes rags, 
sand, grit, and debris that damage pumps and other process equipment.  

The original SVCW wastewater treatment facility was built with no Headworks. The plant’s current 
partial screening and grit removal processes continue to allow excessive downstream grit and 
unscreened material that cause premature wear on equipment and result in high maintenance and 
repair costs. Large debris and inorganic solids such as rags that are not removed by the existing 
screening equipment are removed manually. Manual removal of rags is labor intensive and places 
plant personnel in challenging work environments. SVCW recently installed new digester mix pumps, 
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rotary screen presses, and gravity belt thickeners. This new equipment is very susceptible to damage 
caused by rags and debris. Without the Headworks, this new equipment will experience the same 
premature wear as the older equipment. 

SVCW’s decision to install screening and grit removal facilities was made for purposes of protecting 
its employees, addressing the continued high costs for labor and equipment damage, and increase 
the reliability of the overall treatment process. Effective screening of incoming wastewater will save 
both operation and maintenance costs and improve SVCW’s operational capabilities.  

1.3 Proposed Conveyance System Project Overview 
The proposed Conveyance System Project proposes a combination of rehabilitating, repurposing, and 
decommissioning existing SVCW conveyance system assets, and the construction of replacement 
assets. Brief summaries of the major components included in the proposed Conveyance System 
Project are provided in the following paragraphs. 

1.3.1 Pipelines 
A 15-foot outside diameter tunnel will be built using a TBM to connect the recently constructed 48-
inch replacement force main (located at the northern end of Inner Bair Island) to the WWTP. The 
distance between top of the tunnel and the ground surface will range from 20 to 52 feet. Inside this 
tunnel will be a new 11-foot inside diameter gravity pipeline. This new gravity pipeline will replace the 
remaining portion of the 48-inch and the entire existing 54-inch force main pipelines. The BPS would 
be connected to the new gravity pipeline by rehabilitating the existing 24-inch pipeline and a portion 
of the 54-inch pipeline. The 33-inch force main pipeline that connects the MPPS to the RCPS would 
remain as it exists. 

1.3.2 Pump stations 
The MPPS and the BPS will be rehabilitated and remain as part of the proposed Conveyance System 
Project. A new pump station will be built on the existing RCPS site and the existing pump station 
building will be repurposed to house auxiliary equipment that supports the new RCPS. The SCPS will 
no longer be needed and will be decommissioned. Portions of the SCPS building and yard will be 
repurposed to house odor control and ancillary equipment needed by other elements of the 
proposed Conveyance System Project. At the downstream end of the gravity pipeline, a new deep 
pump station (called the RLS) will be built to pump the wastewater from about 60 feet below grade 
to the new Headworks. 

1.3.3 Headworks 
A Headworks Facility will be constructed downstream of the receiving lift station to provide coarse 
screening and grit removal from the raw wastewater. This is a new treatment process being added to 
the WWTP treatment train. Two new large-diameter pipes will be built to connect the Headworks to 
the existing primary treatment process. Odor control facilities for the RLS and Headworks will be 
installed adjacent to the Headworks Facility.  

1.4 Planning and Design History of the Conveyance System Project 
SVCW completed a Conveyance System Master Plan (CSMP) in August 2011 (Winzler & Kelly, 2011) 
to plan and program the projects required for improving its conveyance system. The recommended 
approach at the time was to replace the existing force main with a new force main, and to 
rehabilitate or replace the pump stations. Chapter 7 of the CSMP developed conceptual-level 
requirements for the replacement and rehabilitation of the SVCW pump stations that served as the 
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baseline for the pump station predesign. The CSMP also identified several items that required 
further refinement to be completed during the design phases of the project.  
Following completion of the CSMP, BC started the preliminary design of the conveyance system 
pump stations in 2012. An Administrative Draft of the Conveyance System Predesign Report was 
completed in May 2014 (Brown and Caldwell, 2014). The proposed project at that time consisted of 
the following key elements, and is shown in Figure 1-1. 
• Pipe Modifications: 

− Rehabilitation or replacement of the Segment 1 force main between MPPS and RCPS shown 
as PS1 and PS2 in Figure 1-1, respectively 

− Replacement of the Segment 2 with a new 48-inch diameter force main 
− Installation of a 36-inch gravity line to convey flow from the Belmont Connection Point to 

SCPS, shown as PS3 in Figure 1-1 
− Replacement of the Segment 3 force main with a 63-inch force main 

• Pump Station Modifications: 
− New pump station at MPPS called PS1 in predesign 
− New pump station at RCPS called PS2 in predesign 
− New pump station at SCPS called PS3 in predesign 
− Elimination of BPS. BPS replaced with a connection from the Belmont Collection System to 

the 36-inch gravity line. 
 

 
Figure 1-1. May 2014 Predesign proposed SVCW conveyance system 
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Following submittal of the Administration Draft of the Conveyance System Predesign Report in 2014 
(Brown and Caldwell, 2014), SVCW decided to place the design of the Conveyance System on hold in 
order to evaluate gravity pipeline alternatives, which could be used in lieu of a force main in the San 
Carlos and Redwood Shores areas. The alternatives that were evaluated consisted of varying 
combinations of pump stations, gravity pipeline, and force mains to convey wastewater from SVCW’s 
Member Agencies to the WWTP. SVCW performed a success versus risk analysis of the alternatives 
and selected the proposed Conveyance System Project described in Section 1.3. On May 14, 2015, 
the SVCW Board of Commissioners approved the proposed Conveyance System Project and granted 
permission to proceed with CEQA documentation and conceptual design.  

BC began conceptual design of the pump stations in 2015 to support the development of Draft EIR 
that is required for CEQA documentation of the proposed Conveyance System Project. The Draft EIR 
was submitted in November 2016, and this Project Planning Report summarizes the conceptual 
design as of that date. The proposed Conveyance System Project is displayed in Figure 1-2. The key 
elements of the proposed Conveyance System Project are described in Section 1.3. 

 

 
Figure 1-2. Schematic diagram of the proposed project 

(Source: Kennedy/Jenks Consultants) 

 

Table 1-4 summarizes major changes that have occurred between 2014 preliminary design of the 
conveyance pump stations and the proposed Conveyance System Project as of November 2016.  
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Table 1-4. Pre-design vs. proposed Conveyance System Project elements comparison 

Pre-design Project element 
Pre-design 

(2014) 
Proposed Conveyance System Project 

(2016) 
Pipes 

Segment 1 Force Main • Replacement or rehabilitation of 
Segment 1 force main. 

• No changes to Segment 1 force main 
under current project. Rehabilitation to 
occur in the future. 

Segment 2 Force Main • Replacement of Segment 2 force main 
with new 48-inch force main. 

• Part of Segment 2 replaced with 48-inch 
force main, segment labeled as “Airport 
Segment Alignment” in Figure 1-2 will be 
replaced with gravity pipeline. 

Segment 3 Force Main • Replacement of Segment 3 force main 
with new 63-inch force main. 

• Segment 3 will be completely replaced 
with gravity pipeline. 

36-inch Gravity Line • New 36-inch gravity line from BPS to 
SCPS. BPS flows to be pumped by 
SCPS. 

• The 36-inch gravity line will no longer be 
installed. Existing 24-inch and 54-inch 
force mains will be rehabilitated and 
convey flow from BPS to the gravity 
tunnel. 

Pump Stations 

MPPS (PS1) • MPPS will be a new pump station 
called PS1. 

• MPPS will be rehabilitated, but the name 
will not be changed. 

RCPS (PS2) • RCPS will be a new pump station 
called PS2. 

• RCPS will be a new pump station, but the 
name will not be changed. 

SCPS (PS3) • SCPS will be a new pump station 
called PS3. 

• SCPS will be repurposed to contain odor 
control facilities for the gravity pipeline. 

BPS • BPS will be eliminated. A connection 
will be made from the Belmont 
collection system for conveyance to 
SCPS. 

• BPS will be rehabilitated and convey flow 
to the gravity pipeline at the old SCPS 
site. 

RLS (Non-predesign item) • Does not exist as part of pre-design. • New RLS will be constructed to convey 
flow from the gravity tunnel into the new 
WWTP Headworks. 

 

1.5 Project Purpose 
This section discusses the RLS Project objectives and the expected benefits of the RLS Project.  

1.5.1 Objectives 
The objectives of the RLS Project are: 
• Provide major upgrades and improvements to maintain long-term operation of the pump station 

and conveyance system. The current conveyance system requires frequent hands-on 
maintenance and is experiencing ongoing operational challenges. 

• Allow RLS to handle future Year 2030 flows from the Member Agencies for conveyance to the 
new Headworks Facility 

• Provide ability to lift flow from the gravity pipeline for conveyance to the new Headworks Facility 
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1.5.2 Benefits 
The benefits of the RLS Project support the proposed Conveyance System Project objectives:  
• Easier, more efficient and effective operation and maintenance (O&M) of facilities. 
• Improved safety with better access to operate and maintain facilities 
• Lower impact on residences and businesses 
• Ability of the RLS to handle current and future projected flows 
• Allows force main rehabilitation between MPPS and RCPS to be deferred to a later date by 

reducing the overall conveyance system pressure 
• Allows MPPS to be rehabilitated, instead of requiring a new pump station, with a reduction in 

pump size due to double pumping of wet weather flows at RCPS and reducing the overall 
conveyance system pressure. 

• Allows the BPS to be rehabilitated and the SCPS to be repurposed, without necessitating 
construction of a brand new pump station, by conveying flow by gravity from SCPS. 

 
  



Section 1 
SVCW Conveyance System Program 

Receiving Lift Station Project Planning Report 

 

1-12  
RLS PPR-Final-20170331.docx 

 

This page intentionally left blank. 

 

 

 

 



 

 

 2-1 

RLS PPR-Final-20170331.docx 

Section 2 

Setting 
The following section describes the area where the RLS is proposed to be located, adjacent facilities 
and other features (hydrologic, geologic, topographic, etc.) that impact the RLS Project. 

2.1 Physical Setting 
The WWTP is located at the east end of the Redwood Shores peninsula, and serves all of the SVCW 
Member Agencies. As part of the conveyance system upgrade, several improvements are proposed 
at the site near the front entrance to the WWTP where an ornamental pond currently exists along 
Radio Road. These Front-of-Plant (FoP) improvements include construction of the RLS, among other 
facilities. The following sections discuss the constraints at the WWTP/RLS site that will impact the 
design and construction of the new facilities and considerations as the design is progressed. 

2.1.1 Existing site 
The proposed RLS will be located within the 22-acre SVCW WWTP site (Figure 2-1). The RLS site has 
limited available area, and the 10-acre ornamental pond was identified as the only available space 
for the proposed RLS and other WWTP improvements.  

 

 
Figure 2-1. RLS site 
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The existing SVCW WWTP is accessible by a secured gate. A perimeter fence is located around the 
existing WWTP site. The new FoP, including RLS, storm water pump station, and Headworks 
Facilities, will also need to be secured by a perimeter acoustic protective wall with access from Radio 
Road. 

2.1.2 Site features and considerations 
The FoP area will be graded to elevations required to provide access to new facilities and provide 
adequate site slope for drainage. The final surface grade around new facilities is anticipated to be 
approximately at Elevation 103 ft [National Geodetic Vertical Datum 1929 (NGVD29) +100 ft]. 
Structures will be placed approximately six inches above the finished grade to allow for positive 
drainage away from the structures and reduce ponding. Fill will be imported to raise the subgrade to 
an elevation that achieves site final grades when final pavement section thickness is added. Areas 
where no current improvements will be occurring will be graded to an approximate elevation of 101 
ft (NGVD29+100 ft).  

2.1.3 Existing utilities 
Utilities such as local water, sanitary sewer, storm water sewer and electrical currently service the 
WWTP. No known utilities are currently located beneath the 10-acre ornamental pond. New utilities 
will be needed to service the RLS and other FoP facilities. 

2.2 Institutional Setting 
The entire WWTP property, including the FoP improvement area, is zoned as Redwood Shores 
Bayfront (RSB) District. Per Article 28 of the Redwood City code, public or private wastewater 
treatment plants in conjunction with the O&M of the existing SBSA facility (currently known as SVCW) 
are permitted within RSB designated areas. 

SVCW, as a public agency JPA, is not subject to certain local land-use plans, policies and regulations 
(i.e., zoning and building codes, general plans, specific plans, and other planning and building laws), 
including those of its Member Agencies, under the doctrine of “intergovernmental immunity” which 
effectively means that a public agency implementing its basic mission and purpose does not need to 
obtain land use or other entitlements from other public agencies. Nevertheless, in the exercise of its 
discretion and in the interest of working cooperatively with local jurisdictions, the guidelines in the 
Redwood City General Plan will be considered with regards to the RLS above grade structure and 
landscaping. 

2.2.1 Current and future nearby development plans 
There are no known future development plans in the vicinity of the RLS. The surrounding area is built 
out with residential and commercial developments. 

2.3 Interproject Setting 
As shown in Figure 2-2, the MPPS is located at the southernmost point of the SVCW conveyance 
system. An existing 2.7-mile, 33-inch force main connects the MPPS to the RCPS. The force main 
that connects the two pump stations will remain during the proposed Conveyance System Project 
improvements. As part of the proposed Conveyance System Project improvements, MPPS will be 
rehabilitated and RCPS will become a new pump station.  
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Figure 2-2. SVCW existing conveyance system 

 

Between the RCPS and the existing SCPS, is a 2.5-mile, 48-inch force main pipeline. The southern 
portion of this force main, between the RCPS and the northern end of Inner Bair Island, was replaced 
in 2015 and will be incorporated into the proposed Conveyance System Project. The remaining 0.8 
miles of the existing 48-inch pipeline runs from Inner Bair Island to the SCPS. This remaining section 
of the 48-inch force main pipeline will be replaced by the gravity pipeline that will extend to and 
terminate at the Bair Island Inlet Structure (BIIS) on the very northern part of Inner Bair Island. RCPS 
will convey flows to the BIIS for conveyance to the SVCW WWTP via a new approximately 17,500 ft 
long large diameter gravity pipeline. The inside diameter of the gravity pipeline will be finalized during 
subsequent design.  

The RLS will be located in the receiving shaft at the end of the gravity pipeline. The purpose of the 
RLS is to lift wastewater at the downstream end of the gravity pipeline and convey it to the 
Headworks for preliminary treatment.  
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Section 3 

Compiled Data and Assumptions 
This section summarizes the data compiled as of January 2017 and assumptions for the RLS design, 
such as flow data, planning parameters and previous studies such as the contaminated and hazardous 
materials survey, geotechnical investigations, corrosivity investigations and noise regulations 
investigation.  

3.1 Flow Data 
The existing and future design flows as of January 25, 2017 are summarized in Table 3-1. The projected 
peak wet weather flow (PWWF) rates for each Member Agency are based on a single ten-year 24-hour 
storm event occurring over the entire service area with a coincident time of concentration for each 
Member Agency pump station and connection to the conveyance system. Table 3-1 also shows the 
design flow rates for the RLS based on the Member Agency flow rates. The gravity pipeline will be used 
for both diurnal storage and peak wet weather storage. With gravity pipeline storage, the daily flow 
pumped from the RLS into the treatment processes will range from 12 to 18 mgd (or even smaller, 
tighter range depending on storage and gravity pipeline operation requirements) and the PWWF rate 
from the RLS will be reduced from 102.9 to 75 mgd. 

 
Table 3-1. RLS design flow rates 

Pump Station 

Existing Future (2040) 

Min Flow 
(mgd)1 

ADWF 
(mgd)2 

ADWF 
(mgd)3 

PDWF 
(mgd)4 

PWWF 
(mgd)5,6 

MPPS 0.2 3.7 4.6 10.0 22 

RCPS 
RCPS w/ MPPS PWWF 

0.9 
N/A 

4.5 
N/A 

N/A 
8.0 

N/A 
14.51 

38 
60 

San Carlos 0.6 1.3 2.9 5.8 26.6 

Belmont 0.3 1.4 1.8 3.6 16.3 

Total 2.01 10.9 17.3 33.92 102.93 

RLS Design Flow 12 to 18 mgd with diurnal storage, wet well cleaning at 11 mgd and tunnel flushing at 20 mgd 75 

1. Minimum flow rates from the Member Agencies occurred on different days in October and do NOT equal the minimum flow rate at the 
WWTP. Flow rate to the WWTP from the RLS could be 0 mgd when the RLS is not operating.  

2. Minimum Flow and Average Dry Weather Flow (ADWF) are for October 2015 and are based on flow data provided by SVCW’s Supervisory 
Control and Data Acquisition (SCADA) output from each pump station. 

3. ADWF 2040 flow rates are from Table 5-9 of Technical Memorandum (TM) 1 for the Final Plant Capacity Study (Brown and Caldwell, May 
2013). 

4. peak dry weather flow (PDWF) 2040 are hourly flow rates and are from the Member Agency Master Plans and CSMP. 
5. Peak Wet Weather Flow (PWWF) is the worst case timing where the storm event peak flow reaches the entry point into the conveyance 

system at the same time. The Master Plans and CSMP show approximately a one-hour difference in the time of concentration within 
each Member Agency. 

6. Redwood Shores PWWF = 5 mgd but is not included in the table because the RLS will not be pumping it. Redwood Shores flows will be 
connected downstream of the RLS at the Flow Distribution Box.  
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The RLS pumps must also be able to meet two additional pumping conditions:  
1. Wet well cleaning cycle. The wet well will need to be periodically drawn down to the bottom of the 

wet well at a flow rate of approximately 11 mgd for three to five minutes to remove grit, debris and 
scum to be handled in the WWTP. 

2. Gravity pipeline flushing. The operational strategy of daily diurnal storage in the gravity pipeline will 
require frequent flushing of the gravity pipeline to prevent the buildup of grit, scum and debris. 
Based on the “Grit Migration Predictions When Using a Tunnel for Storing Wastewater” Technical 
Memorandum (TM) by Bob Donaldson (B. Donaldson, 2015; Appendix A), SVCW Project Manager, 
and “Headworks Facility Project – Grit Facility Design Criteria Update” TM by CDM Smith (CDM 
Smith, 2017; Appendix A); flushing will require that the velocity in the gravity pipeline be increased to 
at least 4 feet per second (ft/sec) throughout the gravity pipeline length and that the gravity pipeline 
be drained to remove the grit, scum, and debris. To achieve 4 ft/sec, a flow rate of 20 mgd for at 
least 25 minutes will need to be achieved. Pipeline flushing values and wet well cleaning cycles will 
need to be further developed during the preconstruction process of project delivery. 

3.2 Project Planning Period 
The planning period for the RLS is 50 years, which is typical for a municipal facility. For further 
information on the life cycle analysis completed for the RLS Project, see Section 6. 

3.3 Summary of Field Investigations 
The following section summarizes field investigations and surveys completed to support the RLS design. 

3.3.1 Hazardous materials survey 
A Phase I Environmental Site Assessment (ESA) was completed by Cornerstone Earth Group in May 2016 
as part of the Draft EIR. Hazardous conditions and materials are important to identify because it can 
affect the health of humans, plant and wildlife ecology present on or near the site. A 15,000-gallon 
underground storage tank (UST) used for fuel oil on the WWTP site was found during the ESA 
(Cornerstone Earth Group, May 2016). This tank is located south of the Solids Handling Building and is 
not in the FoP area. Because of this distance, releases from the UST do not appear to affect the soil 
conditions of the planned RLS site. Other than the UST, no other hazardous conditions were found. 

3.3.2 Geotechnical investigation 
Geotechnical investigations have been completed both for the gravity pipeline and the Headworks 
Facility. A Geotechnical Data Report (GDR) was completed in April 2016 by Geotechnical Consultants, 
Inc. (Geotechnical Consultants, Inc., 2016; Appendix B) for the gravity pipeline project. Four cone 
penetration tests (CPTs) were completed in the vicinity of the RLS. Three of the four CPTs were converted 
into groundwater observation wells for continued groundwater level monitoring. Moisture content, dry 
density, Atterberg limits, fines content, angle of internal friction, cohesion, unconfined compressive 
strength, and undrained shear strength tests were performed on all soil samples retrieved from the test 
borings to evaluate their physical characteristics and engineering properties.  

A Draft TM with preliminary foundation design parameters for the Headworks Facility was completed by 
DCM Consultants, Inc. in 2017 (DCM Consultants, Inc., 2017; Appendix B). The geotechnical 
investigation included 22 CPTs throughout the FoP area. Composition, consistency, average moisture 
content, average dry unit weight, average total unit weight, average buoyant (effective) unit weight, over 
consolidation ratio, compression index, Ko, Poisson’s ratio, undrained shear strength, Su/p’ ratio, 
increase in Su with depth, and Young’s modulus tests were performed on all soil samples retrieved from 
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the CPTs. Preliminary foundation recommendations provided in the DCM Consulting Inc., TM are 
discussed further in Section 5 as part of the considerations for final design. 

3.3.3 Corrosivity investigation 
A soil corrosivity evaluation was completed by V&A Consultant Engineers for the WWTP area (V&A 
Consultant Engineers, Inc., 2015; Appendix C). Soil samples were obtained and tested for soil resistivity, 
pH, and concentrations of water soluble chloride, sulfate, and bicarbonate ions. Results and 
recommendations from the corrosivity investigation are further discussed in Section 5. 

3.3.4 Noise and vibration survey and regulations 
A noise and vibration assessment was completed in November 2016 by Illingworth & Rodkin, Inc. as part 
of the Draft EIR. The following section summarizes the results of their survey.  

The Redwood City Noise Ordinance is contained in the Municipal Code Chapter 42 “NOISE REGULATION” 
and establishes allowable hours of construction and noise limitations. The following are deemed to be 
excessive and unreasonable noises:  
• Noise levels generated by construction activities, including demolition, alteration, repair or 

remodeling of or to existing structures and construction of new structures on property within the City, 
at more than 110 decibels (dB) measured at any point within a residential district of the City and 
outside of the plane of said property.  

• Noise levels generated by an individual item of machinery, equipment or device used during 
construction activities, including demolition, alteration, repair or remodeling of or to existing 
structures and construction of new structures on property within the City, at more than 110 dB 
measured within a residential district of the City at a distance of twenty-five feet (25 ft) from said 
machinery, equipment or device. If said machinery, equipment or device is housed within a structure 
on the property, then the measurement shall be made at a distance as near to twenty-five feet (25 
ft) from said machinery, equipment or device as possible.  

In a residential district or within 500 ft of a residential district in the City, noise restrictions are 
implemented between the hours of eight o'clock (8:00) p.m. and seven o'clock (7:00) a.m. the following 
day, Monday through Friday of any week or at any time on Saturdays, Sundays or holidays. Restrictions 
are placed if the noise level generated by any such activity exceeds the local ambient noise measured at 
any point within the residential district and outside of the plane the construction site. 

The Redwood City noise ordinance does not include noise limits that regulate noise from mechanical 
equipment. However, based on the ambient noise surveys conducted in 2012, 2013, 2014, and 2016, 
the calculated operational noise from the RLS will be at or below ambient noise levels. A 12-foot-tall 
sound wall and/or trees will be installed on portions of the WWTP property to further reduce ambient 
noise. 

The maximum worst case noise event for construction at the RLS is anticipated to be during the 
installation of piles. No night time work is anticipated for RLS construction, but some weekend work may 
be needed to complete installation of key components. 
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Section 4 

Project Specific Analyses 
This section discusses the alternatives analysis for the RLS, which included evaluation of the type of 
pump station, wet well configuration, number of wet wells and the number of shafts. The selection 
criteria are based on O&M consideration and construction cost. In addition, this section presents a siting 
evaluation for locating the RLS at the WWTP site and the hydraulic analysis completed as part of the 
pump selection. 

4.1 Alternatives Analysis 
A receiving shaft will be constructed at the FoP to receive the gravity pipeline’s TBM. The RLS design will 
need to account for the repurposing of the receiving shaft for use as part of the RLS configuration. Six 
different RLS configurations were evaluated that considered type of pump station, wet well configuration, 
number of wet wells, shaft configuration and the number of shafts. The configurations considered both 
submersible and wet well/dry well type pump stations. The following configurations were analyzed, which 
are shown in Figure 4-1 through Figure 4-5: 
1. Submersible Pump Station Configurations 

a. One circular shaft with dual wet wells and submersible pumps on the perimeter (Figure 4-1) 

b. Two circular shafts with submersible pumps on the perimeter of each wet well (Figure 4-2) 

c. Two circular shafts with a trench style wet well in each shaft (combination of Figure 4-2 and 
Figure 4-3) 

d. One circular shaft with dual trench wet wells (Figure 4-3) 
2. Wet Well/Dry Well Pump Station Configurations 

a. One circular shaft with dual wet wells and the pumps on the perimeter (Figure 4-4) 

b. One circular shaft with dual trench style wells (Figure 4-5) 

A dual trench-style wet well within one circular shaft (Configuration 1.d listed above, Figure 4-3) was 
selected. SVCW and BC visited similar sized pump stations of submersible and wet well/dry well types. 
SVCW preferred the submersible pump stations over the wet well/dry well types.  

In addition, trench-style wet wells are recommended instead of the pumps located at the perimeter. 
Trench-style wet wells minimize dead zones where re-ragging of solids is likely to occur, and also help 
minimize grease and solids build up on the walls and floor of the wet well. Wet well geometry and water 
levels should conform to Hydraulic Institute (HI) and American National Standards Institute (ANSI) 
Standards for Rotodynamic Pumps for Pump Intake Design (HI/ANSI 9.8). 
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Figure 4-1. Submersible pump station - one circular 

shaft with dual wet wells and submersible pumps on the perimeter 

 
Figure 4-2. Submersible pump station - two circular 

shafts with submersible pumps on the perimeter of each wet well 
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Figure 4-3. Submersible pump station - one circular shaft with dual trench wet wells 

 

 
Figure 4-4. Wet well/dry well pump station - one circular shaft with wet wells and pumps on perimeter 
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Figure 4-5. Wet well/dry well pump station - one circular shaft with dual trench wet wells 

 

4.2 Siting Evaluation 
The location of the RLS was selected based the alignment of the gravity pipeline and available space at 
the WWTP.  

4.3 Hydraulic Analysis 
By equalizing diurnal peak flows within the gravity pipeline, the range of daily flows (minimum hourly flow 
of 2.0 mgd to peak hourly dry weather flow rate of 33.9 mgd) can be controlled to 12 to 18 mgd or even 
a smaller, tighter range. This smaller range allows a single pump capacity (same size pumps) rather than 
multiple size pumps to meet the entire range of flows. At the PWWF rate of 75 mgd with gravity pipeline 
storage, five 15 mgd pumps with a sixth installed standby unit can be provided to meet the entire range 
of flow to 75 mgd as presented in Table 3-1. 

4.3.1 Pump selection 
Pump selection should be based on a range of operating conditions that the pump will frequently 
experience and not on a single, worst case point. The operating conditions for pump selection to meet 
the most frequent operating conditions and the peak flow requirements are defined as Points A, B, C, D 
and the cleaning and the gravity pipeline flushing cycle. A description of the operating points is provided 
below and shown in Figure 4-6.  
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Operating condition point A is defined as the pump’s rated condition. This condition is guaranteed by the 
pump manufacturer in accordance with the test standards of the ANSI/HI. Condition A is based upon 
conditions where all duty pumps are in operation at full speed to achieve the installation full design 
capacity at the worst case total head condition. 

Operating condition point B is defined as the run-out condition at full speed established by the 
intersection of the system and pump curves. Condition B must reside within the selected pump’s 
Preferred Operating Range (POR) so the pump operates under conditions that minimize vibration and 
cavitation damage. 

Operating condition point C is defined as an additional operating point and is used to describe sustained 
minimum speed operation for the high system curve. 

Operating condition point D is defined as an additional operating point and is used to describe 
sustained minimum speed operation for the low system curve. 

The Wet well cleaning and gravity pipeline flushing cycle is defined as the pump drawdown mode to 
remove debris and scum from the wet well surface and walls and the gravity pipeline. These flow rates 
are 11 and 20 mgd, respectively. Two pumps will need to be operating to perform the gravity pipeline 
flushing cycle. 

 

 
Figure 4-6. Operating condition points A, B, C, D and cleaning cycle for the 15 mgd pump 
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The system and pump curves in Figure 4-6 represent one 15 mgd pump. Only one pump is shown on the 
graph because each pump operates independently of the other pumps and has its own discharge pipe to 
the Headworks. To obtain the total RLS pumping capacity, the pumping rate is multiplied by the number 
of pumps operating. A summary of operating conditions for the selected 15 mgd pump are shown in 
Table 4-1. Pumping conditions will be refined as the design progresses and information on the gravity 
pipeline invert elevations and Headworks discharge conditions are finalized. 

 
Table 4-1. Summary of operating conditions for pumps at main RLS shaft 

Condition Point 
Flow per Pump 

(mgd) 
Total Head  

(ft) 

A 15 81 

B 18.2 69 

C 9.3 78 

D 8.6 65 

Wet Well Cleaning Cycle 11 95 

Tunnel Cleaning Cycle (requires two pumps) 20 78 

 

With the selected pump, a pumping rate gap analysis was completed to evaluate variable speed 
operation versus constant speed operation. Variable speed operation would be achieved by using pumps 
controlled by VFDs. The analysis evaluated different combinations of the number of variable speed and 
constant speed pumps compared to the flow range to determine gaps in flow. The pumping rate gap 
analysis is presented in Figure 4-7 depicting five scenarios. A blue color represents a variable speed 
pump in operation, a red color represents a constant speed pump in operation and white represents a 
gap in the flow rate. The minimum pumping rate for the selected pump based on the pump and system 
curves shown in Figure 4-6 is between 8.6 and 9.3 mgd (Points C and D). 
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1 All scenarios contain six 15 mgd pumps, which includes one as a standby pump. 
2 The wet well will need to operate in fill-draw mode when flows are less than approximately 8 mgd. 

Figure 4-7. Pumping rate gap analysis  
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The following is a description of the scenarios presented in Figure 4-7. 

4.3.1.1 Scenario 1 

All pumps have a VFD. One pump is a standby. This scenario does not have any pumping gaps 
between 8 to 75 mgd. Scenario 1 is the most expensive pumping combination compared to 
Scenarios 2 through 5 because VFDs have a higher capital cost than constant speed pumps. 
However, Scenario 1 provides the most flexibility because all pumps can operate in a variable speed 
mode. This also makes the control strategy the least complicated because pumps can operate at the 
same speed and not with a combination of variable and constant speed pumps. 

4.3.1.2 Scenario 2 

Scenario 2 has a combination of four pumps with VFDs and one constant speed pump with one 
constant speed pump as an installed standby unit. This scenario also does not have any pumping 
gaps between 8 and 75 mgd. However, a combination of VFD and constant speed pumps are 
required for flow conditions between 61 to 75 mgd if all VFD operated pumps are in service.  

This scenario will be less costly compared to Scenario 1 because two less VFDs are required when 
the standby unit is included, but this scenario has less flexibility at higher flow rates when one VFD 
pump is not in service. This scenario will have a slightly more complicated control strategy than 
Scenario 1 with the combination of VFD and constant speed pumps operating together.  

4.3.1.3 Scenario 3 

Scenario 3 is similar to Scenario 2 in that four pumps have VFDs and two pumps are constant speed 
but this scenario assumes that one of the variable speed pumps is not in operation instead of one of 
the constant speed pumps. This scenario also has no pumping gaps; however, as indicated by Figure 
4-7, a combination of VFD and constant speed pumps are required for flow rates between 45 and 75 
mgd.  

This scenario has a lower capital cost compared to Scenario 1 because of the reduced number of 
VFDs but has a more complicated control strategy than Scenarios 1 and 2. The control strategy is 
more complicated because of a combination of the VFD and constant speed pump operation. The 
control strategy becomes more complicated at 45 mgd when a combination of VFD and constant 
speed pumps are needed to achieve flow rates above 45 mgd.  

4.3.1.4 Scenario 4 

Scenario 4 has a combination of two pumps with VFDs and three constant speed pumps. One 
constant speed pump is a standby. This scenario has no pumping gaps between 8 and 75 mgd but a 
combination of VFD and constant speed pumps are required for flow rates between 31 and 75 mgd.  

This scenario has a lower capital cost compared to Scenario 1 through 3 because of the reduced 
number of VFDs but has a more complicated control strategy than Scenarios 1 through 3 because of 
the greater amount of time operating with both variable and constant speed pumps.  

4.3.1.5 Scenario 5 

Scenario 5 is similar to Scenario 4 in that two pumps have VFDs and four pumps are constant speed 
but this scenario assumes that one of the variable speed pumps is a standby. With the limited 
number of variable speed pumps, there are four gaps in the range of flow as indicated by the white 
space in Figure 4-7. Like Scenario 4, this scenario has a lower cost compared to Scenarios 1 through 
3.  
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4.3.1.6 Recommendation 

Scenario 1 (all VFDs) or Scenario 2/3 (combination of four VFD pumps and two constant speed 
pumps) are recommended. These scenarios cover the flow range to 75 mgd without any pumping 
gaps, have less complicated pumping control strategies compared to Scenario 4/5 and provide 
greater flexibility. Scenario 2/3 with two less VFDs has the advantage of less cost but still provides 
the flexibility to pump up to 45 mgd, which is a high percentage of the pump operation, with variable 
speed pumps. For Scenarios 2/3, flow rates above 45 mgd will require a more complex control 
strategy with the combination of constant speed and variable speed pumps. The recommended 
configurations will need to be evaluated further during detailed design as the operation of the gravity 
pipeline and RLS are further refined.  
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Section 5 

Selected Project Description 
This section provides an overview of the RLS Project and describes the pump station design 
elements of the recommended RLS Project alternative. Criteria and guidelines for updating these 
elements during detailed, final design are summarized below. Detailed design criteria are further 
discussed in TM 9.1 – Design Criteria, Guidelines, and Standards (Administrative Draft), hereinafter 
referred to as TM 9.1, included as Appendix D.  

5.1 Project Overview 
The RLS will lift wastewater at the downstream end of the gravity tunnel and convey it to the 
Headworks for preliminary treatment. The RLS will consist of a flow splitter section and two trench-
style wet wells that would each contain three submersible pumps. Each pump would have its own 
discharge piping and flow meter discharging into the Flow Distribution Box, which leads to the new 
Headworks.  

Table 5-1 summarizes the major equipment included in the proposed RLS. The equipment list and 
sizes are subject to change as the design is refined. 

 
Table 5-1. RLS major equipment 

Description Facility Needs/Quantity 

Wet Wells  

Submersible Pumps (350 HP) 6 

Dewatering Pumps (5 HP) 2 

Pipe Gallery  

Magnetic Flow Meters (24-inch diameter) 6 

Odor Control  

Supply Fans (Size: TBD) 2 

Exhaust Fans (5 HP) 2 

TBD = to be determined. 

 

5.2 Site Layout 
Figure 5-1 presents a site layout with the site access road, and the locations of proposed 
improvements at the FoP area, including the location of the RLS. Orientation of RLS and alignment of 
RLS to the straight run of influent gravity pipeline was carefully configured to optimize hydraulic 
performance of the RLS. The proposed RLS will consist of the following major components: 
• Connection to the gravity pipeline, including use of the TBM retrieval shaft as the Flow Splitter 

Shaft. 
• Two trench-style wet wells with submersible pumps 
• Pipe gallery for pump discharge piping, odor control ducts, flow meters and flush water piping. 
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• Flushing lines located at the sluice gates and stop logs and at each pump intake 
• Flow Distribution Box at the pump discharge to feed into the Headworks 
• Odor control systems located in the Headworks Facility 
• Electrical facilities located in the Headworks Facility 

 

 
Figure 5-1: Front-of-plant site layout 

(Source: Draft EIR, SVCW, 2016) 
Note: The Flow Distribution Structure (FD Structure in figure above),  

Aeration Basins, and New Clarifiers may not be constructed as part of the proposed Conveyance System Project. 

 

5.3 Pump Station Design Criteria 
The following sections describe the design criteria for the major components of the RLS. 

5.3.1 Connection to the gravity pipeline 
The inlet to the RLS will be constructed within the receiving shaft of the gravity pipeline’s TBM; a 
larger shaft housing the trench-style wet wells will be constructed adjacent to the receiving shaft. The 
two shafts and the major components are shown in Figure 5-2 and Figure 5-3. 
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Figure 5-2. Overall RLS layout – plan view 

 
Figure 5-3. Overall RLS layout – side view 
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Figure 5-4 provides a detailed plan view of the connection of the gravity pipeline and the influent 
flow splitter section that will be located within the Flow Splitter Shaft.  

 

 
Figure 5-4. Flow Splitter Shaft – plan view 

 

The gravity pipeline will enter through the TBM retrieval shaft wall and transition into a rectangular 
section before splitting into two influent channels that lead into each wet well. The influent channels 
are separated by a divider wall that will extend partially up the shaft. Sluice gates at the start of each 
influent channel will provide isolation of each wet well with a second mechanism of isolation 
achieved using stop logs. Exhaust air ducting will collect air from the gravity pipeline (TBM retrieval 
shaft) and Flow Splitter Shaft for conveyance and treatment by the Headworks Facility’s odor control 
system.  

5.3.2 Wet well design and pump selection 
The main RLS shaft will consist of two rectangular trench-style wet wells that will each have 
submersible pumps, pump removal system, and discharge piping (see Figure 5-5 and Figure 5-6).  
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Figure 5-5. RLS wet well concept – plan view 

 

 
Figure 5-6. RLS wet well concept – section view 
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These wet well design and pump selection components are described below. 

5.3.2.1 Approach channel design 

The flow will be conveyed in the gravity pipeline to the wet wells by approach channels. The flow will 
be divided into two distinct approach channels, one for each wet well, in the Flow Splitter Shaft. Each 
channel will contain a slide gate to isolate a wet well from the other wet well. Guides for stop logs 
may also be provided in each channel to provide a second method of isolation.  

The velocity in the approach channel, upstream from the wet well, will be no greater than 4.0 ft/s at 
PWWF. The approach channel upstream from the trench will be straight and free of fittings or devices 
that could disrupt the flow uniformity entering the trench for a distance equal to a minimum of five 
times the approach pipe diameter. Since the Flow Splitter Shaft does not completely meet ANSI/HI 
standards, BC recommends physically modeling the gravity pipeline Flow Splitter Shaft, and wet well 
to identify improvements to make the configuration ANSI/HI compliant.  

5.3.2.2 Wet well design 

The RLS will consist of two trench-style wet wells that will incorporate features to optimize the 
scouring velocities within the wet well during cleaning operations and to minimize pump problems 
resulting from flow currents. The wet well design will follow the HI/ANSI 9.8 standard with some 
modifications. Each wet well will contain three pumps for both dry and wet weather conditions.  

TM 9.1 includes guidelines for the following wet well-related elements: 
• Pump inlet bell. A suction nozzle, fitted with a flared bell inlet, will be installed on each pump. 

The suction nozzle will be sized for a suction velocity of 4 ft/sec (no less than 3 ft/sec and no 
more than 5 ft/sec). The nozzle length must exceed the difference between the inlet and outlet 
diameter of the nozzle. The pump inlet bell diameter will be sized to meet the criteria stated 
above. 

• Wet well cross section. The wet well cross section dimensions are a function of the pump inlet 
bell diameter and the width of the incoming approach channel. The wet well cross section 
consists of a rectangular trench with a trapezoidal section above the trench that transitions to a 
rectangular section above that. 

• Design ramp for cleaning. An ogee ramp (Figure 5-6) is required to gather speed down the ramp 
to cause a hydraulic jump during cleaning cycles. The hydraulic jump occurs at the base of the 
ramp that moves along the trench floor to the last pump. The purpose of inducing a hydraulic 
jump is to scour the trench floor and mobilize solids for suction by the last pump. The ogee ramp 
will consist of an upper curve and a lower curve connected by a 45-degree tangent. 

• Pump spacing. Pump intakes will be spaced a minimum of 2.5 times the pump inlet diameter 
(D) from pump centerline to centerline. The first pump will be spaced a minimum of 0.5D from 
the end of the ogee ramp to the first pump centerline.  

• Inlet floor clearance. The pump inlet floor clearance will be a minimum of 0.5D, unless otherwise 
specified. A minimum of three inches of clearance between the pump inlet and the flow splitter 
is required to allow solids to enter the inlet. Therefore, the pump inlet from the floor may be 
raised slightly to meet the three inches of clearance. 

• Flow splitters. A flow splitter will be installed on the floor of the wet well at the centerline of the 
trench. Flow splitters help control vortices within the wet well and retain the hydraulic energy 
from the ramp to produce a swift flow of water along the floor during cleaning.  

• Fillets. Fillets will be installed along the sides of the trench floor the entire length of the wet well 
trench to eliminate sidewall vortices. The fillets will extend from the top of the ogee ramp to 
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provide a good flow pattern down the ramp to the end wall. Fillets will have a 45-degree slope 
with a height of 0.38D.  

• Last pump. The last pump will be used for cleaning and will be located in a recessed pocket 
lower than the main floor of the wet well. The pocket will help collect debris scoured during the 
cleaning process for conveyance into the last pump. 

• Anti-rotation baffle and floor cone at last pump. An anti-rotation baffle will be placed between 
the last pump and the back wall to prevent circulation of liquid between the pump and the pump 
wall. A floor cone will also be placed under the last pump to aid flow movement.  

• Cleaning. Cleaning will be conducted between flow rates of 1/3 to 2/3 of the capacity of the last 
pump. These flow rates can be achieved during PDWF, by temporarily closing the wet well 
influent gate to build up sufficient flow, or backing flow up in the gravity pipeline. At these flow 
rates, the wastewater will move down the ramp at supercritical velocity and form a hydraulic 
jump at the base of the ramp. The hydraulic jump re-suspends settled solids and conveys solids 
to the last pump. Additionally, during cleaning, the water level is drawn down and scum build up 
is incorporated into the flow and out of the wet well and removed by the last pump. 

• Flushing water. Flushing water will be provided at the intake of each pump and at the sluice gate 
and stop log locations. The source of the flushing water will be grit dewatering water from the 
Headworks Facility. The purpose of the flushing water is to re-suspend dirt, grit, and debris that 
may accumulate around the pump intakes, gates and stop log guides.  

• Level control. Flow control and sequenced pump starts and stops will be accomplished based 
upon the water surface level in the pump station lead wet well. VFDs will vary the speed on 
select pumps to maintain the normal depth level of the approach pipe. The number of VFDs 
required will need to be finalized in detailed design.  

5.3.2.3 Pump selection 

Pumps will be selected according to the requirements described in Section 4 and TM 9.1, included 
as Appendix D. Several pump combination alternatives were reviewed, though a final selection for 
the pumping configuration for the RLS has not yet been made. The operating conditions that the 
pumps will be required to meet are discussed in Section 4. Pumping conditions will be refined as the 
design progresses and information on the gravity pipeline invert elevations and Headworks discharge 
conditions are finalized.  

5.3.2.4 Pipe gallery and flow distribution box 

Each of the RLS pumps will have its own discharge piping that will discharge into the Flow 
Distribution Box (Figure 5-5 and Figure 5-7) to allow flexibility in operation and various options for 
conveyance during emergency situations. Each wet well will have three discharge pipes that exit the 
RLS. The discharge piping will be located within a pipe gallery structure below ground on each side of 
the RLS. The width and height of each pipe gallery will be approximately 12 feet wide by 16 feet deep 
and supported by a pile foundation. 
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Figure 5-7. Flow distribution box 

 

The Flow Distribution Box will collect flows from the RLS, Redwood Shores collection system and grit 
dewatering water that will be conveyed into the Headworks Facility. The configuration of the Flow 
Distribution Box will be determined during final design. An ogee ramp within the Flow Distribution 
Box is suggested to minimize dead zones and better transition flows into the Headworks Facility. 
Discharge piping will be set to an elevation six inches above the maximum water surface elevation 
(WSEL) of the Headworks Facility. Duckbill check valves (not pictured in Figure 5-7) are suggested at 
the exit of the discharge piping to prevent backflow from the Flow Distribution Box. At the time this 
report was written, the maximum WSEL of the Headworks Facility was 118.0 ft.  

Air vent elbows on each pump discharge will be located at each pump’s discharge pipe to allow the 
pipes to expel excess air that may be trapped within the pipes between pump use. Past experience 
shows that these air vents tend to expel some wastewater; therefore, the vents are located within 
the Flow Distribution Structure where it can be captured and treated.  

5.3.3 Effluent flow metering 
Effluent leaving the RLS will be measured by individual flow meters located on each of the discharge 
pipes from the RLS. The meters will be located in the pipe gallery. The flow meters will consist of 
magnetic meters with integral converter/indicating transmitter.  

5.3.4 Gas detection system 
A gas detection system will be located within the wet wells to detect explosive and/or hazardous 
conditions. The gas detection system consists of field mounted sensing elements and monitoring 
assemblies to detect the lower explosive limit (LEL) of combustible gases or vapors, low and high 
oxygen levels, and high hydrogen sulfide (H2S) levels. The gas detection system alarms and alerts 
staff when the LEL, oxygen, or H2S are outside of accepted ranges and may cause hazardous 
conditions. Alarms will be sent to SCADA. Audible and visual alarms will also be mounted outside of 
the building to alert staff of the hazardous conditions prior to entering the structures. However, these 
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gas detection systems are not intended to replace personal protective equipment used as part of 
permitted confined space entry activities. 

5.3.5 Odor control system 
Odors expected in the air will be conveyed through the headspace of the gravity pipeline and 
combined with the RLS wet well air spaces. SVCW plans to continue injecting calcium nitrate or a 
similar odor control oxidant into the sewage upstream at each pump station to help control 
downstream odors. In the future, SVCW may explore other upstream alternatives for odor control, 
such as oxygen injection, that will have fewer delivery trucks (onsite oxygen production taken from 
air). Foul air (FA) reaching the RLS will be conveyed to the Odor Control Facilities located adjacent to 
the Headworks Facility. Odor control for the RLS will treat two distinct areas: air conveyed through 
the headspace of the tunnel and air within the wet wells. Air from the tunnel will be drawn from the 
front area of the RLS within the Flow Splitter Shaft using exhaust fans at a peak rate of 
approximately 3,900 cubic feet per minute (CFM) and conveyed to the Odor Control Facilities. The 
wet well odor handling system will require both supply and exhaust fans to ventilate the wet well air 
space within the larger RLS shaft. An air flow rate of approximately 7,400 CFM for four ventilation 
changes per hour will be supplied and ventilated from the space.  

5.3.6 Standby generator 
Standby power for the RLS is currently proposed to be supplied by existing standby generators at the 
WWTP. This may be revised based on the new SVCW electrical infrastructure plan during preliminary 
design. 

5.3.7 Surge control system 
Surge protection measures at the RLS will consist of air vents on the discharge side of the 
submersible pumps to allow air in the riser to vent and water to drain back into the wet well.  

5.3.8 Composite sampling 
Composite sampling for the RLS will be coordinated with the design of the Headworks Facility. 

5.4 Energy/Electrical 
The electrical service for the RLS will be designed in conjunction with the electrical service for the 
proposed Headworks Facility. A new electrical service will be required, and will be part of the design 
of the Headworks Facility. Approximately 1,532,100 kilowatt hours (kWh) is the projected annual 
energy consumption of the RLS. Electrical demands for the current selected pump sizes and 
configuration is 2,300 horsepower (HP) based on total connected HP. This is based on a six pump 
configuration. Each pump will have a 15 mgd capacity (385 HP). Final pump selection will be made 
during detailed design. 

Pump cabinets, containing pump local control panels and electrical junction boxes, (Figure 5-2) will 
be located on the outer perimeter of the main RLS shaft. The RLS electrical facilities will require 
motor control centers, switchgear and VFDs, a remote terminal unit, and instrumentation systems. 
All electrical equipment will be located in the electrical room within the Headworks Facility with 
connection vaults/manholes located approximately 5 ft outside of the Headworks Facility (Figure 
5-5). 
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For design of the RLS, where possible, energy efficient equipment will be incorporated, including: 
• VFDs 
• Light emitting diode (LED) light fixtures 
• Premium efficient pump motors 

Additional energy efficient measures for operations and construction will be explored further during 
subsequent design. 

5.5 Additional Design Considerations 
The following site considerations will be included in the final design and construction of RLS.  

5.5.1 Civil 
New facilities to be constructed for the RLS include pumps, piping, wet wells, and new building 
structures. The civil site improvements at the RLS will be coordinated with all other work planned for 
the overall FoP, and will include the following objectives:  
1. Provide vehicle and pedestrian access to new and upgraded facilities and structures 
2. Provide site grading to minimize earthwork and achieve positive drainage of storm water runoff 

away from the RLS facilities 
3. Provide a secure site with two entrance/exit points 
4. Pavement/ground improvements: 

a. Pavement should be installed around the RLS for site access. Ground improvements within 
the RLS area will be required to support heavy equipment during construction and operation 
of the RLS. 

b. The asphalt pavement section at the RLS should consist of a minimum of three inches of 
asphaltic concrete over twelve inches of Class 2 aggregate base rock. The pavement 
subgrade soil must be scarified to a depth of eight inches, moisture conditioned to near 
optimum moisture content and compacted to a minimum of 95 percent relative compaction 
per ASTM D1557. Use of lime treated base may be needed where soft soils are present in 
paved areas. 

5. As part of the civil design, the following should also be provided: 
a. Utility coordination 
b. Survey control 
c. Site grading 

5.5.2 Geotechnical 
Geotechnical information and design criteria are currently being developed for the RLS Project. The 
structural design will incorporate the design considerations and geotechnical data presented in the 
following reports and TMs: 
• “Draft Technical Memorandum, SVCW Headworks Facility at Front of Plant Preliminary 

Foundation Design Parameters,” January 2017 (Appendix B) 
• “New Administration and Plant Control Building Project.” July 2009, prepared by DCM 

Consulting, Inc. (Appendix B) 
• “Preliminary Characterization of Subsurface Conditions, SVCW Clean Water Tunnel – Alignment 

4BE, Redwood City, California,” December 2015, prepared by Geotechnical Consultants, Inc. 
(Appendix B) 
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• “Preliminary Pile Foundation Design Criteria, Peak Flow Diversion Structure,” January 2016, 
prepared by DCM Consulting, Inc. (Appendix B) 

• “Presentation of Site Investigation Results SVCW Front of Plant Improvements,” January 2016, 
prepared by DCM Consulting, Inc. (Appendix B) 

• “Soil Corrosivity Evaluation SVCW.” December 2015, prepared by V&A Consulting Engineers. 
(Appendix C) 

The following geotechnical information will be incorporated into the final design. 

5.5.2.1 Existing conditions 

The CPTs completed in the vicinity of the RLS encountered 45 to 55 feet of YBM, which consists of 
fat clay and elastic silt. YBM is characterized by extremely high water content, low dry density, low 
shear strength, and high compressibility. The YBM is underlain by much stiffer (and older) alluvium 
referred to as Old Bay Clay, characterized by lower water content, higher dry density, higher shear 
strength and lower compressibility. 

5.5.2.2 Excavations  

Both the RLS flow splitter/receiving shaft and the main RLS shaft will be approximately 93 feet below 
the ground surface, depending on the construction method. The RLS flow splitter/receiving shaft will 
also serve as the retrieval shaft for the TBM. Shaft excavation and development will be designed by 
the gravity pipeline design team.  

Additional excavations required for the RLS include those required for the pipe gallery and 
connection to the Headworks Facility. These excavations will be shallow in comparison to the shaft 
excavation, and will require vertical shoring. All RLS Project excavations can be completed by 
appropriately sized conventional excavation equipment. For purposes of shoring design, groundwater 
should be assumed to be at the ground surface. All RLS Project excavations associated with the pipe 
gallery and connections to the Headworks Facility must be fully shored and supported with 
“watertight” shoring such as internally braced interlocking sheet piles. Any gaps in shoring, such as 
at pipeline penetrations, must be fully sealed to maintain excavation “water tightness.” Jet grouting 
is the potential method for sealing shoring gaps. With a “watertight” shoring system, external 
dewatering should not be required. External dewatering is not advisable as it can cause subsidence 
of soft ground and settlement of nearby pipelines, utilities, and structures. Internal dewatering can 
be kept to a minimum by establishing adequate toe embedment of sheet piles to form a cutoff to 
groundwater inflows. The minimum toe embedment for sheet piles in the project soil and 
groundwater conditions is 15 feet below the base excavation. 

5.5.2.3 Pipelines 

All fluid piping required for the RLS is expected to be in the pipe gallery connecting the RLS to the 
Headworks Facility. The pipe gallery should be supported on a pile foundation as recommended by 
the geotechnical data in Section 5.5.2. 

5.5.3 Corrosion mitigation 
Interior corrosion control for the RLS will be provided in the Flow Splitter Shaft, Main RLS Shaft, 
Piping Gallery, and underground utilities. The gravity pipeline will also have corrosion protection but 
gravity pipeline corrosion protection is not part of the RLS and will be determined by the gravity 
pipeline design team.  

Corrosion control will be provided with lining of concrete, materials selection such as Type 316 
stainless steel, coating of equipment and piping, and ventilation of the Flow Splitter Shaft and Main 
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RLS Shaft. Corrosion for underground utilities will be developed as more site specific geotechnical 
information becomes available.  

The Flow Splitter Shaft and Main RLS Shaft concrete will be plastic HDPE or polyvinyl chloride (PVC) 
lined including the walls from the top of the structures to the bottom of the wet well. The underside 
of the top slab will also have plastic lining and the hatches will be of corrosion resistant material 
such as type 316 stainless steel or aluminum.  

The ventilation system will have powered supply and exhaust fans for the wet well and Piping Gallery. 
The Flow Splitter Shaft area will only have exhaust fans because it will also control the air movement 
exhausting from the gravity pipeline. The exhaust FA from the Flow Splitter Shaft and Main RLS Shaft 
will be treated by the odor control system provided as part of the Headworks Facility. Final corrosion 
control methods will be coordinated with the gravity pipeline and Headworks design teams as the 
RLS Project proceeds into design. 

Per the latest soils corrosion study completed by V&A Consultant Engineers (V&A Consultant 
Engineers, 2015), the soils at the FoP are highly corrosive. Any civil site designs and modifications 
(e.g., addition of lime for stabilization) will need to consider its effect on RLS utilities and any 
potential for increases in soil corrosivity.  

The following exterior corrosion protection measures are recommended for buried reinforced 
concrete piping and structures: 
• Structures should be made of durable concrete such as described in American Concrete Institute 

(ACI) Standards 201.2R and 222R 
• The water/cement ratio should not exceed 0.45 
• The concrete cover applied over all steel reinforcement should be a minimum of two inches thick 
• A bonded coating should be applied on top of the concrete cover to provide a barrier to corrosive 

soil 
• Type V modified cement should be used 
• Sand and water used in concrete mixtures should contain a maximum of 100 parts per million 

(ppm) of water-soluble chloride ions and water-soluble sulfate ions and have a pH in the range of 
6.5 to 8.0. Water used in concrete mixtures should be potable water. 

The following exterior corrosion protection measures are recommended for Buried PVC or HDPE pipe 
with metallic fittings: 
• Wrap metallic fittings with petrolatum wax tape per American Water Works Association (AWWA) 

C217-04 and the manufacturer’s instructions. Using polyethylene encasement on the fittings is 
not as effective as using wax tape. 

• Install galvanic anodes to provide cathodic protection to every metallic fitting or appurtenance 

5.5.4 Safety issues and site security 
O&M staff shall follow all safety protocols and procedures established by SVCW’s safety program. 
The designer and SVCW shall identify any safety issues at the new RLS that are not currently covered 
under the current safety protocol.  

The following level of safety and security features will be incorporated into the RLS: 
• Access hatches leading to the Pipe Gallery, for pump removal above the wet well, and above the 

Flow Splitter Shaft will be locked with padlocks to prevent entrance by unauthorized personnel. 
• Electrical junction boxes for the pumps located on top of the wet wells will be locked to prevent 

entrance by unauthorized personnel. 
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• Lighting will be provided with a particular focus on camera monitored areas. Lights and cameras 
will be installed in locations with consideration for ease of maintenance but in a location inside 
the fence to avoid potential vandalism of the cameras and lights. 

• An emergency call button will be located at the RLS and on local Programmable Logic Controllers 
(PLCs) and connected to SCADA. 

Additionally, the plant perimeter fence will be extended to include the FoP area, which includes the 
RLS. 

5.5.5 Property acquisition needs 
No property acquisition is required for the new RLS. The new pump station will be constructed on the 
existing WWTP property. 

5.5.6 Operational plan 
With diurnal gravity pipeline storage, the range of daily flow rates (minimum hourly flow of 2.0 mgd to 
peak hourly dry weather flow rate of 33.9 mgd) can be controlled to 12 to 18 mgd or even a smaller, 
tighter range. This smaller range allows a single pump capacity (same sized pumps) rather than 
multiple size pumps to meet the entire range of flows.  

There are four operational criteria that the RLS will be required to meet: the most frequent operating 
conditions, peak flow conditions, cleaning, and a tunnel flushing cycle, as described in Section 4.  

5.5.7 Permits required for project implementation (federal, state, regional, local) 
The following permits and approvals are anticipated to be required for construction of the 
improvements to the RLS. The following list is not inclusive of all permits that will be required: 
• San Francisco Bay Conservation and Development Commission – Permit for work at WWTP 
• Pacific Gas and Electric Company (PG&E) – Utility Relocation Agreement, Easement 
• City of Redwood City – Street Excavation and Encroachment Permit, Permanent and Temporary 

Easements 
• Bay Area Air Quality Management District – Authority to Construct 

5.5.8 Structural and architectural 
Load types as appropriate to the RLS Project are listed below. Loads will be based on the most 
stringent criteria of the building codes, and industry standards. In all cases, the minimum criterion 
will conform to the California Building Code (CBC). The following load types will be considered during 
design: 
• Dead Loads 
• Collateral Loads 
• Live Loads and Associated Deflection Criteria 
• Seismic Loads 
• Wind Loads 
• Rain Loads 
• Impact Loads 
• Vibratory Loads 
• Handrail 
• Heavy Equipment Loads 
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• Differential Settlement Loads 
• Liquid Loads 
• Earth Load 

The architectural design features for the RLS will be minimal since most of the structure is below 
grade. The only portion of the RLS structure currently above grade is the RLS Shaft where the pump 
electrical cabinets are located. The upper elevation of the Flow Splitter Shaft shall be evaluated in 
subsequent design. To the extent practical, the architectural design will match the new Headworks 
facilities. 

5.5.9 Lighting 
Following construction, there will be no lighting on the staging areas which are located north of the 
10-acre ornamental pond. Lighting will not be significantly different than the existing lighting at the 
WWTP. Lighting consistent with the RSB Specific Plan Objective 6.2.1 will be used for parking and 
driveways/drive aisles and security lighting. The lighting will consist of LED lighting and will vary 
between 0.5 to 2.0 foot-candles.  

5.5.10 Instrumentation and controls/SCADA 
All instrumentation and controls equipment will match SVCW’s Automation Standards. The RLS will 
be remotely monitored and controlled from the SCADA Human Machine Interface (HMI) work station 
at the WWTP.  

Redundancy will be provided for some critical instrumentation (i.e., dual wet well level control). 
Additional requirements for redundant instruments are included in SVCW’s “Level Instrumentation 
Configuration for Pump Station Wet Wells” document. 

The requirements for interfacing packaged equipment to the pump station control system including 
implementation of PLCs and the SCADA HMI monitoring and control requirements will need to be 
evaluated during final design.  

Automation strategies will be further developed in subsequent design. The automation strategies 
describe the operation of the major processes at the RLS including pump control, flow metering, odor 
control and standby power supply. The automation strategies will be described in control narratives 
and are shown graphically on the process and instrumentation diagrams (P&IDs), which are included 
in Appendix E. The P&IDs will be further refined upon development of the automation strategies as 
the RLS and gravity pipeline design is progressed.  

SVCW’s automation standards are currently being revised; therefore, the final designs shall 
incorporate the new automation standards.  

5.5.11 Interim operations, bypass requirements 
Conveyance system improvements will be implemented over several years as discussed. Sequencing 
and interproject coordination are further discussed in Section 5.6 

5.5.12 Stakeholders 
Close coordination with the City of Redwood City will be required to mitigate impacts of planned 
developments, construction and zoning changes. Coordination will also be required for architectural, 
storm water and road improvements. 
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5.5.13  Environmental impacts and mitigations  
Environmental impacts and mitigation measures were identified by the EIR (SVCW, 2016). A list of 
the major significant impacts related to the RLS and a summary of the proposed mitigation 
measures extracted from the Draft EIR are presented in Table 5-2. For the sake of completeness, the 
entire text has been copied for each relevant impact and mitigation measure, although some of the 
description may not be specifically relevant to the RLS Project. 

 
Table 5-2. RLS environmental impacts and mitigations 

Impact Mitigation Measures 

AIR-1: The proposed Project 
construction emissions would 
exceed the average daily threshold 
of 54 pounds per day for NOx for 
calendar year 2018 which is a 
significant impact. 

The construction contractor shall implement the following measures at the Project sites:  
• Ensure that all construction equipment (including generators) larger than 25 horsepower (HP) and 

used at the Project site for more than two work days meet, at a minimum, U.S. EPA Tier 2 engine 
emission standards; 

• Ensure that all stationary equipment larger than 25 HP (e.g., generators and hydraulic power packs) 
meet California Air Resources Board’s (CARB’s) most recent certification standard for off-road heavy 
duty diesel engines;  

• Portable diesel-powered equipment (including generators) larger than 25 HP and used at the project 
site for more than two work days meet, at a minimum, U.S. EPA Tier 3 engine emission standards for 
NOx;  

• Portable diesel-powered equipment used at the Redwood City Pump Station construction sites for 
more than two days shall include diesel particulate matter control devices in the form of CARB 
currently Verified Diesel Emission Control Strategies (VDECS); 

•  All exposed surfaces shall be watered two times per day, or as necessary to control dust;  
• All haul trucks transporting soil, sand, or other loose material off-site shall be covered;  
• All visible mud or dirt tracked-out onto adjacent public roads shall be removed using wet power 

vacuum street sweepers at least once per day. The use of dry power sweeping shall be prohibited;  
• All vehicle speeds on unpaved roads shall be limited to 15 miles per hour;  
• All paving shall be completed as soon as possible after pipeline replacement work is finished;  
• Idling times shall be minimized either by shutting equipment off when not in use or reducing the 

maximum idling time to five (5) minutes (as required by the California airborne toxics control 
measure Title 13, Section 2485 of California Code of Regulations (CCR)). Clear signage shall be 
provided for construction workers at all access points;  

• All construction equipment shall be maintained and properly tuned in accordance with the 
manufacturer’s specifications. All equipment shall be checked by a certified mechanic and 
determined to be running in proper condition prior to operation; and  

• Post a publicly visible sign with the telephone number and person to contact regarding dust 
complaints. This person shall respond and take corrective action within 48 hours. The BAAQMD’s 
phone number shall also be visible to ensure compliance with applicable regulations. 

Impact BIO-5: The proposed 
Project’s construction activities at 
the WWTP Improvements Project 
footprint immediately adjacent to 
marsh vegetation could result in 
direct mortality and/or harassment 
of Federal and State Endangered 
Salt Marsh Harvest Mouse (SMHM) 
individuals and special-status Salt 
Marsh Wandering Shrew (SMWS) 
from individuals wandering into the 
construction area from adjacent 
suitable habitat, which would be 
considered a significant impact. 

MM BIO-1.1 (Applicable to Impact BIO-05): Prior to ground disturbing activities adjacent to potential 
SMHM and SMWS habitat, exclusion barriers and/or fencing shall be installed to exclude individuals of 
these species from areas of active construction. The design of the exclusion barriers and fencing will be 
approved by a qualified biologist and shall be installed in the presence of a qualified biological monitor. 
The fence will be made of a material that does not allow SMHM or SMWS to pass through, and the 
bottom will be buried to a depth of a minimum of four (4) inches so that these species cannot crawl 
under the fence. All support for the exclusion fencing will be placed on the inside of the Project footprint. 
Additionally, it is not anticipated that removal of marsh or associated ruderal vegetation will be 
necessary for the proposed Project, but in the event removal of potential SMHM or SMWS habitat is 
necessary, it would be completed using only hand tools and in the presence of a biological monitor. 
MM BIO-1.2 (Applicable to Impact BIO-05): A qualified biological monitor will be present during wildlife 
exclusion fence installation and removal, and during all vegetation clearing and initial ground 
disturbance (if necessary) which take place in marsh habitats, and vegetation adjacent to marsh 
habitats. The monitor will have demonstrated experience in biological construction monitoring and 
knowledge of the biology of the special-status species that may be found in the Study Area, including 



Section 5 
SVCW Conveyance System Program 

Receiving Lift Station Project Planning Report 

 

5-16  
RLS PPR-Final-20170331.docx 

Table 5-2. RLS environmental impacts and mitigations 

Impact Mitigation Measures 
SMHM and California Ridgeway Rail (CRR). The monitor(s) will have the authority to halt construction, if 
necessary, if noncompliance actions occur. The biological monitor(s) will be the contact person for any 
employee or contractor who might inadvertently kill or injure a special-status species or anyone who 
finds a dead, injured, or entrapped special-status species. Following fence installation, vegetation 
removal in potential habitat areas, and initial ground disturbance in potential habitat areas, the 
biologist will train an onsite monitor to continue to document compliance. The biologist will conduct 
weekly site checks to provide guidance for fence maintenance, provide environmental sensitivity 
training, and document compliance with permit conditions. 
MM BIO-1.3: The biological monitor shall provide an endangered species training program to all 
personnel involved in Project construction. At a minimum, the employee education program shall consist 
of a brief presentation by persons knowledgeable about the biology of sensitive species with potential to 
occur in the Project footprint, and about their legislative protection to explain concerns to contractors 
and their employees involved with implementation of the Project. The program shall include a 
description of this species and their habitat needs, any reports of occurrences in the area; an 
explanation of the status of these species and their protection under State and Federal legislation; and a 
list of measures being taken to reduce impacts to these species during construction. 
MM BIO-1.4: Food-related trash items such as wrappers, cans, bottles, and food scraps will be disposed 
of in solid, closed containers (trash cans) and removed at the end of each work day from the 
investigation site to eliminate an attraction to predators of listed species. 
MM BIO-1.5: If a Federal or State listed species is observed at any time during construction in the work 
area, work will not be initiated or will be stopped immediately until the animal leaves the vicinity of the 
work area of its own volition. If the animal in question does not leave the work area, work will not be 
reinitiated until the appropriate agency is contacted and has made a decision on how to proceed with 
work activities. The biological monitor will direct the contractor on how to proceed accordingly. The 
biological monitor or any other persons at the site will not pursue, capture, handle, or harass any species 
observed. 

Impact BIO-6: The proposed 
Project’s construction activities at 
the WWTP Improvements Project 
footprint may cause noise and 
visual disturbances that result in 
harassment of Federal and State 
Endangered California Ridgeway 
Rail (CRR) individuals causing nest 
abandonment, which would be 
considered a significant impact. 

MM BIO-2.1: For Project activities occurring on Inner Bair Island, construction during the CRR breeding 
season (February 1 through August 31) will be avoided as much as feasible. If construction work is 
proposed during the CRR breeding season (February 1 through August 31), surveys will be conducted to 
determine the extent and location of nesting CRR. CRR surveys with USFWS-approved protocols will be 
conducted along Inner Bair Island in areas where construction or staging is to occur within 700 feet of 
tidal salt marsh habitat that is suitable for CRR nesting. Survey methods that are modified from the 
USFWS survey protocol may be permitted if approved by USFWS and CDFW. Results of protocol-level 
breeding surveys will be submitted to the USFWS and CDFW for approval. If no nesting CRR are found 
during the surveys, construction may proceed during the CRR breeding season. If nesting CRR are 
detected, work will be avoided within 700 feet of the active calling center until the end of the breeding 
season (August 31). 
MM BIO-2.2 (Applicable to Impact BIO-06): For Project activities occurring in the WWTP area or at the 
Menlo Park Pump Station, surveys for CRR as described in MM BIO-2.1 will be conducted during the 
nesting season just prior to initial ground disturbance. If nesting CRR are detected within 700 feet of 
construction at the WWTP or Menlo Park Pump Station during these preconstruction surveys, initial 
ground disturbance within 700 feet of the detected calling center will be delayed until the end of the 
breeding season (August 31). Alternatively, if CRR nesting is detected adjacent to the WWTP or Menlo 
Park Pump Station and avoiding construction within 700 feet of the calling center is not feasible, a 
visual and auditory barrier will be erected and maintained for the duration of construction along the 
southwestern boundary of the WWTP Project footprint, or northern boundary of the Menlo Park Pump 
Station. The size and material used for the barrier would be determined based on the location of any 
observed CRR nesting, and would be submitted to USFWS for approval. The barrier will augment the 
existing levees, to provide an additional visual and acoustic barrier to prevent the elevated local noise 
and activity levels of construction activities from disturbing any nesting CRR in the vicinity. Following 
initial ground disturbance, construction activities in these areas are anticipated to be constant with 
consistent types of construction equipment in use. The consistent disturbance in combination with the 
visual and acoustic barrier provided by the adjacent levees would provide a consistent baseline for 
conditions of noise and visual disturbance that would continue throughout construction.  

Impact BIO-7: Project construction 
activities in the Project footprint for 

MM BIO-4 (applicable to Impact BIO-10): Potential significant impacts to nesting special-status and 
other native nesting birds will be mitigated through avoiding disturbance to active nests. Initiation of 
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Table 5-2. RLS environmental impacts and mitigations 

Impact Mitigation Measures 
the WWTP Improvements have the 
potential to result in direct impacts 
or indirect disturbance to special-
status nesting birds and other 
native nesting birds protected by 
the Migratory Bird Treaty Act 
(MBTA) and California Fish and 
Game Code (CFGC). Construction 
could directly destroy active nests 
or cause disturbance that results in 
nest abandonment. 

construction activities during the avian nesting season (February 1 through August 31) will be avoided to 
the extent feasible. For areas where direct impacts to vegetation will occur, vegetation removal will be 
conducted outside of the nesting season to avoid potential delays in construction schedule due to 
nesting activity, as is feasible. Additionally, if water is present in the ornamental ponds prior to 
construction and it is necessary to drain one or both ponds, the ornamental ponds will be drained during 
the non-breeding season (i.e., they will be drained between September 1 and January 31). 
If construction initiation and/or ornamental pond draining during the nesting season cannot be avoided, 
pre-construction nesting bird surveys will be conducted within 14 days of initial ground disturbance or 
water/vegetation removal to avoid disturbance to active nests, eggs, and/or young of nesting birds. 
Surveys can be used to detect the nests of special-status as well as non-special-status birds. Surveys 
will encompass the entire construction area and the surrounding 500 feet. An exclusion zone where no 
construction would be allowed will be established around any active nests of any avian species found in 
the Study Area until a qualified biologist has determined that all young have fledged and are 
independent of the nest. Suggested exclusion zone distances differ depending on species, location, and 
placement of nest, and will be at the discretion of the biologist and, if necessary, USFWS and CDFW. 
These surveys would remain valid as long as construction activity is consistently occurring in a given area 
and will be completed again if there is a lapse in construction activities of more than 14 consecutive 
days during the breeding bird season. 

Impact CUL-2: Construction 
activities associated with the 
proposed Project could disturb 
unknown buried archaeological 
resources. 

MM CUL-2: In the event cultural resources are encountered during construction, work shall halt and the 
SVCW project manager shall be notified. 
• All construction activity within 50 feet (15 meters) of the find/feature/site will cease immediately.  
• If human bones are found, the appropriate County authority (Coroner) and the SVCW project manager 

shall be notified immediately. 
• In the event that Native American human remains or funerary objects are discovered, the provisions 

of the California Health and Safety Code shall be followed. Section 7050.5(b) of the California Health 
and Safety Code states:  

In the event of discovery or recognition of any human remains in any location other than a dedicated 
cemetery, there shall be no further excavation or disturbance of the site or any nearby area reasonably 
suspected to overlie adjacent remains until the coroner of the county in which the human remains are 
discovered has determined, in accordance with Chapter 10 of Part 3 of Division 2 of Title 3 of the 
Government Code, that the remains are not subject to the provisions of Section 27492 of the 
Government Code or any other related provisions of law concerning investigation of the circumstances, 
manner and cause of death, and the recommendations concerning treatment and disposition of the 
human remains have been made to the person responsible for the excavation, or to his or her authorized 
representative, in the manner provided in Section 5097.98 of the Public Resources Code.  

Impact GEO-1: The soil at the 
Project site is highly corrosive to 
buried steel and concrete. 
Therefore, buried reinforced 
concrete structure would require 
corrosion protection to reduce the 
impact to less than significant. 

MM GEO 1: The following measures or equivalent measures are recommended for corrosion control and 
are proposed as part of the Project for the steel and concrete portions of the Project that are buried or 
are in direct contact with the soil.  
• Buried reinforced concrete structures should be constructed of durable concrete such as described in 

ACI Standards 201.2R and 222R.  
• The water/cement ratio should not exceed 0.45.  
• The concrete cover applied over all steel reinforcement bars should generally be a minimum of two 

(2) inches thick.  
• All concrete used in the area would be a mix of 50% Type II and 50% Type V cement.  
• Sand and water used in concrete mixtures should contain a maximum of 100 ppm of water-soluble 

chloride ions and water-soluble sulfate ions and have a pH in the range of 6.5 to 8.0. Water used in 
concrete mixtures should be potable water. 

Impact HAZ-1: Construction of the 
proposed Project could expose 
construction workers to risks from 
hazardous materials 
contamination or from the storage, 
use and/or disposal of hazardous 
materials. 

MM HAZ-1.1: Prior to initiating earthwork activities, sampling and laboratory analyses should be 
conducted at planned earthwork locations where spill incidents appear most likely to have impacted soil 
and/or groundwater, including at the Belmont Pump Station site, the northerly portion of the planned 
gravity pipeline alignment, and the northeastern portion of the San Carlos Pump Station site. This shall 
be done in order to establish specific, appropriate site management protocols, including handling and 
disposal alternatives for contaminated materials and health and safety protocols.  
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Table 5-2. RLS environmental impacts and mitigations 

Impact Mitigation Measures 

MM HAZ-1.2: This measure shall be implemented before and during construction of the gravity pipeline 
and pump stations, as well as any demolition. 
• A Site Management Plan (SMP) and Health Safety Plan (HSP) shall be prepared by the project 

contractor(s) and submitted to SVCW for review. 
• The SMP and HSP shall include the following:  

• Site control procedures to control the flow of personnel, vehicles, and materials in and out of the 
construction site;  

• Measures to minimize dust generation, storm water runoff, and tracking of soil off-site;  
• If excavation de-watering is required, protocols to evaluate water quality and discharge/disposal 

options;  
• Protocols for completing earthwork activities in areas where impacted soils, soil vapor, and/or 

groundwater are present or suspected;  
• Worker training requirements, health and safety measures and soil handling procedures;  
• Protocols to be implemented if buried structures, wells, debris, or unidentified areas of impacted 

soil are encountered during construction activities; 
• Protocols to evaluate the quality of soil suspected of being contaminated so that appropriate 

mitigation, disposal, or reuse options can be determined;  
• Procedures to evaluate and document the quality of any soil imported to the construction site; 
• Methods to monitor trenches for the potential presence of volatile chemical vapors;  
• Protocols to reduce the potential for construction equipment and vehicles to release 

contaminated soil onto public roadways or other off-site transfer; and  
• Stockpiling protocols for “clean” and “impacted” soil. 

Impact HYD-1: Construction of the 
proposed Project could increase 
contaminants in storm water 
runoff, which could adversely affect 
the water quality of the San 
Francisco Bay.  

MM HYD-1.1: Prior to the commencement of any ground disturbing activities outside the fenced WWTP 
site, the project will comply with the State Water Resources Control Board’s NPDES General 
Construction Activities Permit, to the satisfaction of the SVCW construction manager, as follows:  
• SVCW will control the discharge of storm water pollutants including sediments associated with 

construction activities;  
• Permitting for storm water treatment could be obtained by one of two methods. The first option would 

be to obtain an Industrial Storm water General Permit by filing a Notice of Intent (NOI) with the 
SWRCB. The second option would be to reissue the existing individual permit that expires in 
December 2017 and file an application with revised storm drain discharge into wetlands or the bay.  

MM HYD-1.2: The project will include Best Management Practices (BMPs) to control the discharge of 
storm water pollutants including sediments associated with construction activities. Prior to installation, 
the contractor shall be required to prepare an Erosion Control Plan. The Erosion Control Plan may 
include BMPs as specified in the Manual of Standards Erosion & Sediment Control Measures for 
reducing impacts on the storm drainage system from installation activities. The following specific BMPs 
will be implemented to prevent storm water pollution and minimize potential sedimentation during 
construction:  
• Utilize on-site sediment control BMPs to retain sediment on the Project sites;  
• Utilize stabilized construction entrances and/or wash racks;  
• Implement damp street sweeping;  
• Provide temporary cover of disturbed surfaces to help control erosion during installation;  
• Provide permanent cover to stabilize the disturbed surfaces after installation has been completed;  
• Store, handle, and dispose of construction materials and wastes properly, so as to prevent their 

contact with storm water;  
• Control and prevent the discharge of all potential pollutants, including solid wastes, paints, concrete, 

petroleum products, chemicals, washwater or sediments, and non-storm water discharges to storm 
drains and watercourses;  

• Utilize sediment controls or filtration to remove sediment from dewatering effluent;  
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Table 5-2. RLS environmental impacts and mitigations 

Impact Mitigation Measures 

• Avoid cleaning, fueling, or maintaining vehicles onsite, except in a designated area in which runoff is 
contained and treated.  

• Delineate clearing limits, easements, setbacks, sensitive or critical areas, buffer zones, trees, and 
drainage courses with field markers.  

• Protect adjacent properties and undisturbed areas from construction impacts using vegetative buffer 
strips, sediment barriers or filters, dikes, mulching, or other measures as appropriate.  

• Limit and time applications of pesticides and fertilizers to prevent polluted runoff.  

Impact HYD-2: Water quality 
impacts from shallow groundwater 
encountered during construction 
could occur under the proposed 
Project.  

MM HYD-2: A detailed, design-level geotechnical investigation shall be completed and shall address the 
need for dewatering during construction. Project construction shall follow the recommendations of the 
investigation. 

Impact NOI-1: Construction 
activities in relation to the ambient 
noise conditions over extended 
periods could result in a potentially 
significant impact. 

MM NOI -1: The following measures will be required for all construction sites to ensure the exterior noise 
levels at sensitive receptor locations stay within these thresholds when feasible:  
Daytime (7:00 a.m. to 10:00 p.m.)  

• Residential districts: 60 dBA Leq (hr)  
• Commercial districts: 70 dBA Leq (hr)  
• Locations with ambient noise near thresholds: 5dBA Leq higher than ambient noise  

• Nighttime (10:00 p.m. to 7:00 a.m.)  
• Residential districts: 45 dBA Leq (hr)  
• Commercial districts: 52 dBA Leq  
• Locations with ambient noise near thresholds: 5dBA Leq higher than ambient noise. 

• Noise due to extreme noise-generating construction activities, such as pile driving activities which 
are necessary for the proposed Project, shall be minimized to the extent feasible. Pile driving 
activities and other noisy construction activities shall be completed as quickly as possible to limit 
noise exposure. Where conditions allow, vibratory pile drivers shall be used to drive sheet piles. Pile 
holes shall be pre-drilled to minimize the number of blows required to seat the pile.  

• All equipment driven by internal combustion engines shall be equipped with mufflers, which are in 
good condition and appropriate for the equipment. Quieter internal combustion equipment or 
equipment powered by electrical motors shall be selected to reduce noise levels, where feasible.  

• The construction contractor shall utilize “quiet” models of air compressors, ventilation fans, and 
other stationary noise sources where technology reasonably exists.  

• Unnecessary idling of internal combustion engines shall be prohibited.  
• Construction staging areas shall, where practical, be established at locations that will create the 

greatest distance between the construction-related noise sources and receptors nearest the Project 
site during all Project construction.  

• Locate stationary noise sources as far from receptors as feasible. If they must be located near 
receptors, adequate muffling (with screens and enclosures where feasible and appropriate) will be 
used as necessary to stay within the above noise level thresholds. Any enclosure openings or venting 
will face away from receptors.  

• Locate material stockpiles, as well as maintenance/equipment staging and parking areas, as far as 
feasible from residential receptors.  

• Neighbors located adjacent to the construction site shall be notified of the construction schedule in 
writing and of significant changes to the schedule.  

• Designate a project liaison that will be responsible for responding to noise complaints during the 
construction phase. The name and phone number of the liaison will be conspicuously posted at 
construction areas and on all advanced notifications. This person will take steps to resolve 
complaints, including periodic noise monitoring, if necessary. Results of noise monitoring will be 
presented at regular Project meetings with the Project contractor, and the liaison will coordinate with 
the contractor to modify any construction activities that generated excessive noise levels to the extent 
feasible.  
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Table 5-2. RLS environmental impacts and mitigations 

Impact Mitigation Measures 

• Require a reporting program that documents complaints received, actions taken to resolve problems, 
and effectiveness of these actions.  

• Hold a preconstruction meeting with the job inspectors and the general contractor/on-site project 
manager to confirm that noise mitigation and practices (including construction hours, construction 
schedule, and noise coordinator) are completed.  

• Implement a construction noise monitoring plan which includes a provision for noise monitoring at 
the nearby receptors to confirm that daytime and nighttime construction noise levels meet daytime 
and nighttime noise level thresholds at residential and commercial land uses. Construction 
monitoring shall occur weekly during the first month of general construction at a given site and on a 
monthly basis, thereafter, to show compliance with the construction noise level thresholds. 
Additional noise monitoring shall be completed on a more frequent basis if needed, in response to 
complaints. In the event of noise complaints, the contractor will provide information to SVCW within 
48 hours of being notified of the complaint, regarding the noise levels measured and activities that 
correspond to the complaints, as well as the proposed changes at the site to reduce the noise levels 
to below the thresholds.  

• In the event the above noise thresholds are not being met, additional noise mitigation measures will 
be implemented to further reduce noise from construction activities. A site-specific noise control plan 
shall be developed to identify the specific construction noise control features that will be 
implemented at the construction site(s). These additional noise mitigation measures could include, 
but not be limited to, the following 
• Erecting permanent or temporary noise barriers (at least 12 feet in height) and other noise control 

features at the perimeter of the construction site(s) between the construction activity and 
sensitive receptors and/or around major construction noise sources (i.e., noisy equipment) to 
provide shielding for nearby sensitive receptors. Permanent or temporary noise barriers could 
include, but would not be limited to, concrete, precast walls, plywood noise barriers, noise control 
blankets, cargo containers, or hay bales. The exact material, height, and configuration of these 
barriers shall be decided in consultation with the acoustical consultant, based on the specific 
equipment or activity that is causing the excessive noise.  

• Scheduling specific high noise-generating construction activities for the middle of the day.  
• Additional noise monitoring shall be completed after the installation and completion of such 

measures, to confirm their effectiveness at achieving the above thresholds. If the noise thresholds 
are still not being met, an acoustical consultant shall make further recommendations to be 
implemented immediately to reduce noise levels at the construction site(s). 

Impact NOI-2: Operational noise 
from regular operations at the 
WWTP and the specified pump 
stations as discussed above would 
lead to a potentially significant 
impact. 

MM NOI-2: The following noise performance standards shall be applied to noise from regular operations 
at the WWTP and at the specified pump stations: 
• Noise resulting from regular (non-emergency) operations of WWTP equipment shall not exceed 50 

dBA Leq at night (10 p.m. to 7 a.m.) at the nearest residential land use located 890 feet southwest of 
the WWTP Improvements buildings. If the mechanical equipment at the WWTP would cause levels to 
exceed 50 dBA Leq at night, controls could include, but are not limited to, design alternatives, fan 
silencers, enclosures, and screen walls.  

• Low-velocity ventilation systems (which are quieter than standard ventilation systems) and other 
ancillary noise controls shall be incorporated into the designs, as necessary, to meet the noise 
performance standards.  

The following noise performance standard shall be applied to noise from diesel engine-generator 
operations at WWTP and each of the pump stations: 
• The sound level from non-emergency operation of the diesel engine-generator at each facility shall 

not exceed 60 dBA when measured on any real property outside the property lines of the facilities 
(excluding US Highway 101 (U.S. 101), other roadways, and San Carlos Airport). 

Impact UTIL-1: The relocation and 
modification of existing utilities 
could result in short-term service 
disruption impacts during 
construction. 

MM UTIL-1: The project will incorporate the following measures into the Project construction documents: 
• Prior to and during construction of the gravity pipeline alignment and the proposed connections, all 

utility work shall be completed with approval and coordination with the respective utility providers to 
minimize any potential disruption in service. 

• All utility modifications and relocations shall comply with respective utility providers’ notification 
process for any disruption of service, including USA North requirements. 
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5.6 Construction and Sequencing 
The construction of the conveyance system will take place in stages and will need to account for the 
installation of equipment and design considerations discussed previously in Sections 5.1 through 
5.3. A constructability review, proposed schedule and sequencing are discussed in the following 
sections. 

5.6.1 Constructability review 
The following section discusses the construction constraints, geotechnical requirements and 
coordination issues associated with RLS construction.  

5.6.1.1 Constraints 

The following constraints have been identified for the design and construction of RLS. Constraints 
include noise and vibration restrictions and sequencing restrictions.  
• Noise restrictions. Construction noise shall be limited to normal working hours between the 

hours of 7 a.m. and 8 p.m. Monday through Friday and prohibited on weekends and holidays as 
summarized in Section 3.3.4. 

• Vibration restrictions. Redwood City has no known quantitative standards for vibration; 
therefore, American Association of State Highway and Transportation Officials (AASHTO) and 
State of California Department of Transportation (Caltrans) guidelines should be followed. Sheet 
pile driving, concrete pile driving, and soil compaction are expected to be the major sources of 
on-going vibration during construction. Vibration from the excavation and other phases of 
construction should be below the typical criteria for building threshold damage for nearby 
buildings located offsite. Since the RLS is located within an area of Very High Susceptibility to 
liquefaction, operations from continuous vibratory equipment like a sheet pile driver should be 
limited to 0.1 peak ground acceleration (0.2 in/sec at 30 Hertz) near the existing RLS building if 
differential settlement cannot be tolerated. In addition to vibration effects on buildings, RLS 
construction will likely generate perceptible vibration that can be noticed by the WWTP.  

5.6.1.2 Geotechnical requirements 

The following geotechnical recommendations were made by the geotechnical engineer for the RLS.  
• Groundwater. Per the geotechnical report, the groundwater level should be assumed to be at 

ground surface for design and construction purposes.  
• Shoring. Excavations on RLS will be approximately 0.5 ft to 93 ft deep. The deeper excavations 

required for the RLS shaft will be designed by the engineer responsible for the gravity pipeline 
design. The remainder of the RLS excavations, including piping and the pipe gallery, will be much 
shallower than the shaft construction and will require vertical shoring (i.e., no side-sloped 
excavations) and supported with “watertight” shoring such as internally braced interlocking 
sheet piles. All gaps in shoring, such as pipeline penetrations, must be fully sealed to maintain a 
watertight system. External dewatering is not recommended by the geotechnical engineer due to 
the risk for subsidence of soft ground and settlement of nearby pipelines, utilities and 
structures. Instead, the geotechnical engineer recommends that the sheet pile toe be embedded 
a minimum of 15 feet below the excavation to form a cutoff to groundwater inflows. Internal 
dewatering may be used to keep the excavation dry.  

• Differential and structure settlement. Soil conditions at or below the base elevation of the RLS 
consists of stiff (Old Bay Clay) clays that will adequately support uniformly loaded mat 
foundations. Pile foundations are not anticipated for RLS’s shafts; however, they will be required 
for the pipe gallery. RLS mat foundation settlement should be limited to less than one inch. For 
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structures shallower than the wet well excavation, Class 2 aggregate base and foundation rocks 
shall be installed per the geotechnical engineer’s recommendations.  

5.6.1.3 Coordination issues 

The following coordination issues have been identified for the detailed design and construction of 
RLS.  
• Installation of new gravity pipeline. The gravity pipeline and RLS will share the Flow Splitter 

Shaft. The Flow Splitter Shaft will be the receiving shaft for the TBM. The majority of the RLS 
construction is proposed to be completed prior to the TBM reaching the Flow Splitter Shaft. 

• Installation of Headworks. The RLS will discharge to the Headworks. RLS discharge piping will be 
routed in a pipe gallery to the Headworks Distribution Box.  

• Odor control facilities. The RLS will share odor control facilities with the Headworks. 
• Electrical and standby power facilities. The RLS will share electrical and standby power facilities 

with the Headworks Facilities. The electrical and standby power facilities will be located in the 
Headworks Facility. 

• Site storm water pump station. The FoP area will drain to a common site storm water pump 
station and discharge into the Headworks. 

• FoP design and construction. The FoP project was originally going to be executed as a design-
bid-build project with several design teams. However, in Fall 2016, SVCW determined that all 
FoP projects will likely be constructed under a single design-build contract which will ease 
coordination between the various FoP components identified above. 

5.6.1.4 Shutdowns 

The RLS is located on a new site. Major shutdown of the existing WWTP are not expected as part of 
the RLS Project, although shutdowns will be needed for other related FoP projects.  

5.6.2 Construction staging, laydown areas and access 
Construction of the RLS requires approximately 80,000 square feet of staging area. The staging 
areas for all FoP projects, including the RLS will be located north of the flow diversion structure, as 
shown in Figure 5-8. 

Driveway entrances with security gates will be installed to enhance the safety of the public and 
prevent unauthorized access. Traffic will be limited to construction traffic only. Equipment activity for 
initial site staging would include a range of trucks and excavators necessary to: remove and 
transport waste from the site clearing and preparation operation, haul-in and spreading gravel, 
install construction trailers, provide sewer, water, and drainage facilities, and construct site fencing. 
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Figure 5-8. FoP improvements staging areas 

 

5.6.3 Construction sequencing 
The construction sequencing plan for the RLS is presented in Table 5-3, and consists of seven 
phases.  
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Table 5-3. RLS construction sequencing  

Phase Activity 
Duration 
(Months) 

Shaft Structural Improvements 

• Reinforced structural liner installation for anchoring of wet well 
facilities. 

• Interior improvements for converting shaft from temporary to 
permanent structures.  

6 

Construct interior wet well structural 
components  

• Installation of influent channel and wet well separation walls. 
• Installation of ogee ramp and trench-style wet well. 
• Installation of plastic lining for corrosion protection. 

4 

Pump mounts and rail 
• Installation of pump base, guide rails and anchoring systems. 
• Installation of sluice gate and stop log rails. 

4 

Construct top slab of wet well and pipe gallery 

• Construction of top slap of wet well including access hatches and 
stairways. 

• Installation of pipe gallery pile foundation and construction of 
pipe gallery structure. 

4 

Mechanical installation 
• Installation of pumps, discharge piping and FA ducting. 
• Installation of flow meters. 

2 

Electrical and controls • Installation of pump cabinets, electrical conduit, instrumentation 
and controls. 6 

Start up and commissioning • Start-up and commissioning of RLS in conjunction with Headworks 
Facility.  6 

 

The suggested construction sequencing plan is not intended to define the methods of construction, 
but to the assist SVCW and the contractor in identifying operational and practical constraints for the 
work. Sequencing workshops shall be held during detailed design to develop a more detailed 
sequencing approach during construction.  
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Section 6 

Cost Estimate and Schedule 
The RLS Life Cycle Cost (LCC) analysis model was used to estimate the LCC for the RLS Project’s 50-
year life. The model was completed in August 2016. The major considerations in developing the RLS 
LCC include capital cost, annual O&M running costs, replacement/rehabilitation costs and proposed 
Conveyance System Project schedule. The following sections describe the different components of 
the LCC. 

6.1 Construction Costs 
AACE International Class 3 construction costs for the RLS Project were calculated by BC. A summary 
of the construction costs by major project category is provided in Table 6-1. The detailed cost 
estimate is included in Appendix F. It should be noted that the cost estimate was prepared in May 
2016 and the construction cost estimate is in 2016 dollars. 

 
Table 6-1. RLS construction costs 

Category/Phase Total Net Cost 

RLS Site Civil and Excavations $1,143,063 

RLS Pump Station Concrete $1,528,565 

RLS Pipe Gallery Concrete $303,091 

RLS Mechanical $4,726,653 

RLS Super Structure $289,992 

RLS HVAC and Odor Control $242,090 

Shaft Improvements and Corrosion Protection $918,851 

RLS Electrical Allowance $1,044,126 

Total $10,196,431 

Note: Construction cost estimate is in 2016 dollars. 

 

The construction costs were converted into capital costs by applying soft costs, project 
contingencies, and market fluctuations to each individual cost component. The construction 
contingencies, soft costs, and market fluctuations are summarized in Table 6-2. Market fluctuations 
are applied to capture the range of costs that could potentially occur over the construction period for 
the entire conveyance system program upgrade.  
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Table 6-2. Capital cost factors 

Cost Factor Markup 

Construction Contingency1 25% 

Soft Costs1 

Construction Management, Engineering Services during 
Construction, Testing, Inspection 18% 

Contract Change Orders (CCO) 5% 

Planning 5% 

Design 10% 

Project Management 5% 

Soft Cost Subtotal 43% 

Market Fluctuations2 

Low -5% 

High 15% 

1. Construction contingency developed by SVCW as presented in the comparison of construction cost estimates during 
the June 2, 2016 Department Head Meeting. 

2. Market fluctuations developed by SVCW. Source: SVCW Conveyance System Construction Cost Analysis, Front of 
Plant, Revision Date: April 22, 2015, Revision 28b. 

 

Table 6-3 presents a summary of the RLS capital costs. The capital costs were originally developed in 
2016 dollars, but were escalated to 2020, which is the midpoint year of construction. 

 
Table 6-3. RLS capital cost 

 Total Net Cost 

Total Construction Cost $10.2 M 

Contingency and Soft Cost Subtotal 
(25% and 43% of Construction Cost) 

$2.5 M 
$4.4 M 

2016 Capital Cost $17.1 M 

2020 Capital Cost $20.0 M 

Market Fluctuation Ranges1 $19.4 M – $21.8 M 

1. Market fluctuation range of -5 percent (low) to 15 percent (high) developed by SVCW.  
Source: SVCW Conveyance System Construction Cost Analysis, Front of Plant, Revision Date: April 22, 2015, 
Revision 28b. 

 

6.2 O&M Costs 
The annual maintenance allowance is equal to one full time employee at $150,000/year per SVCW’s 
direction during the original LCC analysis completed in May 2015. The maintenance allowance 
includes maintenance of odor control and crane maintenance. Odor control chemicals and pump 
rebuilding and inspection costs are not considered to be annual maintenance costs, and are 
accounted for separately in the LCC analysis. Odor control chemical costs are estimated to be 
$200,000/year due to the size of the facility. Pump inspection costs are estimated to be 
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$25,200/year, based on pulling all submersible pumps twice per year at a cost 
of$4,200/pump/year, as stated in Table 7.19 of the CSMP (Winzler & Kelly, 2011). Electrical costs 
are calculated using an electrical billing rate of $0.129/kWh, along with calculated equipment power 
usage at the site. The electrical rate is based on current SVCW electrical bills from PG&E. The total 
RLS annual equipment power usage is 2,168,900 kW (247.4 kWh). All O&M costs are in 2016 
dollars. 

6.3 Rehabilitation/Replacement Costs  
The following rehabilitation and replacement assumptions were made for the RLS:  
1. All pumps will be rebuilt every five years. Cost is assumed to be 50 percent of the total purchase 

cost for six pumps of $2,232,000. The assumption is to rebuild each pump every 5 years.  
2. Pump replacement – once every 25 years. The cost to replace is assumed to be the total 

purchase cost for six pumps of $2,232,000. No rebuild costs are assumed within these years. 
3. Electrical equipment will be replaced once every 25 years and instrumentation and control once 

every 15 years. Electrical equipment replacement cost is assumed to be $939,600 and the 
instrumentation and control equipment replacement cost is assumed to be $104,400.  

4. Structural rehabilitation or replacement will occur once every 75 years for RLS since it will be a 
new station. Since this cost will occur outside of the period of analysis, it was not calculated for 
this LCC. The structural rehabilitation/replacement includes piping, valves, HVAC, sluice gates 
and odor control equipment. 

6.4 Year of Analysis 
The RLS Project construction is expected to begin in May 2019 and end in March 2021. Capital 
costs are applied in the LCC model at the midpoint year of construction. The Year 2020 is used as 
the midpoint year of construction. The end year of construction is used to establish the start of 
recurring O&M and rehabilitation/replacement costs. The Year of Analysis for the entire conveyance 
system program is the Year of Beneficial Use. The Year of Beneficial Use is the year major facilities of 
the conveyance system (i.e., gravity pipeline, RLS and Headworks) start up. Based on the current 
program-wide schedule (Version 20 dated February 1, 2017) developed by SVCW, the Year of 
Beneficial Use is the Year 2022. 

6.5 Escalation and Discount Rates 
To determine the present value of costs for the Year of Analysis, their values are escalated to future 
values and discounted back to the Year of Analysis. The discount and escalation rates used in the 
RLS LCC Analysis were developed by SVCW based on current and projected investment return rates 
as summarized in Table 6-4.  

 
Table 6-4. Escalation and discount rates 

Factor Rate  

Escalation 4% 

Capital Project and Rehabilitation/Replacement Discount 7% 

O&M Discount 3% 
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6.6 LCC Analysis Summary 
The LCC analysis summarizes all cost components over a 50-Year period ending in the Year 2066. A 
50-Year period was selected as it is the typical analysis period for municipal facilities. Table 6-5 
displays the RLS LCC breakdown including O&M, rehabilitation/replacement, capital costs and LCC. 
The LCC analysis completed for the RLS is included in Appendix G. 

 
Table 6-5. LCC summary by cost category 

Cost Category Cost 

O&M  $6.4M 

Rehabilitation/Replacement  $8.4M 

Capital Cost1 $19.4M - $21.8M 

Total LCC $34.2M - $36.6M 

1. Capital cost range is based on a market fluctuation factor as discussed in Section 6.1, and was developed for the 
midpoint year of construction (2020) 

 

The average total 50-year LCC for the RLS is $34.8 million with a range of $34.2 million to $36.6 
million accounting for market fluctuations.  

6.7 Schedule 
The planning level project schedule during design and construction is shown in Figure 6-1. The 
schedule originates from the proposed Conveyance System Project program schedule (Version 20 
dated February 1, 2017); therefore, gaps in specific RLS activity may occur. The estimated 
construction duration for the RLS Project is approximately three years.  
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Figure 6-1. Construction schedule 

(Version 20 dated February 1, 2017) 
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Section 7 

Outstanding Project Issues 
The following section summarizes the RLS Project issues that require resolution as part of the final 
design process. These issues consider the impact to the RLS Project schedule and proposed 
Conveyance System Project costs (design and construction), potential additional field investigations, 
RLS Project components requiring alternatives analyses to determine a final resolution, interproject 
coordination needs and decisions to be made by SVCW staff/management to move the RLS Project 
forward.  

7.1 Outstanding Issues to Carry into Subsequent Design 
Several items will need further refinement and coordination with SVCW. These items are listed 
below. 
• Hydraulic model and pump selection. Pump selection was based on selection of the proposed 

Conveyance System Project, based on information available in January 2017. As new 
information is developed, the hydraulic model will need to be updated and new system curves 
developed. The consultant updating the hydraulic model during final design will need to provide 
system curves for the detailed design team to use for pump selection. 

• RLS rated capacity. The RLS capacity is based on SVCW wet weather storage decisions and 
efficient pumping design based on 60 or 80 mgd PWWF. 

• Corrosive air control. Specific requirements may be needed for very corrosive ambient air used 
in building air exchanges. SVCW had considered commissioning a specific ambient air corrosion 
study.  

• Wet well dimensions. Updated pump selections may require adjustments in the wet well 
dimensions. 

• Pump manufacturers. Current pump selections were based on Flygt submersible pumps. 
Additional pump manufacturers should be contacted during final design.  

• Equipment removal and maintenance access. Equipment removal and maintenance access to 
the pumps and equipment will need to be reviewed with SVCW O&M staff. The use of rented 
cranes, boom trucks, or combination of removal devices will need to be considered. The local 
municipalities’ and neighbor businesses’ interests should also be considered. In addition, 
discussions during conceptual design resulted in the possibility of hiring Flygt on a maintenance 
contract to perform inspection and rebuilds of the submersible pumps. This will need to be 
confirmed during final design. 

• Air exchange rates and gravity pipeline air volume. Air exchange rates for the wet well need to 
be finalized during final design. The gravity pipeline air volume will also need to be estimated to 
size the odor control facilities at the Headworks. 

• Architectural. The RLS will need to include architectural features to match the surrounding area. 
The final architectural features will need to be determined in final design. Redwood City’s 
requirements and interests will need to be considered. 

• Alignment and grade of incoming gravity pipeline. The alignment and grade of the incoming 
gravity pipeline will affect the depth and sizing of the RLS facilities, especially the wet well.  
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• SVCW standards. Updates to SVCW standards including automation standards and naming 
conventions will need to be incorporated into the detailed design. The detailed design teams will 
need to update the design documents to meet all of the new/updated design standards. 

• Environmental. The Draft EIR released in November 2016 identified significant proposed 
Conveyance System Project impacts and proposed mitigation measures, which will need to be 
incorporated into the design of the RLS. Specific attention to air quality impacts, biological 
resources, and cultural resources will need to be considered, in addition to the other impacts 
discussed in the Draft EIR and summarized in this report.  

• State Revolving Fund (SRF). SVCW plans to fund the proposed Conveyance System Project 
through the SRF program. SRF requirements will need to be incorporated into the bid 
documents. The design engineer should also expect to provide RLS Project information for the 
SRF application. 

• Environmental permits. Environmental permits required for construction will need to be finalized 
during detailed design and will be identified during the environmental review process. 

• Non-environmental permits. Non-environmental permits required for construction will need to be 
identified and finalized during detailed design. 

• Technical specifications. Technical specifications for the RLS Project should be developed 
during final design. 

• Seismic design criteria. Seismic design criteria will be determined based on criticality rating. 

In addition to the items listed above, the following design refinements are recommended: 
• Size of pumps. Use of all the same size pumps or multiple size pumps to pump the range of dry 

and wet weather flow. 
• Constant speed vs. variable speed pumps. A combination of constant speed and variable speed 

pumps were explored in the conceptual analysis. The number of constant speed and variable 
speed pumps will be determined by the acceptable operating ranges under the various flow 
conditions. 

• Height of wet well separation wall. The wall separating the two wet wells is currently configured 
to allow overflow from one wet well into another if pumps fail or an emergency situation occurs. 
The elevation of overflow will need to be refined during final design. 

• Configuration of tunnel shafts. Two configurations were explored during conceptual design: a 
“Figure 8” configuration where the shafts intersect or twin shafts with a short connection 
between shafts. A determination of keeping the shafts together or separated will need to be 
made that heavily relies on constructability of the configurations and sequencing of the gravity 
pipeline and RLS construction. 

• Maintenance space needs. Configuration of wet well platform and access to the pipe gallery will 
require refinement that considers maintenance space needs. 

• Final depth and inside diameter of the gravity pipeline. The ultimate depth and inside diameter 
of the gravity pipeline will affect the overall pump selection. 

• Structural requirements for the shaft walls. The shaft wall’s initial purpose is to provide a 
receiving shaft for the gravity pipeline’s TBM. The shaft walls will require improvement in order to 
convert the shafts into permanent structures. The design of the shafts will need to be 
incorporated into the overall RLS design. 

• Procurement (pre-purchase, pre-selection, or pre-qualifying) of submersible pumps. 
Coordination of pump selection and procurement with the other pump stations in the 
conveyance system will be required during final design. Similar characteristics and requirements 
will ease procurement and operation/maintenance of the pumps. 
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Section 8 

Limitations 
This document was prepared solely for Silicon Valley Clean Water (SVCW) in accordance with 
professional standards at the time the services were performed and in accordance with the contract 
between SVCW and Brown and Caldwell dated December 16, 2016. This document is governed by 
the specific scope of work authorized by SVCW; it is not intended to be relied upon by any other party 
except for regulatory authorities contemplated by the scope of work.  

Further, Brown and Caldwell makes no warranties, express or implied, with respect to this document, 
except for those, if any, contained in the agreement pursuant to which the document was prepared.  

All data, drawings, documents, or information contained this report have been prepared exclusively 
for the person or entity to whom it was addressed and may not be relied upon by any other person or 
entity without the prior written consent of Brown and Caldwell unless otherwise provided by the 
Agreement pursuant to which these services were provided. 
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Section 9 
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 Odor	control	facility	to	treat	foul	air	venting	from	one	of	the	Gravity	Pipeline	drop	shafts,	
referred	to	as	the	San	Carlos	Odor	Control	(SCOC)	Facility.	

An	Environmental	Impact	Report	(EIR)	is	currently	being	prepared	for	the	CIP.	The	Headworks	
Facility	Project	is	being	performed	to	support	the	development	of	the	EIR	by	developing	the	
conceptual	layouts	and	conceptual	level	cost	estimates	for	the	Headworks	Facility,	the	FoP	Odor	
Control	Facility,	and	the	SCOC	Facility.		

3.0	Approach	for	Updating	Grit	Facility	Design	Criteria		
As	discussed	in	Section	1.0,	conceptual	design	criteria	for	the	Grit	Facility	were	previously	
developed	and	documented	in	the	DRAFT	Grit	Removal	and	Grit	Handling	Evaluation	TM	prepared	
under	Task	3.4	of	the	Headworks	Facility	Project.		Since	that	TM	was	prepared,	the	following	work	
has	been	completed:	

 Three	grit	samples	(two	dry	weather	samples	and	one	wet	weather	sample)	were	collected	
from	the	Influent	Mix	Box	and	analyzed	by	Black	Dog	Analytical,	LLC	for	grit	content.	

 A	Grit	Sampling	TM	dated	July	22,	2016	was	prepared,	summarizing	the	results	of	the	
analysis	performed	by	Blackdog	Analytical,	LLC	and	results	from	grit	sampling	previously	
performed	by	SVCW.	

 A	Grit	Migration	Predictions	When	Using	a	Tunnel	for	Storing	Wastewater	TM	(Grit	Migration	
TM)	was	prepared	for	SVCW	by	Bob	Donaldson.		This	TM,	provided	in	Appendix	A,	
summarizes	the	following:	

 Operations	of	the	Gravity	Pipeline	during	both	dry	weather	diurnal	equalization	and	wet	
weather	storage	

 The	conveyance	of	grit	particles	to	the	Headworks	Facility	during	dry	weather	diurnal	
equalization	operations	and	wet	weather	storage	events	

 Information	received	from	former	operations	staff	regarding	historical	extreme	grit	loads	
to	the	WWTP	

The	information	listed	above	was	used	to	update	the	design	criteria	for	the	Grit	Facility.	The	
updated	design	criteria	and	the	manner	in	which	the	information	listed	above	was	used	is	
described	in	the	sections	below,	which	are	organized	as	follows:	

 Section	4.	0	summarizes	the	Black	Dog	Analytical,	LLC	grit	sampling	data.	

 Section	5.0	summarizes	the	information	included	in	the	Grit	Migration	TM	regarding	Gravity	
Pipeline	operations	and	grit	conveyance.	

 Section	6.0	includes	updated	design	criteria	for	the	Grit	Facility	based	on	the	information	
presented	in	Sections	4.0	and	5.0.		
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 Section	7.0	discusses	the	anecdotal	information	received	regarding	historical	grit	loads.	

 Section	8.0	includes	final	recommendations	regarding	design	criteria	for	the	Grit	Facility.	

4.0	Grit	Sampling	Data	
Samples	from	the	SVCW	WWTP	were	collected	and	analyzed	for	grit	content	during	several	
sampling	events	described	in	detail	in	the	Grit	Sampling	TM,	dated	July	22,	2016.	As	discussed	in	
that	TM,	the	data	from	the	samples	collected	from	the	Influent	Mix	Box	during	the	period	from	
February	3,	2016	–	March	11,	2016	by	Black	Dog	Analytical,	LLC	are	recommended	for	use	in	
developing	design	criteria	for	the	Headworks	Facility.	The	data	from	those	samples	are	summarized	
in	Table	1	and	Figures	1	and	2,	below.	Revised	design	criteria	for	the	Headworks	Facility	based	on	
these	sampling	data	are	discussed	in	Section	6.0.	

It	should	be	noted	that	the	data	resulting	from	the	grit	sampling	performed	by	SVCW	during	the	
period	from	March,	2014	to	October,	2015	were	generally	in	agreement	with	the	data	resulting	
from	the	grit	sampling	performed	by	Black	Dog	Analytical,	LLC.	Both	sets	of	data	indicated	that	
there	is	a	large	fraction	of	fine	grit,	in	terms	of	physical	particle	size,	entering	the	WWTP	during	dry	
weather	conditions.	However,	settling	velocities	were	determined	for	the	samples	analyzed	by	
Blackdog	Analytical,	whereas	settling	velocities	were	not	determined	for	the	samples	analyzed	by	
SVCW.		Therefore,	the	Blackdog	Analytical	data	is	the	primary	data	used	in	this	TM.		

Table 1. Concentrations of Grit in Influent Wastewater 

Sampling Date 
Grit Concentration 

(lbs/MG) 

February 3, 2016 (Dry Weather Sample)  4.6 

March 5, 2016 (Dry Weather Sample)  11.2 

March 11, 2016 (Wet Weather Sample)  38.0 
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Figure 1 

Sand Equivalent Size (SES) Distribution of Grit Particles in Influent Samples 

	
Figure 2 

Settling Velocity Distribution of Grit Particles in Influent Samples 
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5.0	Gravity	Pipeline	Operations	
SVCW	may	use	the	Gravity	Pipeline	for	1)	equalizing	dry	weather	diurnal	flows	to	maintain	the	
plant	influent	flow	at	16	million	gallons	per	day	(mgd),	and/or	2)	storing	flows	during	peak	wet	
weather	events	to	keep	the	influent	flow	into	the	plant	below	80	mgd.	Operation	of	the	Gravity	
Pipeline	during	dry	weather	equalization	and	wet	weather	storage	events	will	have	an	impact	on	
the	conveyance	of	grit	down	the	pipeline	to	the	Headworks	Facility.		This	issue	was	analyzed	in	the	
Grit	Migration	TM.			The	findings	of	the	Grit	Migrations	TM	are	discussed	below.		Additional	
considerations	regarding	how	the	findings	of	the	Grit	Migrations	TMS	should	be	used	in	developing	
design	criteria	for	the	Grit	Facility	are	also	presented	below.		

5.1	Grit	Migration	TM	Findings	
The	Grit	Migration	TMs	reported	the	following	findings:	

 Grit	will	settle	in	the	Gravity	Pipeline	when	flow	velocities	in	the	pipeline	are	less	than	2	feet	
per	second	(ft/s).		Grit	that	has	settled	in	the	Gravity	Pipeline	during	low	flow	velocity	
conditions	will	not	be	re‐suspended	until	the	flow	velocity	in	the	pipeline	increases	above	4	
ft/s.	

 When	the	Gravity	Pipeline	is	being	used	for	dry	weather	diurnal	equalization,	the	lower	
portion	of	the	pipeline	will	be	flowing	full.		Under	these	conditions,	the	flow	velocities	in	
lower	portion	of	pipeline	will	be	below	2	ft/s,	causing	grit	to	settle	in	that	portion	of	the	
pipeline.		

 To	flush	out	grit	which	has	settled	in	the	pipeline	during	dry	weather	diurnal	equalization,	
the	pipeline	should	be	periodically	drained	and	allowed	to	flow	freely	(i.e.	not	flowing	full)	
during	times	when	the	flow	into	the	pipeline	is	high	enough	to	produce	a	flow	velocity	of	4	
ft/s.		The	recommended	operation	is	to	allow	the	pipeline	to	flow	freely	for	30	minutes	a	day	
during	periods	of	peak	dry	weather	flows,	anticipated	to	be	20	mgd.			

 If	the	pipeline	is	flushed	once	a	day,	as	described	above,	the	grit	that	has	accumulated	in	the	
Gravity	Pipeline	during	the	24	hours	between	flushings	will	be	conveyed	into	the	Headworks	
Facility	during	the	30	min	flushing	period.	

 During	a	wet	weather	event,	the	RLS	pumps	will	match	the	rate	at	which	flows	enter	the	
Gravity	Pipeline,	up	to	the	maximum	capacity	of	the	pumps	(i.e.,	80	mgd).	When	the	flow	
entering	the	pipeline	is	less	than	80	mgd,	the	pipeline	will	be	free‐flowing	(i.e.	it	will	not	be	
flowing	full).		Under	these	conditions,	the	flow	velocity	in	the	pipeline	will	be	>	2	ft/s	and	all	
grit	entering	the	pipeline	will	be	conveyed	to	the	Headworks	Facility	in	real‐time,	(i.e.,	no	grit	
is	expected	to	accumulate	in	the	Gravity	Pipeline	under	these	conditions).	

 When	the	flow	entering	the	Gravity	Pipeline	rises	above	the	maximum	capacity	of	the	RLS	
pumps	(80	mgd),	the	rate	at	which	flow	is	entering	the	pipeline	will	exceed	the	rate	at	which	
flow	is	being	extracted	from	the	pipeline,	and	the	lower	portion	of	the	Gravity	Pipeline	will	
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begin	to	fill	up.	Under	these	conditions,	the	flow	velocities	in	the	lower	portion	of	the	pipeline	
will	drop	below	2	ft/s,	causing	grit	to	settle	in	the	pipeline.		These	conditions	are	anticipated	
to	occur	for	a	period	up	to	24	hours.	

 After	a	wet	weather	event,	the	Gravity	Pipeline	will	need	to	be	drained	to	free	up	the	storage	
volume	in	the	pipeline	for	the	next	wet	weather	event.		

 The	recommended	draining	procedure	is	to	drain	the	pipeline	rapidly	at	the	beginning	of	the	
draining	procedure	and	then	slowly	near	the	end	of	the	draining	procedure.			This	will	allow	
the	tunnel	to	be	drained	in	a	relatively	short	period	of	time	(<	24	hours),	but	will	limit	the	
peak	grit	load	to	the	Headworks	Facility	to	a	manageable	level.	

 The	specific	recommended	draining	procedure	is	to	drain	the	pipeline	at	a	rate	of	55	mgd	
during	the	beginning	of	the	procedure.		Once	the	pipeline	is	drained	to	the	point	where	only	
1,500	feet	of	the	pipeline	is	flowing	full,	the	draining	rate	should	be	reduced	to	5	mgd	above	
the	rate	at	which	raw	sewage	is	entering	the	pipeline.			

 If	the	draining	procedure	outlined	above	is	followed,	all	the	grit	that	accumulated	in	the	
tunnel	during	the	wet	weather	storage	event	will	be	washed	to	the	Headworks	Facility	during	
a	3‐hour	period	at	the	end	of	the	draining	process.	During	this	period,	the	influent	rate	to	the	
Headworks	Facility	will	be	approximately	20	mgd.	

5.2	Additional	Considerations	
The	Grit	Migration	TM	made	some	assumptions	regarding	design	flows,	pipeline	operations,	and	
grit	characteristics,	to	simplify	the	fairly	complex	issues	being	evaluated	in	the	TM.		The	authors	of	
the	Grit	Migration	TM,	SVCW,	and	CDM	Smith	recognize	that	the	operation	of	the	Gravity	Pipeline	
and	the	behavior	of	grit	in	the	pipeline	may	differ	from	what	is	presented	in	the	Grit	Migration	TM.		
Therefore,	the	following	considerations	should	be	made	in	using	the	findings	of	the	Grit	Migration	
TM	to	develop	design	criteria	for	the	Grit	Facility:	

 Not	all	grit	will	settle	in	the	Gravity	Pipeline	once	the	flow	velocity	in	the	pipeline	falls	below	
2	ft/s.		Therefore,	even	at	low	flow	velocities,	some	grit	will	continue	to	be	conveyed	to	the	
Headworks	Facility.	

 Not	all	grit	that	has	settled	in	the	Gravity	Pipeline	will	be	re‐suspended	once	the	flow	velocity	
in	the	pipeline	reaches	4	ft/s.		Some	grit	will	be	re‐suspended	at	a	lower	velocity	and	some	
will	be	re‐suspended	at	a	higher	velocity.			

 The	manner	in	which	the	tunnel	is	periodically	flushed	during	dry	weather	diurnal	
equalization	operations	could	differ	from	the	recommendations	made	in	the	Grit	Migration	
TM,	as	follows:	
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 The	duration	of	time	that	the	pipeline	is	allowed	to	flow	freely	could	be	changed.		With	a	
very	short	free	flow	period,	it	would	take	several	flushings	for	grit	that	has	accumulated	
in	the	upstream	end	of	the	pipeline	to	reach	the	Headworks	Facility.		This	would	increase	
the	load	of	grit	entering	the	Headworks	Facility	during	each	flushing.		As	the	free	flow	
period	is	increased,	the	load	of	grit	to	the	Headwork	Facility	will	be	reduced	until	the	
point	where	the	free	flow	period	is	long	enough	to	flush	all	the	grit	that	has	accumulated	
in	pipeline	to	the	Headworks	Facility.			

 The	frequency	at	which	the	pipeline	is	flushed	could	be	changed.		If	the	pipeline	is	flushed	
less	than	once	a	day,	the	peak	grit	load	to	the	Headworks	Facility	would	be	increased.		If	
the	pipeline	is	flushed	more	than	once	a	day,	the	peak	grit	load	to	the	Headworks	Facility	
would	be	decreased.	

 The	rate	at	which	the	Gravity	Pipeline	is	drained	after	a	wet	weather	storage	event	storage	
event	could	differ	from	the	recommendations	made	in	the	Grit	Migration	TM.		Draining	the	
pipeline	at	a	lower	rate,	during	any	phase	of	the	draining,	will	decrease	the	grit	load	to	the	
Headworks	Facility,	but	will	increase	the	amount	of	time	it	takes	to	drain	the	pipeline.		
Draining	the	pipeline	at	a	higher	rate,	during	any	phase	of	the	draining,	will	increase	the	grit	
load	to	the	Headworks	Facility,	but	will	decrease	the	amount	of	time	it	takes	to	drain	the	
pipeline.	

5.3	Recommended	Assumptions	
Based	on	the	information	discussed	in	Sections	5.1	and	5.2,	it	is	recommended	that	the	following	
assumptions	be	made	regarding	the	operation	of	the	Gravity	Pipeline	and	the	conveyance	of	grit	to	
the	Headworks	Facility:	

 50%	‐	100%	of	the	grit	in	the	raw	sewage	entering	the	Gravity	Pipeline	could	settle	when	
flow	velocities	in	the	pipeline	fall	below	2	ft/s.	

 During	dry	weather	diurnal	equalization	operations,	the	Gravity	Pipeline	could	be	flushed	
every	1	–	2	days	for	a	period	of	15	–	60	min.	

 Grit	could	accumulate	in	the	Gravity	Pipeline	for	a	period	of	12	–	36	hours	during	a	wet	
weather	storage	event.	

 During	draining	of	the	Gravity	Pipeline	after	a	wet	weather	storage	event,	the	grit	which	has	
accumulated	in	the	pipeline	could	be	conveyed	to	the	Headworks	Facility	over	a	1.5	–	6	hour	
period.	
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6.0	Grit	System	Sizing	Based	on	Grit	Sampling	&	Gravity	Pipeline	
Operation	

6.1	Influent	Flows	
Revised	influent	design	flows	for	the	Headworks	Facility	are	presented	in	Table	2.	The	revised	
design	flows	were	developed	as	follows:	

 As	discussed	in	Section	5.0,	the	Gravity	Pipeline	could	be	used	for	dry	weather	diurnal	
equalization,	which	would	result	in	a	nearly	constant	flow	of	16	mgd	being	delivered	to	the	
plant	during	dry	weather	operations.	

 During	dry	weather	conditions,	the	Gravity	Pipeline	may	be	periodically	drained	and	allowed	
to	flow	freely.		During	these	periods,	the	flow	into	the	Headworks	Facility	would	not	be	
equalized	and	could	be	as	high	as	the	peak	hour	dry	weather	flow	entering	the	pipeline,	
anticipated	to	be	20	mgd.	

 The	Gravity	Pipeline	could	be	used	to	equalize	wet	weather	flows,	resulting	in	a	peak	wet	
weather	flow	of	80	mgd.	

 When	wet	weather	flows	are	not	equalized	in	the	Gravity	Pipeline,	the	peak	wet	weather	flow	
into	the	Headworks	Facility	will	be	equal	to	the	peak	wet	weather	flow	into	the	pipeline,	
which	is	approximately	108	mgd.	

Table 2. Influent Flows

Criteria  Value  Units 

Minimum Dry Weather Flow (MDWF)  mgd  16 

Average Dry Weather Flow (ADWF)  mgd  16 

Peak Hour Dry Weather Flow (PHDWF)  mgd  20 

Equalized Peak Wet Weather Flow (PWWF)  mgd  80 

Un‐equalized Peak Wet Weather Flow (PWWF)  mgd  108 

	
6.2	Grit	Loads	
Revised	grit	loads	for	the	Headworks	Facility	are	presented	in	Table	3.	The	revised	grit	loads	were	
developed	as	follows:	

 The	data	from	the	grit	sampling	discussed	in	Section	4.0	indicated	a	grit	concentration	of	11	
lb/MG	during	dry	weather	conditions	and	a	grit	concentration	of	38	lb/MG	during	wet	
weather	conditions.	These	concentrations	are	much	lower	than	typical	concentrations	
reported	in	MOP‐8	(i.e.,	170	–	790	lb/MG).	Also,	grit	concentrations	can	vary	significantly	
from	day	to	day.	Therefore,	it	is	recommended	that	a	safety	factor	of	two	be	applied	to	the	
grit	concentrations	reported	in	Section	4.0,	resulting	in	the	grit	concentration	design	criteria	
shown	in	Table	3.	
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 The	average	day	grit	load	entering	the	Gravity	Pipeline	shown	in	Table	3,	was	developed	
based	on	the	dry	weather	grit	concentration	(22	lbs/MG)	and	the	average	daily	flow	
(16	mgd).	The	max	wet	weather	day	grit	load	entering	the	Gravity	Pipeline	was	based	on	the	
wet	weather	grit	concentration	(76	lbs/MG)	and	the	peak	wet	weather	flow	(80	mgd).	

 The	peak	hour	grit	load	entering	the	Headworks	Facility	during	dry	weather	was	developed	
based	on	the	following:		

 0.1	–	0.35	tons	of	grit	could	accumulate	in	the	Gravity	Pipeline	between	dry	weather	
flushings.		This	is	based	on	a	minimum	of	50%	of	the	grit	in	the	raw	sewage	accumulating	
over	a	1‐day	period	and	a	maximum	of	100%	of	the	grit	in	the	raw	sewage	accumulating	
over	a	2‐day	period.	

 The	grit	that	accumulates	in	the	Gravity	Pipeline	during	dry	weather	could	be	flushed	to	
the	Headworks	Facility	during	a	15‐minute	to	60‐minute	period	flushing	period.		

 The	dry	weather	flushing	operations,	described	in	the	two	previous	bullets,	would	result	
in	a	Headworks	Facility	influent	grit	load	of	0.1	–	1.4	ton/hr.	

 The	peak	hour	grit	load	entering	the	Headworks	Facility	during	wet	weather	was	developed	
based	on	the	following:	

 0.8	–	4.5	tons	of	grit	could	accumulate	in	the	Gravity	Pipeline	during	wet	weather	storage	
events.		This	is	based	on	a	minimum	of	50%	of	the	grit	in	the	raw	sewage	accumulating	
over	a	12‐hour	period	and	a	maximum	of	100%	of	the	grit	in	the	raw	sewage	
accumulating	over	a	36‐hour	period.			

 The	grit	that	accumulates	in	the	Gravity	Pipeline	during	wet	weather	storage	events	could	
be	conveyed	to	the	Headworks	Facility	in	a	1.5	–	6‐hour	period	during	the	draining	of	the	
pipeline.		

 The	wet	weather	operations,	described	in	the	previous	two	bullets,	would	result	in	a	
Headworks	Facility	influent	grit	load	of	0.1	–	3.0	ton/hr.	

Table 3. Raw Grit Loads – Entering Gravity Pipeline

Criteria  Value  Units 

Raw Grit Concentration, Average 

     Dry Weather  lb/MG  22 

     Wet Weather  lb/MG  76 

Raw Grit Loads – Entering Gravity Pipeline 

    Average Dry Weather Day  ton/d  0.2 

    Max Wet Weather Day  ton/d  3 

Raw Grit Loads – Entering Headworks 
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Table 3. Raw Grit Loads – Entering Gravity Pipeline

Criteria  Value  Units 

    Peak Hour, Dry Weather Draining Event  ton/hr  0.1 – 1.4 

    Peak Hour, Wet Weather Draining Event  ton/hr  0.1 – 3.0 

6.3	Grit	Separator	Basin	Design	Criteria	
As	discussed	in	the	Grit	Removal	and	Grit	Handling	Evaluation	TM,	the	Headworks	Facility	grit	
separator	basins	are	being	designed	based	on	Headcell	units	with	twelve	12‐foot	diameter	trays.	
The	number	of	Headcell	units	required	is	dependent	on	the	flow	being	processed	and	the	desired	
overflow	rate,	or	target	settling	velocity.	Increasing	the	number	of	Headcells	will	reduce	the	amount	
of	flow	being	processed	by	each	unit,	which	will	decrease	the	overflow	rate	in	that	unit	and	allow	
grit	particles	with	lower	settling	velocities	to	be	captured.	

Tables	4	–	6	below	show	the	performance	of	the	Grit	Facility	at	various	flows,	using	various	
numbers	of	Headcell	units.		The	information	shown	in	Tables	4	–	6	was	developed	as	follows:	

 The	total	tray	surface	area	shown	in	each	row	was	calculated	based	on	the	number	of	
Headcells	listed	for	that	row	assuming	each	Headcell	has	twelve	12‐foot	diameter	trays.	

 The	overflow	rate	shown	in	each	row	was	calculated	based	on	the	total	surface	area	and	
influent	flow	rate	listed	for	that	row.	

 The	minimum	settling	velocity	shown	in	each	row	was	calculated	based	on	the	overflow	rate	
listed	for	that	row.	Grit	particles	with	settling	velocities	higher	than	the	maximum	settling	
velocity	would	be	captured	in	the	grit	basin.	Grit	particle	with	settling	velocities	lower	than	
the	maximum	settling	velocity	would	escape	the	grit	basin.	

 The	SES	cutpoint	in	each	row	was	calculated	based	on	the	minimum	setting	velocity	listed	for	
that	row	assuming	a	spherical	grit	particle	with	a	specific	gravity	of	2.65.	

 The	grit	capture	shown	in	each	row	was	determined	by	using	the	settling	velocity	and	SES	
distribution	data	presented	in	Section	4.0	to	determine	how	much	of	the	influent	grit	has	
settling	velocities/SES	lower	than	the	minimum	settling	velocity/SES	listed	for	that	row.		

Table 4. Performance of Grit Separator Basins during Peak Hour Dry Weather Flows (20 mgd)

Headcells 
Tray Surface 

Area 

Performance at PDWF (20 mgd) 

Overflow Rate  Settling Velocity  SES Cutpoint  Grit Capture 

1  1,360 ft2  10 gpm/ft2  1.4 ft/min  95 um1  55% 

2  2,710 ft2  5 gpm/ft2  0.7 ft/min  65 um1  80% 
1Grit handling systems are typically designed for an SES cutpoint of 100um. Therefore, grit particles with an SES < 100um, 
although captured in the grit separator, will typically flow through the grit handling systems to downstream processes. 
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Table 5. Performance of Grit Separator Basins during Equalized Peak Wet Weather Flows (80 mgd)

Headcells 
Tray Surface 

Area 

Performance at PWWF (80 mgd) 

Overflow Rate  Settling Velocity  SES Cutpoint  Grit Capture 

1  1,360 ft2  41 gpm/ft2  5.5 ft/min  205 um  75% 

2  2,710 ft2  21 gpm/ft2  2.7 ft/min  135 um  90% 

3  4,070 ft2  14 gpm/ft2  1.8 ft/min  110 um  96% 

4  5,430 ft2  10 gpm/ft2  1.4 ft/min  95 um1  98% 

5  6,790 ft2  8 gpm/ft2  1.1 ft/min  80 um1  > 99% 
1Grit handling systems are typically designed for an SES cutpoint of 100um. Therefore, grit particles with an SES < 100um, 
although captured in the grit separator, will typically flow through the grit handling systems to downstream processes. 
 	

Table 6. Performance of Grit Separator Basins during Un‐Equalized Peak Wet Weather Flows (108 mgd)

Headcells 
Tray Surface 

Area 

Performance at PWWF (108 mgd) 

Overflow Rate  Settling Velocity  SES Cutpoint  Grit Capture 

1  1,360 ft2  55 gpm/ft2  7.4 ft/min  250 um  65% 

2  2,710 ft2  28 gpm/ft2  3.7 ft/min  160 um  85% 

3  4,070 ft2  18 gpm/ft2  2.5 ft/min  130 um  92% 

4  5,430 ft2  14 gpm/ft2  1.8 ft/min  110 um  96% 

5  6,790 ft2  11 gpm/ft2  1.5 ft/min  95 um1  98% 
1Grit handling systems are typically designed for an SES cutpoint of 100um. Therefore, grit particles with an SES < 100um, 
although captured in the grit separator, will typically flow through the grit handling systems to downstream processes. 

	
The	following	observations	can	be	made	from	the	data	presented	in	Tables	4	–	6:	

 Under	dry	weather	conditions,	1	Headcell	unit	would	capture	grit	with	a	settling	velocity	as	
low	as	1.4	ft/min	(95um	SES),	which	constitutes	55%	of	the	influent	grit.	

 Under	dry	weather	conditions,	2	Headcell	units	would	capture	grit	with	a	settling	velocity	as	
low	as	0.7	ft/min	(65	um	SES),	which	constitutes	80%	of	the	influent	grit.		This	is	a	significant	
improvement	over	the	performance	of	a	single	Headcell	unit	in	terms	of	percent	grit	
captured.		However,	grit	processing	equipment	is	typically	designed	only	to	retain	grit	
particles	with	settling	velocities	above	~1.5	ft/min	(SES	>	100	um).		Therefore,	the	additional	
grit	captured	by	a	second	Headcell	unit	would	not	be	fully	captured	by	the	grit	processing	
system,	and	some	of	the	grit	would	get	introduced	back	into	the	wastewater.		Therefore,	a	
second	Headcell	unit	under	dry	weather	conditions	would	not	significantly	improve	overall	
grit	capture,	without	modification	to	the	grit	processing	system	(e.g.,	additional	grit	
classifiers).	

 Under	equalized	wet	weather	flows,	1	Headcell	would	capture	grit	with	a	setting	velocity	as	
low	as	5.5	ft/min	(205	um	SES),	which	constitutes	75%	of	the	influent	grit.	
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 Under	equalized	wet	weather	flows,	3	Headcells	would	capture	grit	with	a	setting	velocity	as	
low	as	1.8	ft/min	(110	um	SES),	which	constitutes	96%	of	the	influent	grit.		This	is	a	
significant	increase	in	performance	versus	the	performance	of	one	or	two	Headcell	units.		
Therefore,	it	is	recommended	that	3	Headcells	be	installed	for	treating	wet	weather	flows.	

 Under	equalized	wet	weather	flow,	the	grit	capture	rate	does	not	increase	significantly	by	
increasing	the	number	of	Headcells	beyond	three.		Therefore,	installing	more	than	three	
Headcells	is	not	recommended.	However,	it	is	recommended	that	space	be	provided	for	a	
fourth	Headcell	and	additional	grit	processing	facilities	if	at	some	point	in	the	future	it	is	
determined	to	be	necessary.		These	additional	facilities	may	be	needed	if	actual	grit	loads	and	
capture	efficiencies	do	not	match	the	design	values.	

 Under	un‐equalized	wet	weather	flows,	four	Headcells	are	needed	to	achieve	the	same	
performance	as	three	Headcells	under	equalized	wet	weather	flows.		However,	the	Grit	
Facility	will	likely	rarely	have	to	process	un‐equalized.		Therefore,	it	is	not	recommended	that	
additional	Headcells	be	installed	to	process	un‐equalized	wet	weather	flows.	

Based	on	this	analysis,	it	is	recommended	that	the	grit	separators	be	designed	based	on	the	design	
criteria	in	Table	7.	

Table 7. Updated Grit Facility Design Criteria

Criteria  Value  Units 

Type  ‐  Headcell 

Number of Units  ‐  3 

Tray Diameter  ft  12 

Number of Trays  ‐  12 

Target settling velocity @ PWWF  ft/min  1.8 

SES cutpoint at PWWF  µm  110 

Grit Capture @ PWWF  %  >95 

Target settling velocity @ ADWF  ft/min  1.4 

SES cutpoint at ADWF  µm  95 

Grit Capture @ ADWF  %  55 

	
Although	this	TM	recommends	installation	of	three	Headcells,	as	discussed	above,	consideration	
should	be	given	to	installation	of	only	two	Headcells	during	the	next	phase	of	design	of	the	Grit	
Facility.		As	shown	in	Table	5,	two	Headcells	would	capture	up	to	90%	of	the	influent	grit	during	
wet	weather	conditions,	which	is	a	significant	portion	of	the	influent	grit,	and	may	be	an	acceptable	
level	of	performance	for	SVCW.		Installation	of	only	two	Headcells	would	eliminate	some	of	the	
capital	costs	associated	with	the	Grit	Facility.		However,	there	would	be	impacts	to	the	system	
hydraulics	and	the	grit	handling	facilities,	which	may	add	capital	cost	to	the	facility.		These	impacts	
should	be	evaluated	further	during	the	next	phase	of	design.	
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6.4	Grit	Handling		
There	are	no	proposed	revisions	to	the	grit	handling	design	criteria	as	a	result	of	the	information	
presented	above.	The	recommended	grit	handling	design	criteria	are	shown	in	Table	8.		An	image	of	
the	recommended	grit	washing	equipment	is	shown	in	Figure	3.			The	Headcell	grit	separators	
require	a	continuous	underflow	pumping	of	400	gpm.		Therefore,	the	grit	washers	will	need	to	be	
designed	to	receive	a	continuous	flow	of	400	gpm,	as	shown	in	Table	8.	

Table 8. Grit Washer Design Criteria

Design Criteria  Units  Value 

Grit Washer Type  ‐  Cone Washer 

Number, per Grit Separator Basin  ‐  1 per Basin 

Number, total  ‐  3 total 

Flow Capacity  gpm  400 

Flow Capacity  lbs/hr  2,500 

Removal Efficiency    95% of >100µm SES 

Effluent Water Content, Max  %  3% 

Effluent Volatile Solids Content, Max  %  10% 

	

	
Figure 3 

Recommended Grit Washing Equipment 

6.5	Grit	Bins	
There	are	no	proposed	revisions	to	the	grit	bin	design	criteria	as	a	result	of	the	information	
presented	above.	The	recommended	grit	bin	design	criteria	are	shown	in	Table	9.	As	shown	in	
Table	9,	a	10	cubic	yard	dumpster	provides	40	days	of	dry	weather	capacity.	A	smaller	bin	may	be	
adequate,	but	a	10	cubic	yard	dumpster	is	still	recommended.	The	additional	capacity	may	be	
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required	if	actual	grit	loads	and	capture	efficiencies	do	not	match	the	design	values.		It	should	be	
noted	that	the	bins	shown	in	Table	9	are	separate	from	the	screenings	bins	that	will	be	provided	as	
part	of	the	Screening	Facility.	

Table 9. Grit Bin Design Criteria

Design Criteria  Units  Value 

Number  ‐  1 Duty, 1 Standby 

Bin Volume Capacity  yd3  10 

Bin Weight Capacity  tons  8 

Average Dry Weather Daily Load  ton/d  0.2 

Max Wet Weather Daily Load  ton/d  3 

Time to Fill Bin (Dry Weather)  day  40 

Time to Fill Bin (Wet Weather)  day  2.7 

7.0	Historical	Extreme	Event	Grit	Loads	
Former	operations	staff	indicated	that	there	were	occasions	when	up	to	20	tons	of	grit	were	
received	at	the	plant	over	the	course	of	a	single	wet	weather	event.	It	was	also	indicated	that	there	
was	at	least	one	day	when	up	to	60	tons	of	grit	was	received	at	the	plant	over	the	course	of	a	single	
wet	weather	event.	Designing	the	system	based	on	these	grit	loads	would	have	the	following	
implications:	

 Assuming	the	Gravity	Pipeline	were	drained	after	an	extreme	event,	as	described	in	Section	
5.0,	the	peak	hour	grit	load	during	the	draining	process	could	be	as	high	as	40	ton/hr.		This	is	
based	on	60	tons	of	grit	accumulating	in	the	pipeline	during	the	extreme	event	and	the	
accumulated	grit	being	conveyed	to	the	Grit	Facility	in	as	little	as	1.5	hours.	

 If	the	Grit	Facility	were	projected	to	receive	grit	loads	as	high	as	mentioned	in	the	previous	
bullet	(40	tons/hr),	SVCW	staff	would	likely	mitigate	this	impact	by	operating	the	Gravity	
Pipeline	in	a	manner	to	reduce	the	peak	hour	grit	load	to	the	Grit	Facility.		If	the	pipeline	is	
drained	after	an	extreme	event	so	that	accumulated	grit	is	conveyed	to	the	Headworks	
Facility	in	a	minimum	of	6	hours,	the	maximum	peak	hour	grit	load	would	be	reduced	to	10	
tons/hr.	

 The	design	presented	in	Section	6.0	includes	three	grit	washers,	each	with	a	maximum	grit	
processing	capacity	of	1.25	ton/hr,	resulting	in	a	total	grit	processing	capacity	of	3.75	ton/hr.	
The	design	could	be	modified	to	include	grit	washers	with	a	capacity	of	3	tons/hr,	to	increase	
the	total	grit	processing	capacity	to	9	ton/hr.		However,	these	types	of	grit	washers	are	
limited	to	an	inlet	of	250	gpm	and	need	to	be	equipped	with	a	hydrocyclone,	as	shown	
schematically	in	Figure	5,	to	be	able	accept	the	full	underflow	from	the	grit	separators	(400	
gpm).	This	arrangement	would	require	that	the	height	of	the	building	over	the	grit	washers	
be	higher	because	the	hydrocyclones	are	located	on	top	of	the	grit	washers.	The	larger‐
capacity	grit	washer,	the	hydrocyclone,	and	the	taller	building	will	increase	the	capital	cost	of	
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the	Grit	Facility.	Hydrocyclones	are	high‐wear	pieces	of	equipment	and	also	require	a	high	
inlet	pressure,	increasing	the	energy	required	to	pump	grit	out	of	the	grit	basins.	Therefore,	
this	option	would	also	increase	the	O&M	costs	associated	with	the	Headworks	Facility.	

 In	order	to	increase	the	grit	processing	capacity	of	the	Headworks	facility	so	that	it	could	
process	up	to	10	tons	of	grit/hr,	the	design	would	have	to	be	revised	to	include	4	grit	
washers,	each	with	a	capacity	of	3	tons/hr,	and	each	grit	washer	would	have	to	be	equipped	
with	a	hydrocyclone.		This	arrangement	would	add	significant	capital	and	O&M	costs	to	the	
Headworks	Facility.	

 
Figure 5 

Arrangement of Grit Processing Equipment Required for High Grit Loads 

It	is	not	recommended	that	the	Headworks	Facility	be	designed	to	include	the	modifications	
described	above	(i.e.	higher	capacity	grit	washers	with	hydrocyclones	or	additional	grit	washers).		
This	recommendation	is	supported	by	the	following:	

 The	analysis	performed	above	assumes	that	the	full	60	tons	of	grit	that	enters	the	pipeline	
during	an	extreme	wet	weather	event	will	accumulate	in	the	pipeline.		However,	grit	will	not	
begin	accumulating	in	the	pipeline	until	the	flow	in	the	pipeline	exceeds	the	capacity	of	the	
RLS	pumps,	and	the	pipeline	begins	filling	up.		Much	of	the	grit	that	enters	the	pipeline	during	
an	extreme	wet	weather	event	will	have	passed	through	the	pipeline	by	this	point.		This	
means	that	much	less	than	60	tons	of	grit	will	accumulate	in	the	pipeline	during	a	storm	
event	and	that	the	analysis	above	is	very	conservative.	

 During	the	beginning	of	an	extreme	event	when	flows	in	the	Gravity	Pipeline	are	less	than	the	
capacity	of	the	RLS	pumps	(80	mgd),	the	grit	entering	the	pipeline	will	be	sent	directly	to	the	
Headworks	Facility,	i.e.,	will	not	be	stored	in	the	pipeline.		The	rate	at	which	grit	will	be	sent	
to	the	Headworks	Facility	during	these	periods	will	be	approximately	2.5	ton/hr,	assuming	
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the	extreme	grit	loads	described	above	(60	tons/day)	are	delivered	to	the	plant	in	a	24‐hour	
period.		The	grit	handling	equipment	recommended	in	Section	6	has	a	total	capacity	of	3.75	
tons/hr,	which	is	ample	for	the	scenario	when	flows	are	delivered	to	the	Headworks	Facility	
directly,	i.e.,	without	storage	in	the	pipeline.			

 As	mentioned	above,	when	the	Gravity	Pipeline	is	being	drained	after	an	extreme	event,	there	
is	the	potential	of	draining	the	pipeline	in	a	manner	that	would	overload	the	recommended	
grit	handling	equipment.	This	could	be	avoided	by	modifying	the	draining	procedure	to	
increase	the	time	over	which	accumulated	grit	is	delivered	the	Headworks	Facility.	

 If	extreme	grit	loads	to	the	Headworks	Facility	during	were	as	high	as	10	ton/hr,	the	grit	
separator	basins	and	the	grit	removal	pumps	are	expected	to	have	adequate	capacity	to	
process	these	extreme	loads.		However,	the	capacity	of	the	grit	washers	would	be	exceeded,	
resulting	in	the	discharge	of	grit	through	the	grit	washer	overflow	pipes.		During	these	
periods,	the	overflow	from	the	grit	washers	could	be	directed	to	downstream	processes	or	an	
off‐line	storage	basin.		The	grit	that	is	deposited	in	these	locations	could	be	processed	after	
the	extreme	grit	loading	event	has	subsided.	

The	extreme	grit	loads	discussed	above	are	significantly	higher	than	the	grit	loads	determined	
based	on	the	grit	sampling.		This	could	be	the	result	of	the	grit	sampling	being	performed	during	a	
wet	weather	event	which	resulted	in	an	influent	flow	much	lower	than	the	influent	flow	observed	
during	the	extreme	events	described	above.		Therefore,	it	is	recommended	that	additional	wet	
weather	sampling	be	performed	during	the	detailed	design	of	the	Headworks	Facility	to	confirm	the	
peak	hour	grit	loads.	

8.0	Recommended	Approach	&	Design	Criteria	
The	design	criteria	recommended	for	the	Preliminary	Design	of	the	Headworks	Grit	Facility	is	
presented	in	Table	10.	These	design	criteria	were	developed	based	on	the	information	presented	
above.	
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Table 10. Updated Grit Facility Design Criteria

Criteria  Value  Units 

Influent Flows     

Minimum Dry Weather Flow (MDWF)  mgd  16 

Average Dry Weather Flow (ADWF)  mgd  16 

Peak Hour Dry Weather Flow (PHDWF)  mgd  20 

Equalized Peak Wet Weather Flow (PWWF)  mgd  80 

Un‐Equalized Peak Wet Weather Flow (PWWF)  mgd  108 

Grit Loads     

Raw Grit Concentration, Average 

     Dry Weather  lb/MG  22 

     Wet Weather  lb/MG  76 

Raw Grit Loads – Entering Gravity Tunnel 

    Average Dry Weather Day  ton/d  0.2 

    Max Wet Weather Day  ton/d  3 

Raw Grit Loads – Entering Headworks 

    Peak Hour, Dry Weather Draining Event  ton/hr  0.1 – 1.4 

    Peak Hour, Wet Weather Draining Event  ton/hr  0.1 – 3.0 

Grit Separator     

Type  ‐  Headcell 

Number of Units  ‐  3 

Tray Diameter  ft  12 

Number of Trays  ‐  12 

Target settling velocity @ PWWF  ft/min  1.8 

SES cutpoint at PWWF  µm  110 

Grit Capture @ PWWF  %  >95 

Target settling velocity @ ADWF  ft/min  1.4 

SES cutpoint at ADWF  µm  95 

Grit Capture @ ADWF  %  55 

Grit Washer     

Grit Washer Type  ‐  Cyclone Washer 

Number  ‐  1 Washer per Basin 

Flow Capacity  gpm  400 

Flow Capacity  lbs/hr  2,500 

Removal Efficiency (Provided by Manufacturer)    95% of >100µm 

Grit Bins     

Number  ‐  1 Duty, 1 Standby 

Bin Volume Capacity  yd3  10 

Bin Weight Capacity  tons  8 

Time to Fill Bin (Weight)  day  40 
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Draft Technical Memorandum, SVCW Headworks Facility at Front of Plant 
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New Administration and Plant Control Building Project, July 2009, prepared by 
DCM Consulting, Inc. 
  

























































































SVCW Conveyance System Program 
Receiving Lift Station Project Planning Report 

 

 B-7 

RLS PPR-Final-20170331.docx 

 

“Preliminary Characterization of Subsurface Conditions, SVCW Clean Water 
Tunnel – Alignment 4BE, Redwood City, California,” December 2015, prepared 
by Geotechnical Consultants, Inc. 
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“Preliminary Pile Foundation Design Criteria, Peak Flow Diversion Structure,” 
January 2016, prepared by DCM Consulting, Inc  
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“Presentation of Site Investigation Results SVCW Front of Plant Improvements,” 
January 2016, prepared by DCM Consulting, Inc. 
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