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1.0 Introduction 

On June 9, 2011, the Sacramento Regional County Sanitation District (SRCSD) submitted a 
Method of Compliance Work Plan and Schedule for Ammonia Effluent Limitations and 
Title 22 or Equivalent Treatment Requirements (Work Plan). This submittal was required by 
the compliance schedule contained in the waste discharge requirements Order No. R5-2010-
0114 (NPDES Permit) adopted by the Central Valley Regional Water Quality Control Board 
(Regional Board) on December 9, 2010, which imposed new final effluent limitations for 
ammonia1. The NPDES Permit allowed for a period of up to ten years to achieve compliance 
and further required the submittal of annual progress reports by February 1 of each year 
following approval of the Work Plan. The Regional Board approved the Work Plan on July 8, 
2011. (Regional Board Approval Letter, See January 27, 2012 Annual Progress Report).  

In addition, the NPDES Permit required submittal of an Ammonia Pollution Prevention Plan 
which was submitted on December 8, 2011. A Revised Ammonia Pollution Prevention Plan 
(Ammonia PPP) was submitted on November 15, 2012 to address Regional Board comments. 
The Regional Board approved the Ammonia PPP on May 17, 2013. (Regional Board Approval 
Letter and SRCSD Revised Ammonia Pollution Prevention Plan, Appendix A). 

On December 4, 2012, the State Water Resources Control Board adopted an order based on its 
review of Order R5-2010-0114.  As relevant here, the State Water Board prescribed some 
changes in the final ammonia effluent limitations specified in the Regional Board’s Order R5-
2010-0114. SRCSD’s work under the Work Plan has, since that time, assumed that final 
ammonia limitations consistent with those specified by the State Water Board are the applicable 
final limitations. In addition, the NPDES Permit contained new effluent limitations for nitrate. 
The Sacramento Regional Wastewater Treatment Plant currently complies with those 
limitations, and the compliance activities below assume the need to comply with both the 
applicable ammonia and nitrate limitations. 

Since approval of the Work Plan, steps toward compliance have been made. Also, the 
Sacramento Superior Court has entered orders having the effect of shifting the “due date” for 
ultimate compliance and various steps toward compliance. The controlling order was issued by 
the Superior Court on May 6, 2013. The updated deadlines with respect to compliance with 
Ammonia effluent limitations resulting from the Court’s order are noted in Table 1 below. The 
annual progress report required by Provision VI.C.7.b and Reporting Requirement X.D.1 of the 
NPDES Permit (i.e. Compliance Schedule for Final Effluent Limitations for Ammonia), which 
was due by February 1 of each year, is now due by July 13 of each year. Also in a Partial 
Settlement Agreement, the SRCSD stated that it will post on the SRCSD’s website a second 
progress report on or before February 1 of each year until completion of the nutrient reduction 
facilities has occurred. Further, the annual progress report required by Provision VI.C.7.a and 
Reporting Requirement X.D.1 of the NPDES Permit (i.e. Compliance Schedule for Title 22, or 
Equivalent, Disinfection Requirements) that was due by February 1 of each year is now due on 

                                                 
1 The Regional Board amended the NPDES Permit by Order R5-2011-0083 on December 1, 2011. Those 
amendments do not affect any of the requirements discussed in this report. 
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July 9 of each year starting on July 9, 2014. This progress report is submitted to satisfy 
Provision VI.C.7.b and Reporting Requirement X.D.1 of the NPDES Permit, and will be posted 
as stated in the Partial Settlement Agreement.  

On February 27, 2013, the SRCSD Board approved a project name for the Advanced 
Wastewater Treatment Plant (AWTP) to be used in external communications. It is challenging 
to get the public’s attention for wastewater issues and the SRCSD seeks to educate its 
customers about the AWTP project, its drivers and the associated costs. Branding of the AWTP 
project will help with these types of communications during the next several years through 
project completion. Through these branding efforts the SRCSD will continue to engage and 
educate customers to increase their understanding of the project and the rationale for future rate 
increases. The SRCSD Board selected the name “EchoWater Project”. The SRCSD is currently 
transitioning to use this project name in future communications and correspondence regarding 
the AWTP project. 

2.0 Overall Compliance Schedule 

The following compliance schedule for Ammonia Effluent Limitations is listed in Table 1 
below: 

Table 1. Compliance Schedule for Ammonia Final Effluent Limitations 
Task Relevant Dates 

i. Submit Method of Compliance Workplan/ Schedule Due Date: 9 June 2011 
Date Submitted: 9 June 2011 
Date Approved: 8 July 2011 
 

ii. Submit and Implement Pollution Prevention Plan for 
Ammonia 

Due Date: 9 December 2011 
Date Submitted: 8 December 2011 
Revised Plan Submitted: 15 November 2012 
Date Approved: 17 May 2013 

iii. Progress Reports  Progress report required by permit due 13 July, annually1 

iv. Begin CEQA process for Compliance Project Due Date: 19 May, 2015 
Process Initiated: 22 August 2012 

v. Begin Construction of Compliance Project Due Date: 19 May 2018 
vi. Full Compliance Due Date: 11 May 2021 
1The District will prepare an additional report annually, to be posted on the District’s website on or before February 1 
of each year, beginning in 2014. This additional report is not required by the NPDES Permit, but the result is that there 
will be two progress reports annually. Both will be posted on the District’s website but only the report required by 
July 13 will be transmitted directly to the Regional Board. 

 
Installation of advanced treatment technologies is needed to meet the Ammonia Effluent 
Limitations. To construct advanced treatment technologies, SRCSD identified other major 
activities including: 

• Treatment Technology Identification - Completed 

• Pilot Study Implementation 

 Phase 1 - Treatment Technology Selection - Completed 
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 Phase 2 - Design Criteria Optimization - Planning in progress 

 Phase 3 - Process optimization and operator training – To follow Phase 2. 

• Establishment of the Program Management Office (PMO) - Completed 

• Select treatment technologies for environmental review, design, and implementation - 
Completed 

• Design full scale treatment systems (for nutrient reduction) - In progress 

• Environmental analysis - In progress 

• Construction Phase - In planning 

• Startup and Commissioning - In planning 
 

3.0 Progress towards Compliance 

The following is a summary of the various activities associated with complying with the 
Ammonia Effluent Limitations. The summary provided here constitutes the Progress Report as 
required by the NPDES Permit at Provision VI.C.7.b, and provides the information the District 
stated that it would provide on a semi-annual basis, in the Partial Settlement Agreement.  

3.1 Ammonia Pollution Prevention Plan 

As stated in the revised Ammonia PPP, domestic waste contributes the majority of ammonia in 
the treatment plant influent. Most of the ammonia found in domestic waste is derived from 
urea, which breaks down rapidly to ammonia in the wastewater conveyance system. Therefore, 
the primary source of ammonia to the sewer system is considered uncontrollable. The measured 
average influent ammonia concentration was 33 parts per million (ppm) for the period January 
to July 2013.  

SRCSD has continued, through its pretreatment program, to regulate existing or new point 
source discharges of ammonia through the wastewater discharge permit process. Two identified 
point sources of ammonia are Agrium U.S. Inc., a manufacturer of fertilizer and AMPAC Fine 
Chemicals, a manufacturer of pharmaceuticals. Both facilities are regulated under a wastewater 
discharge permit issued by the SRCSD Wastewater Source Control Section, and permits for 
both contain specific numerical limits on ammonia. Both facilities have maintained consistent 
compliance with permit limits and based on monitoring, discharge a combined total averaging 
less than 20 pounds of ammonia per day, or 0.06 percent of the daily influent load. No new 
point source discharges have been identified since submittal of the revised Ammonia PPP.  

SRCSD will continue to regulate the existing point source dischargers of ammonia and will 
screen potential new point source dischargers for the presence of ammonia in their discharge. 

Further, SRCSD has implemented interim operational changes, namely the cessation of solids 
storage basin (SSB) flushing since May 2009, which has resulted in reductions in effluent 
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ammonia discharged to the river by approximately 10 percent. The SRCSD is committed to 
continuing those interim operational changes as long as feasible, pending any process concerns 
that may develop due to algal blooms, odor generation or struvite accumulation. Short term 
sporadic flushing may be implemented during winter when impacts to the aquatic life are 
minimal. SRCSD continues to implement the cessation of SSB flushing and no flushing 
occurred this past winter. 

3.2 Treatment Technology Identification and Pilot Study Implementation 

The results from the Treatment Technology Identification process were used to develop site 
specific requirements for pilot testing of treatment processes to meet final effluent limitations 
for ammonia and Title 22, or equivalent treatment requirements. The Treatment Technology 
Identification effort identified that the processes expected to meet final ammonia effluent 
limitations must be tested concurrent with the various technologies expected to meet specific 
disinfection requirements (see Figure 1).  

 

 
 

Figure 1. Identified Technologies Configuration 
 

The goal of Phase 1 of the Pilot Study was to select treatment process technologies and to 
validate the identified technologies’ ability to reliably meet the new permit requirements. 

As of submission of this progress report, Phase 1 of the Pilot Study has been completed. The 
systems were operated and data collected for 10 months concluding in March 2013. A report 
has been finalized that evaluates the operational data and recommends the treatment 
technologies that can be carried forward for full scale design.  
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3.3 Treatment Technologies Selection  

Based on the Phase 1 Pilot Study results, additional evaluations of the recommended treatment 
technologies have been conducted by the Program Management Office (PMO) that takes into 
account capital costs, operational costs, and risk as well as performance. Based on these 
evaluations, the preferred treatment train selected for design includes biological nutrient 
removal via an air activated sludge process (BNR), granular media filtration, and liquid 
chlorine for disinfection. Accordingly, the BNR process is being carried forward for full scale 
design in advance of CEQA approval to meet the permit schedule requirements. 
Implementation (i.e., construction of the BNR process) would occur upon completion of 
design, assuming that compliance with CEQA has been achieved. 

3.4 Design of Treatment Systems 

Following completion of basis of design reports by the PMO, final design consultants will be 
procured to provide pre-design and full scale designs of various individual treatment systems. 
Table 2 lists the major EchoWater Projects for meeting nutrient related (i.e., final ammonia and 
nitrate) limitations. Major design projects are those with a design contract in excess of 
$1 million. Dates in bold are actual dates of accomplishment. Other dates are planned dates. 
Additional project information is included in Appendix B. 

Table 2. Major EchoWater Projects 

Major Project 
Design Contract 

Award 
Construction 

Contract Award 
Construction 
Completion 

Biological Nutrient Removal 22 Feb 2013 25 Jan 2016 28 Sept 2020 
Flow Equalization 28 Aug 2013 11 Feb 2015 11 Jan 2017 
Primary Effluent Pumping Station 13 Nov 2013 24 Feb 2017 03 Feb 2020 
RAS Pumping System 22 Jan 2014 16 Sept 2016 15 Jan 2020 
Building Relocations 25 Sep 2013 27 Feb 2014 29 Jan 2015 
Site Preparation 17 Apr 2014 13 Mar 2015 25 Aug 2015 
Electrical Main Substation Expansion 08 Jan 2014 21 Jul 2015 01 Mar 2017 

 
3.5 Environmental Analysis 

The CEQA process was initiated on August 22, 2012 and is expected to be completed 
(including required permits) by January 2015. Project descriptions have been completed and 
alternatives identified. Effluent quality projection models are in development. The Draft EIR is 
scheduled to be issued for public review on January 3, 2014. The Final EIR is scheduled to be 
issued on July 11, 2014. 

3.6 Construction Phase 

Construction of treatment facilities is expected to begin by the first quarter of 2015 and 
continue through September 28, 2020.  
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3.7 Startup and Commissioning 

Startup and commissioning for each project will occur as major treatment processes are 
completed and existing processes are cut over as required. Additional time is required to start 
up and commission the new facilities to ensure stable process operation. Additionally, an 
overall commissioning period is required to operate the individual projects together as a 
system. The District is defining full compliance as completion of this phase of the project. This 
phase is anticipated to be completed by the dates shown in the overall compliance schedule. 

3.8 District Project Acceptance 

This milestone of the project is a contractual step to formally close out the construction project 
and is subject to a SRCSD Board action. Treatment facilities will have already been 
commissioned and will be fully operational. This date is subject to the nearest Board meeting 
after all contractual issues have been resolved and is not the measure of full compliance. 

4.0 Schedule 

The schedule remains aggressive and it is a challenge to meet the May 11, 2021 compliance 
date. The early start of the CEQA process (prior to NPDES permit schedule requirements), and 
procurement of full scale design consultants that are in progress prior to completion of the 
CEQA process, demonstrates the District’s efforts to advance the compliance project to the 
extent practicable. District staff will continue to evaluate any means that it identifies by which 
compliance could, without significant cost or risk, be achieved by the formerly-applicable 
December 2020 compliance date. 

A planning level schedule is included in Appendix C showing major projects required to 
comply with the final effluent limitations for ammonia as well as the nitrate limitations. The 
schedule developed at this planning stage of the EchoWater Project shows completion of 
startup and commissioning of the BNR project on December 31, 2020.  

5.0 Appendices 

A. Regional Board Approval Letter and SRCSD Revised Ammonia Pollution Prevention 
Plan Nov 15, 2012  

B. Status of Nutrient Reduction Projects  

C. Workplan Schedule for Nutrient Reduction 
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Introduction 

On December 9th, 2010 the Sacramento Regional County Sanitation District (SRCSD) was issued 

a revised National Pollutant Discharge Elimination System Permit (NPDES permit). The NPDES 

permit (Section VI.C.7.b.) requires, in part, submittal of a compliance work plan and schedule as 

well as a pollution prevention plan addressing ammonia compliance. SRCSD submitted a 

Compliance Work Plan and Schedule for Ammonia Effluent Limitations and Title 22 or 

Equivalent Treatment Requirements, (hereafter Work Plan) dated June 9, 2011 which was 

approved by the Central Valley Regional Water Quality Control Board (Regional Board) on July 

8, 2011. The Work Plan outlined SRCSD’s method of compliance and schedule for meeting the 

NPDES permit limitations for ammonia and nitrate which requires implementation of advanced 

wastewater treatment at the Sacramento Regional Wastewater Treatment Plant (SRWTP). 

Compliance with the nitrogen limitations is anticipated by May 2021, following an aggressive 

schedule including a site-specific pilot study, design of selected treatment technology, 

construction, startup and facility commissioning. At the date of this report, SRCSD is currently 

operating Phase I of its pilot study facilities which began operation in April 2012 and is 

scheduled to conclude in March 2013. Design, construction, and commissioning of the full plant 

facilities will begin immediately thereafter. 

The NPDES permit adopted an in-permit compliance schedule with interim nitrogen compound 

limits. These interim limits are in effect until May 2021. The NPDES permit requires submittal of 

an ammonia pollution prevention plan (PPP) following CWC section 13263.3(d)(3). These plans 

typically address areas where pollution prevention could assist the discharger in achieving 

compliance primarily through reduction or control efforts directed at sources contributing a 

constituent to the influent of the treatment plant. The primary source of ammonia in the 

SRWTP influent is human waste and, therefore, not amenable to standard source reduction or 

pollution prevention efforts. However, the NPDES permit specifies under Section VI.C.1.m, “the 

Discharger is required in the Pollution Prevention Program to evaluate means of reducing 

effluent ammonia concentrations in the interim until compliance with final Ammonia effluent 

limitations can be attained.” The NPDES permit also specifies under Section VI.C.7.b, “the PPP 

shall include an evaluation of methods for reducing effluent ammonia concentrations through 

treatment process optimization, eliminating high ammonia side streams, etc.” 

 

This report details SRCSD’s efforts to implement a pollution prevention plan for ammonia. 

Further, this report presents an evaluation of treatment plant optimization as an interim 

measure and the feasibility of eliminating high ammonia side streams. This report has been 

revised to address questions raised by the Regional Board in its August 24, 2012 letter 

(Comment letter) requesting information on side-stream treatment options and water 

recycling.  In addition, this report includes an update on the cessation of Solids Storage Basins 

(SSBs) flushing. 
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Ammonia Monitoring History 

The following graph (Figure 1) presents annual average influent and effluent ammonia 

concentrations measured at SRWTP since 2001.  

Figure 1: Annual Average Influent and Effluent Ammonia Concentrations 

 

The influent and effluent concentrations closely parallel each other; however, the influent 

concentrations average approximately 3 mg/L higher due to nitrogen uptake for cell mass 

growth taking place in the secondary system. It is noted that the influent concentration of 

ammonia as measured does not represent the true concentrations of raw wastewater from the 

collection system owing to the introduction of return flows. However, the influent 

concentration is similar to that determined by residential monitoring during the same time 

period as would be expected since domestic wastewater is the primary source of ammonia to 

the influent.  

Ammonia concentrations demonstrate a general upward trend from 2001 to 2007, presumed to 

be related to general growth within the service area, followed by a leveling off until 2010 when 

the trend was reversed owing to interim operational changes implemented at SRWTP. These 

changes will be discussed in detail in the following sections of this report.  

Sources of Ammonia 

Typically, to develop an effective source reduction or control program, a firm understanding of 

potential sources of the constituent of concern is needed. Once sources have been identified, 
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strategies for reduction can be evaluated allowing for the appropriate allocation of resources. 

For instance, reduction or elimination of an identified non-domestic point source can prove to 

be a cost effective measure when compared to the resources needed to implement a public 

outreach program directed at a diffuse domestic source. Both approaches, whether reduction 

from a non-domestic identified point source or diffuse domestic source, presuppose that the 

pollutant is introduced either by way of a manufacturing byproduct or from household use and 

therefore potentially amenable to reduction at the source. This section discusses ammonia 

sources from the collection system to SRWTP.   

Domestic Wastewater 

Ammonia is a primary constituent of human waste and, therefore, differs from most pollutants 

of concern (for example, heavy metals, pesticides, or toxic organics) when evaluating source 

reduction opportunities. Most of the ammonia found in domestic waste is derived from urea 

which breaks down rapidly to ammonia in the wastewater conveyance system. Therefore, the 

primary source of ammonia to the sanitary system is considered “uncontrollable”. 

Ammonia concentration in untreated domestic wastewater is reported as ranging from 12 to 45 

parts per million (ppm) with an average or medium strength of 25 ppm (Metcalf & Eddy; 

Wastewater Engineering Treatment and Reuse, 2003).     

SRCSD has conducted numerous residential wastewater sampling events over the years and, 

since 2004, has included ammonia as a measured constituent of concern. Residential 

monitoring events which included sampling for ammonia have taken place in 2004, 2005, 2008, 

and 2011. The number of locations varied in each event, depending on available resources; 

however, an effort was made to select a cross section of residential areas with a mix of socio-

economic diversity. Areas selected are composed of domestic sources only and exclude 

discharges from commercial or industrial sources. Sampling typically occurred during the dry 

season in an effort to preclude infiltration or inflow. The range of ammonia concentrations for 

all events is 18 – 38 ppm with an overall average concentration of 27 ppm. This concentration is 

comparable to the measured influent concentration determined during the same time period 

and supports the contention that domestic waste contributes the majority of ammonia in the 

influent. 

The following table (Table 1) summarizes the results of residential sampling programs for 

ammonia, presented in parts per million (ppm).  
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Table 1: Residential Sampling Ammonia Results (ppm) 

Location Year 

 2004 2005 2008 2011 

Antelope 28 27 31 37 

Arden Park  22 24  

Laguna 29 31   

Northgate  20 21 30 

Orangevale  19 23  

West Sacramento   26  

Average 28 26 25 33 

 

Besides the contribution of ammonia from human waste (urine and feces), other potential 

sources are ammonia-based household cleaners and ammonia formation from food solids 

disposed in wastewater. However, these sources are relatively small in comparison to the 

human waste contribution (EPA design manual, Onsite Wastewater Treatment and Disposal 

Systems, Publication 625, 1980).     

Non-domestic Sources 

SRCSD has classified dischargers as falling under the industrial pretreatment program if the user 

is required to obtain a wastewater discharge permit. Permits have been issued to businesses if 

the discharge meets any of the following criteria: 

 Discharges greater than 25,000 gallons per day of process water or wastewater 

containing 38 pounds per day of total suspended solids or biochemical oxygen demand; 

 Classified as a categorical user under the Federal pretreatment program; or 

 Discharges wastewater that has a reasonable potential to adversely affect SRCSD 

conveyance or treatment facilities. 

Currently, there are 101 users permitted under the SRCSD pretreatment program. These range 

from large food processors (Campbell Soup) discharging millions of gallons per day to small job 

shop metal finishing operations discharging less than 1,000 gallons per week. In addition, SRCSD 

has established permit programs to regulate liquid waste haulers (septage, grease, and portable 

toilet waste), dry cleaners, surface cleaners, discharge from groundwater remediation activities, 

and, on a case-by-case basis, discharges of a temporary nature. A complete description of the 

SRCSD programs can be found in the 2010 Annual Pretreatment Report located on the internet 

at: http://www.srcsd.com/wscs.php.    

Through the pretreatment program, SRCSD had historically identified two point source 

industrial discharges of ammonia: 1) Agrium U.S. Inc, a manufacturer of fertilizer and 2) AMPAC 

Fine Chemicals, a manufacturer of pharmaceuticals. Both facilities are regulated under a 

wastewater discharge permit issued by the SRCSD Wastewater Source Control Section (WSCS) 

under the pretreatment program. The permits contain specific numerical limits on ammonia. 
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Both facilities have maintained consistent compliance with permit limits and based on 

monitoring discharge, a combined total of an average of less than 20 pounds of ammonia per 

day.   

Historically, WSCS had conducted monitoring for ammonia on select industrial dischargers. 

However, in 2011 a dedicated effort was initiated to sample all permitted industrial users to 

obtain a comprehensive summary of the industrial contribution of ammonia.    

Results of this sampling program have demonstrated that the industrial community discharges 

a combined total of less than 133 pounds per day of ammonia from process wastewater. 

Excluding the two users already regulated for ammonia discharge (Agrium, AMPAC), the total 

amounts to about 113 pounds per day. This compares to an influent loading of over 30,000 

pounds per day suggesting minimal opportunity for any additional source control efforts 

directed at the industrial community. 

Efforts to Reduce Ammonia   

Regulatory Approach (Nondomestic discharges) 

Traditionally, control of pollutants entering the sewer has been managed through industrial 

pretreatment programs. SRCSD’s pretreatment program, administered by the Wastewater 

Source Control Section (WSCS), has been in effect since the early 1980s. The pretreatment 

program authority is detailed in the SRCSD Consolidated Ordinance and Enforcement Response 

Plan. WSCS fully implements the requirements of the Federal and State pretreatment programs 

for the control of discharges from non-domestic sources.   

The primary control mechanism applied is the issuance of wastewater discharge permits. SRCSD 

has the authority to issue permits with specific limits and/or the requirement to apply best 

management practices. As detailed above, SRCSD has identified and established discharge limits 

on the only nondomestic point source discharges of ammonia in the service area. Sampling has 

confirmed that the remainder of the permitted industrial community is discharging less than 

0.4% of the influent ammonia. SRCSD will continue, through its pretreatment program, to 

regulate existing or new point source discharges of ammonia through the wastewater discharge 

permit process.  

Implementation of the pretreatment program requires an on-going inventory of all business 

with the potential for discharging nondomestic wastewater. SRCSD screens commercial 

businesses for the potential of discharging pollutants of concern and the need to issue a 

wastewater discharge permit. This process has not identified any single facility or classification 

of commercial users with the potential for point source discharge of ammonia. The majority of 

wastewater discharged from the commercial community is domestic in nature. 
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Non-regulatory Approach  

SRCSD has extensive experience implementing successful education and outreach programs 

with on-going efforts in the area of mercury, pesticides and waste pharmaceuticals. These 

pollutants, however, lend themselves to domestic source reduction efforts since their sources 

can be traced to specific applications and uses that may result in a wastewater discharge to the 

sewer and therefore could be targeted. The primary source of ammonia in domestic waste is 

from human waste and hence considered uncontrollable. Other sources of ammonia (for 

example, household cleaners) are considered minor in comparison to human waste. SRCSD has 

learned through experience that to be effective, considerable resources must be expended in 

order to reach and potentially change the habits of a population as wide and diverse as that 

served by SRCSD and success is not guaranteed. In light of the fact that SRCSD must achieve 

compliance with ammonia limits in accordance with the applicable NPDES time schedule and 

the foreseeable results of an education program, it is not considered an appropriate allocation 

of resources to pursue a public education program not anticipated to yield appreciable 

reductions in influent ammonia.  

Treatment Process Optimization 

In addition to evaluating potential source reduction opportunities for ammonia as discussed 

above, the NPDES permit requires, as a component of the pollution prevention plan, an 

evaluation of reducing effluent ammonia concentrations on an interim basis through current 

treatment process optimization. In its Comment letter, the Regional Board requested 

information on options for treatment process optimization. As detailed in this report, ammonia 

loads to SRWTP come primarily from domestic wastewater, resulting from human waste. A 

secondary source, about 20%, comes from treatment plant residuals processing reject water 

that is recycled to the plant influent. The resulting combined ammonia load represents the total 

ammonia load to the SRWTP. 

Prior to issuance of the 2010 permit, SRWTP had not been required to limit discharge of 

nitrogen species. The high purity oxygen activated sludge (HPOAS) biological treatment process 

used at SRWTP is a high rate process, very effective at removing the conventional pollutants 

BOD and TSS, but is not conducive to nitrogen removal due to the inherent low operating pH 

and low mean cell residence time (MCRT) required to operate the system. To accomplish 

nitrogen removal at SRWTP, the HPOAS process will have to be replaced with a 

nitrifying/denitrifying conventional air activated sludge treatment process.   

Nitrification, the biologically mediated oxidation of ammonia to nitrate, is a naturally occurring 

process that is incorporated into biological nitrification wastewater treatment processes. The 

microorganisms that mediate nitrification are relatively slow growing bacteria that require 

optimum environmental conditions to flourish. They require ample dissolved oxygen in the 
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water, pH above 7.0, and adequate time in the system to produce a sustainable population. 

Because nitrifying microorganisms are relatively slow growing with respect to other organisms 

comprising the consortium of biomass, they are easily washed out of the system unless waste 

rates are low enough to create an MCRT that exceeds four days. When the environmental 

conditions are right for nitrifying organisms to flourish, ammonia is effectively oxidized to 

nitrate. The resulting nitrate can be reduced to nitrogen gas in a subsequent denitrification 

process. 

As stated above, the HPOAS system is not conducive to nitrification. HPOAS reactors are 

covered to retain high purity oxygen in the gas headspace above the water line. The covers also 

prevent the CO2 that results from BOD oxidation from escaping to the atmosphere. The trapped 

CO2 increases the partial pressure of CO2 in the headspace gas, increasing the concentration of 

CO2 dissolved in the water and driving the pH down. When the pH drops below 7.0, the 

environment becomes toxic to nitrifying organisms and nitrification stops. The covered reactors 

also trap surface foam that results from Nocardioform, a filamentous microorganism common 

in the activated sludge biomass consortium. The trapped foam serves as a continuous seed 

source for these organisms, which cause foaming problems that can overwhelm an activated 

sludge process leading to process upsets and discharge violations. Foaming is controlled by 

operating the HPOAS process at a low MCRT (about 1.8 days). The low MCRT is effective at 

controlling foaming, but is far too low to achieve nitrification. 

Due to the inherent limitations of the HPOAS process to accomplish nitrification, the system 

must be replaced with a nitrifying/denitrifying air activated sludge process for SRWTP to comply 

with the 2010 NPDES permit nitrogen limits. Until that major facilities project is completed, 

SRWTP cannot reduce the ammonia in its effluent through biological nitrogen removal 

treatment of the main plant flow. 

Because ammonia reduction cannot be accomplished through treatment process optimization 

of the HPOAS process, SRWTP staff focused their efforts on reducing the ammonia load from 

the SSB flushing.  

Solids Storage Basin (SSB) Flushing 

Since all ammonia in influent to SRWTP passes through the plant untreated, reducing the load 

to the plant from the side streams can reduce the plant effluent ammonia. 

There are two side streams at SRWTP that contribute high ammonia load to the plant influent, 

supernatant from the solids storage basins (SSBs) and centrate from the biosolids recycling 

facility (BRF). The SSBs are biological, facultative lagoons used to further stabilize anaerobically 

digested residual solids prior to disposal in lined, dedicated land disposal units. The stabilization 

process in the SSBs converts organic nitrogen contained in the digested solids to ammonia, 

which is retained in the supernatant layer of the stratified lagoon. Accumulation of ammonia 
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and other constituents in the supernatant has the potential to reduce growth of the naturally 

occurring algal biomass in the lagoons and to induce formation of struvite, a nuisance mineral 

scalant. The algal biomass photosynthesizes and helps maintain dissolved oxygen in the 

supernatant, an important condition to prevent odor generation from the SSBs.  Prior to May 

2009, the SSBs were continuously flushed with secondary effluent to maintain the health of the 

algal biomass, control odor generation in the lagoons, and prevent buildup of struvite 

constituents on equipment and piping. The ammonia-laden supernatant, displaced by the 

regular solids feed to the SSBs, and the flushing water returns to the plant influent. 

In May 2009, SRWTP staff eliminated SSB flushing to reduce the ammonia load to the plant 

from the SSB supernatant. Eliminating SSB flushing retains more ammonia in the SSBs where it 

is nitrified or volatilized, and also retains other constituents. The cessation of SSB flushing has 

reduced the ammonia load to the plant by approximately 10%. It has also significantly increased 

the risk of odor generation and struvite scale accumulation.  

The Regional Board noted in its Comment letter that despite the risks the SRCSD should 

continue with the operational change, namely cessation of flushing of the SSBs and continue 

the associated effluent ammonia reduction.  It should be noted that even with cessation of 

flushing, some ammonia-laden water from the SSBs is returned to the headworks.  This is 

primarily due to the design of the SSB system where the hydraulic loading of the SSBs flows by 

gravity to the headworks once certain water levels are achieved in the SSBs.  As discussed 

previously, cessation of flushing carries operational risk to the SSB treatment process, which 

the SRWTP operational staff is monitoring closely.  Risks include increased potential for odor 

generation due to increase concentration of ammonia and organic compounds in the SSBs, 

deleterious effects of salt and organic compound concentration on algal populations 

responsible for maintaining aerobic conditions in the surface layer of the SSBs, and increased 

struvite formation, which fouls mechanical equipment and obstructs piping. 

Although the increased constituent concentrations in the SSBs appear to be stressing the sludge 

stabilization process, SRCSD will continue to operate SSBs without flushing for as long as 

feasible to maintain the 10% effluent ammonia reduction unless it puts the treatment 

processes at risk of failure.  Monitoring has revealed that ammonia concentrations in the SSBs 

are approaching the higher concentrations coming from the digesters, resulting in significant 

stress to the algal population in the SSBs, increased equipment maintenance problems caused 

by struvite formation, and increased odor generation from the SSBs.  In addition, the increased 

ammonia concentrations in the SSBs hold the potential for slug loads of ammonia returned to 

the plant during large rainfall events.  Continuing with the flushing cessation program is a 

balancing act between maintaining minimal (or marginal) ammonia discharge reduction to the 

Sacramento River and protecting treatment process assets at the SRWTP. 
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SRCSD is continuing with the cessation of SSB flushing to reduce ammonia discharge.  To 

protect treatment assets and to keep the flushing cessation program sustainable, treatment 

processes will be monitored closely and strategic short term flushing may be implemented, 

when needed.  Any flushing will be planned to occur during the winter season when potential 

impacts of additional ammonia discharge will be minimal due to low water temperatures, high 

river flows, and dormancy of phytoplankton in the Delta.  By proactively flushing, as needed, 

during the winter season, SRCSD can best ensure ammonia loads can be minimized during the 

spring and early summer, the most critical period for Delta phytoplankton blooms, an issue that 

has formed the basis for Regional Board concern regarding ammonia discharge.  SRCSD is 

committed to efforts to reduce the ammonia discharge to the Sacramento River, while 

accepting increased risks to its treatment processes and increased costs as part of that 

commitment. 

Side Stream Treatment 

Another alternative that has been considered is construction of side stream nitrification 

facilities to reduce the ammonia load returned to the plant from the side streams.  

The in-plant return side streams that could be treated include a combination of SSBs 

supernatant, SSBs overflow, Designated Land Disposals (DLDs) leachate, BRF return, and Water 

Recycling Facility (WRF) backwash. The in-plant wastewater and additional Dissolved Air 

Floatation Thickening (DAFT) return loads would not be treated by the in-plant return side 

stream treatment at SRWTP. These two streams were not considered because their drains are 

located away from the treatment facility and their ammonia loads are relatively small. DLD 

surface runoff would also not considered because flows are large and infrequent and because 

ammonia loads are relatively small. 

It is estimated that side stream treatment of the SSBs supernatant, BRF return and WRF 

backwash has the capability to reduce effluent ammonia discharge by an additional 10%. Design 

consultants, knowledgeable about SRWTP treatment facilities and wastewater characteristics, 

evaluated six side stream nitrification alternatives and developed life cycle costs for each 

alternative. Details on these alternatives are included in Appendix A - Side Stream Treatment 

Technical Memorandum. Salient aspects of the technical memorandum are summarized here: 

Six side stream alternatives evaluated include: 

1. Deammonification (DEMON®) process 

2. Nitrifying sequencing batch reactor (NSBR). 

3. Nitritation process 

4. Membrane bioreactor (MBR) to treat 20 dry tons/day from BRF 
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5. MBR to treat 71 dry tons/day (changed this option to MBR treatment of side 

stream flows from SSBs, DLDs leachate, and BRF return) 

6. Operation of the Advanced Treatment Technology Pilot facility for partial side 

stream flows 

 The costs, feasibility and achievable ammonia reductions for each alternative are presented in 

tables below. The total net present value of alternatives range from $5.5 M to $50 M based on 

operations of each technology if constructed. All technologies evaluated would reduce 

ammonia by a 10% except for the re-purposing of the current pilot facility (Alternative 6) which 

would remove only 2 to 3%. Detailed descriptions, scheduling, technology feasibility and cost 

estimates are provided in the Appendix A. 

Table 2: Cost of Technologies, Duration of Operation and Percent Reductions 

Alternative Total Net Present 

Value, 2012 Dollars, 

($ Million) 

Potential 

Operating 

Duration, 

(Years) 

Additional Percent 

Ammonia 

Concentration 

Reduction in SRWTP 

Discharge (%) 

1 – DEMON® 31.6 5.00 10 

2 – NSBR 46.9 5.25 10 

3 – Nitritation 36.9 5.25 10 

5 – MBR 50.1 5.00 10 

6 – ATTP 5.5 3.08 2 – 3 
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Table 3: Treatment Technology Economic and Non-Economic Comparison (In Order of Ascending NPV) 

Alternative Total Net 

Present 

Value, 2012 

Dollars, 

($ Million) 

Technology 

Status 

Footprint Alternative 

Effluent Nitrogen 

Species 

Chemical 

Addition 

Requirements 

1 – DEMON® 31.6 Emerging * Smallest About 85% as 

N2(g); About 15% 

as Nitrate 

None 

3 – Nitritation 

36.9 

Emerging * 2nd 

Smallest 

Nitrite/Nitrate Alkalinity 

2 – NSBR 46.9 Established Largest Nitrite/Nitrate Alkalinity 

5 – MBR 

50.1 

Established 

** 

2nd 

Largest 

Nitrite/Nitrate Alkalinity 

* Treatment technology has dozens of installations but little or none experience in treating ambient temperature 

wastewater and highly variable SRWTP feed 

** This proven technology has limited experience treating side streams, especially the highly variable wastewater 

composition seen at SRWTP. 

Two of the technologies were dismissed: Alternative 4 (MBR to treat BRF centrate) and 

Alternative 6 (Use the ATTP plant).  Alternative 4 was dismissed because the BRF operates on 

an intermittent basis, which can lead to biological process failure, while Alternative 6 was 

dismissed because it would only be operated about 3 years (versus 5 years for the other 

alternatives) and it could only treat a smaller load than the other alternatives (0.46 versus 2.30 

million gallons per day (mgd) average flow for the other alternatives). As a result, the potential 

ammonia load reduction is considerably smaller than the other alternatives.  

In the Regional Board Comment letter, it was noted that the SRCSD’s Work Plan included an 

evaluation of a side stream alternative with a $90 million cost over 10 years (nitrifying 

sequencing batch reactor (NSBR)) and that information supplied by the Water Agencies 

suggests side stream treatment can be accomplished for considerably less (Trussell Technology 

TM $32 million). This large difference is attributed to the following: 

1. SRCSD evaluation consisted of a total net present value over 10 years  that 

includes both capital and operations and maintenance costs while the Trussell 

Technology TM only included capital and various “soft cost” costs and excludes 

operations and maintenance costs. 
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2. Evaluation of different treatment process (NSBR vs. MBR) 

3. Treatment of different in-plant return side stream flows and loads.  SRCSD 

evaluation facility was based on treating all side stream flows and loads (9.65 mgd) 

versus only one side stream flow (3.45 mgd). 

4. Different approaches used in developing cost estimates 

Additionally, the design flows were larger for the SRCSD evaluation because it was based on the 

continuation of flushing and larger raw influent wastewater flows. Since 2008, SRWTP raw 

influent average dry weather flows (ADWF) have declined about 17 percent. A culmination of 

flushing cessation and reduced raw influent ADWF flows has resulted in reduced in-plant return 

side streams. 

SRCSD’s cost estimate for the NSBR also considered the plant wide impact on operations as a 

means to compare values for the six different alternatives considered. As a result, operations 

cost on other processes (e.g., high purity oxygen aeration) were considered in that analysis. 

Water Recycling 

In its Comment letter, the Regional Board requested SRCSD to explore water recycling options 

as an interim option to reducing ammonia load to the river. SRCSD is encouraged to see that 

the comments from the Regional Board and the Water Agencies support SRCSD’s efforts to 

increase the use of recycled water in the Sacramento region, while reducing the amount of 

discharges (i.e., recycled water) to the Sacramento River/Delta.  These comments were 

provided in the Regional Board Comment letter and in a Technical Memorandum, dated 

December 31, 2010, prepared by Trussell Technologies, Inc. for the Water Agencies The 

expansion of the SRCSD’s recycled water efforts will provide multiple benefits.  These benefits 

include: conservation and of protection of surface and ground water supplies; providing a 

sustainable water supply for non-potable uses (e.g. irrigation of landscape, habitat, and 

agriculture areas); restoration of the depleted ground water table in south Sacramento County; 

helping to restore flows in select areas of the Cosumnes River; helping to meet regional, state, 

and federal water recycling goals, etc.  The recycled water produced and owned by SRCSD is a 

valuable water supply asset. SRCSD, in partnership with local, state, and federal stakeholders, is 

currently developing several recycled water projects. 

South Sacramento County Agriculture & Habitat Lands Recycled Water Project (South County Ag 

Project) 

The South County Ag Project could provide up to 52,000 acre-feet per year of recycled water to 

irrigate up to 18,000 acres of permanent agriculture and habitat lands in south Sacramento 

County.  This project has broad support from a regional stakeholder coalition.  SRCSD is 

currently developing a Title XVI Feasibility Study to refine the evaluation of the project and to 
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seek federal and state grant funding.  The project would use tertiary-treated water.  Although 

the District desires to size tertiary treatment facilities to the demand for tertiary recycled 

water, it currently assumes that water supply for the South County Ag Project will rely on the 

treatment plant improvements necessary to meet the 2010 NPDES permit filtration 

requirements.  In addition, further investment and funding is needed to establish conveyance 

and pumping facilities to convey recycled water from the SRWTP to the South County Ag 

Project.   

Sacramento Municipal Utility District (SMUD) Cogeneration Pipeline Project 

The SMUD Cogeneration (Cogen) Project could provide up to 1,000 acre-feet of recycled water 

per year for use at SMUD’s cooling towers located near the Campbell Soup Plant. SRCSD, in 

collaboration with SMUD and the City of Sacramento, is seeking state and federal grant funding 

to implement this project. This project could be implemented by 2016, pending the successful 

acquisition of adequate grant funding and the establishment of the necessary legal and 

institutional requirements between the project stakeholders.   

Funding and Other Limitations 

Lack of adequate grant funding impacts the implementation of recycled water projects 

regionally and statewide.  SRCSD is performing a multi-faceted approach to build support and 

seek federal and state grant funding to implement its projects. Further investment and funding 

is needed to establish distribution systems for the recycled water in the service area to fully 

utilize the asset. In addition, there are environmental, permitting, legal, regulatory, and 

institutional requirements that must be addressed before these projects can be implemented.  

Therefore, it is not feasible for the South County Ag Project recycled water project to be 

implemented as an interim ammonia reduction option. The SMUD Cogen pipeline project could 

be implemented sooner, but its resultant reduction in ammonia load to the river would be very 

small. 

Again, SRCSD is encouraged to see that Regional Board and Water Agencies support the 

SRCSD’s effort to increase the use of recycled water in the Sacramento region. As SRCSD 

continues to develop these projects and to expand its stakeholder outreach efforts, we look 

forward to the continued support from the Regional Board and Water Agencies to help secure 

federal and state grant funding and to facilitate the environmental and permitting 

requirements associate with these projects. 
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Summary 

This report is being submitted in response to the Regional Board Comment letter on the SRCSD 

pollution prevention plan for ammonia.  This report details SRCSD’s efforts to implement a 

pollution prevention plan for ammonia, evaluation of treatment plant optimization as an 

interim measure and the feasibility of eliminating high ammonia sides-streams. 

The following summarizes the salient findings of the report: 

 Through the pretreatment program, SRCSD currently regulates all facilities with 

nondomestic point source discharges of ammonia by wastewater discharge permits. The 

pretreatment program will continue to evaluate new businesses for ammonia discharge 

potential and issue permits as necessary. 

 The primary source of ammonia to the SRCSD influent is from human waste and is 

considered uncontrollable. A public outreach program directed at residential sources, 

other than human waste, is anticipated to have negligible impact on the ammonia 

loading and is not considered an appropriate allocation of resources.  

 SRCSD has implemented interim operational changes since May 2009 that have resulted 

in reductions in effluent ammonia discharged to the river by approximately 10 percent 

and is committed to continuing those operational changes as long as feasible, pending 

any problems that may develop due to algal blooms, odor generation or struvite 

accumulation.  Short term sporadic flushing may be implemented during winter when 

impacts to the aquatic life are minimal. 

 To achieve further, short-term reductions of ammonia by approximately 10 percent, 

design and construction of side stream nitrification facilities would be necessary.  The 

total SRWTP effluent ammonia discharge would result in relatively low reductions 

(approximately 3 mg/L change in effluent concentration). 

 SRCSD explored water recycling options to reduce ammonia loadings to the river in the 

interim.  It is not feasible to implement the South County Ag Project as an interim 

ammonia reduction option. 

 State and federal funding would help move the recycled water SMUD Cogen Pipeline 

Project forward, however the amount of ammonia reduction would be very small. 
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1.0 Introduction 

The Central Valley Regional Water Quality Control Board (CVRWQCB) adopted new waste 
discharge requirements (WDR) for the Sacramento Regional Wastewater Treatment Plant 
(SRWTP) on December 9, 2010. These new discharge requirements were amended in Order 
No. R5-2011-0083, NPDES No. CA0077682. A Time Schedule Order R5-2010-0115-01 was 
also amended on December 1, 2011 by order R5-2011-0083. The more significant requirements 
of the new permit require ammonia and nitrogen removal, filtration, and enhanced disinfection. 

As part of the adopted NPDES permit, the Sacramento Regional County Sanitation District 
(SRCSD or District) submitted a pollution prevention plan (PPP) on December 8, 20111 
detailing its pollution prevention efforts. Major conclusions reached in the PPP were as 
follows: 

 The SRCSD pretreatment program already regulates all facilities with non-domestic 
point source discharges of ammonia by wastewater discharge permits.  

 The primary source of ammonia to the SRCSD influent is from human waste and is 
considered uncontrollable. 

 SRCSD has implemented interim operational changes since May 2009 that have 
resulted in reductions in effluent ammonia discharged to the river and is committed to 
continuing those operational changes as long as feasible, pending any problems that 
may develop due to algal blooms, odor generation, or struvite accumulation.  

 Design and construction of in-plant return side stream nitrification facilities is not viable 
considering the time needed to put the system into operation, the high cost, and 
relatively low anticipated reductions in ammonia as compared to the full scale plant 
modifications. 
 

The CVRWQCB provided a response to the PPP on August 24, 2012 agreeing that ammonia 
cannot be reduced through point source control. However, CVRWQCB recommended that the 
PPP should consider the following:  

 Reduction in ammonia loadings in the interim by implementing the South Sacramento 
County Agriculture and Habitat Lands Water Recycling Project since substantial water 
recycling may reduce effluent discharged to the Sacramento River and thus reduce the 
ammonia load to the Sacramento River.  

 Continued operation of the pilot plant for treating ammonia side-streams until the full 
scale wastewater treatment plant is operational 

                                                 
1 Sacramento Regional County Sanitation District (2011) Pollution Prevention Plan for Ammonia. Prepared for the 
Central Valley Regional Water Quality Control Board. 
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 Despite risks associated with not flushing the solids storage basins (SSBs), the District 
should cease solid storage basin flushing and continue the associated ammonia 
reduction. 

 Evaluate the feasibility of six side-stream treatment alternatives, including continuation 
of the pilot plant for treating ammonia side-streams. 

This technical memorandum (TM) evaluates the six interim ammonia removal technologies that 
may be used to treat the in-plant return side streams at SRWTP.  The other listed items are 
addressed in the PPP. 

1.1 Interim Ammonia Reduction Measures 

As mentioned in the introduction, CVRWQCB staff requested that SRWTP evaluate additional 
interim ammonia reduction measures that can be taken by nitrifying a portion of the in-plant 
return side streams, which comprise roughly 20 percent of the ammonia discharge load. 

In-plant return side streams refer to internal recycle streams within SRWTP. In-plant return 
side streams include all of the following, with streams containing high ammonia concentrations 
bolded: 

 Solids storage basins (SSBs) supernatant 

 SSBs overflow 

 Dedicated land disposals (DLDs) leachate and surface runoff 

 Water reclamation facility (WRF) filter backwash (seasonal) 

 Biosolids recycling facility (BRF) 

 Dewatering centrifuge centrate 

 Scrubber water return stream 

 Dissolved air flotation thickening (DAFT) return (a portion is diverted with the in-plant 
wastewater to the headworks and the remaining portion diverted to the primary influent) 

 In-plant wastewater (gravity belt thickener (GBT) return, areas served by plant drains, 
and others) 
 

In-plant return side stream treatment for ammonia reduction is a focus because it is relatively 
high strength (about 500 mg N/L) and low flow (<2 percent of SRWTP plant influent flow). 

A schematic of SRWTP with the in-plant return side streams illustrated by bold dotted lines is 
shown in Figure 1.  
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Figure 1. Existing Plant Schematic Highlighted the Return Side Streams
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The in-plant return side streams that could be treated include a combination of SSBs 
supernatant, SSBs overflow, DLDs leachate, BRF return, and WRF backwash. The in-plant 
wastewater and additional DAFT return loads would not be treated by the in-plant return side 
stream treatment at SRWTP. These two streams are excluded because their ammonia loads are 
relatively small and their drains are located away from the treatment facility. DLD surface 
runoff would also not be treated because ammonia loads are relatively small and because flows 
are large and infrequent. 

The PPP evaluated three alternatives to remove ammonia from the in-plant return side streams. 
The least expensive, nitrifying sequencing batch reactor (NSBR), would reduce the effluent 
ammonia loading by about 10 percent at a cost of $90 million over ten years. Several public 
water agencies (PWA) who receive water from the State Water Project (SWP) and the Federal 
Central Valley Project (CVP) contracted with Trussell Technologies to prepare a TM that 
investigated in-plant return side stream treatment titled, “Technical Memorandum No. 2, Side-
stream Treatment to Reduce the Ammonia Discharge.”2 The Trussell TM describes two 
different alternatives for reducing ammonia from the in-plant return side streams at a 
substantially lower cost than the PPP alternatives: 

1. Alternative 1 – Membrane bioreactor (MBR) to treat BRF centrate (20 dry tons/day; 
$32.4 million for total project cost) 

2. Alternative 2 – Variation of Alternative 1 where MBR treats a larger load (71 dry 
tons/day; no cost estimate provided) 

The District’s evaluation was developed around treatment of the SSBs supernatant, SSB 
overflow, BRF return, DLDs leachate, and WRF backwash. The study determined that a 6.3 
MG basin volume was required to treat the design flows (9.65 mgd) and loads. This 9.65-mgd 
design flow was based on the continuation of flushing of the SSBs which has since been 
stopped. In contrast, the Trussell TM2 only considered the BRF return flows and loads so the 
basin volume required to meet the design flows and loads was smaller at 0.33 MG basin 
volume. By only treating the BRF return flow and load, the Trussell TM2 average load was less 
than the average load considered in the District’s evaluation.3 

2.0 Approach 

2.1 Interim Ammonia Reduction Measures 

As requested by the CVRWQCB in their letter of August 24, 2012, this evaluation considered 
six different side stream treatment alternatives: 

1. Anaerobic ammonia oxidation (Anammox) (changed to deammonification (DEMON®) 
process) 

                                                 
2 Trussell Technologies Inc (2011) Technical Memorandum No. 2, Side-stream Treatment to Reduce the Ammonia 
Discharge 
3 HDR (2010) Phase II Ammonia Study – Summary Final Report. Sacramento Regional County Sanitation District. 
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2. Nitrifying sequencing batch reactor (NSBR). 

3. Single reactor for high ammonium removal over nitrite reactor system (SHARON) 
(changed alternative to Nitritation) 

4. Membrane bioreactor (MBR) to treat 20 dry tons/day from BRF 

5. MBR to treat 71 dry tons/day (changed from dewatering of all 71 tons/day digested sludge 
to MBR treatment of side stream flows from SSBs, DLDs leachate, BRF return, and WRF 
backwash) 

6. Operation of the Advanced Treatment Technology Pilot (ATTP) facility for partial side 
stream flows 

The evaluation provided the following: 

 Brief description of each alternative 

 Process flow sheets that illustrate where each technology would fit within the plant 

 Listing of advantages and disadvantages 

 Preliminary aerial facilities layout (see Appendix B) 

 Cost comparison that considers capital and operations cost (through year 2020) 
 

The alternatives were evaluated in the context of reducing effluent ammonia through side 
stream nitrification or nitrogen removal until the main facility nitrification upgrade is 
completed. Depending on which alternative may be selected and many pending design 
decisions for the secondary treatment expansion, integration of the side stream treatment 
process in the future process operation is not certain. Therefore, the economic analysis assumes 
no salvage value. 

Implementing in-plant return side stream ammonia removal at SRWTP faces a number of 
challenges related to the existing solids processing facilities and operation strategies. These 
include the following: 

 Debris and grit present in the solids storage basins (SSBs) return flows 

 High peaks in the SSBs return flows 

 Biosolids recycling facility (BRF) intermittent operation schedule (i.e. 4 days on 
followed by 3 days off) and cost 

 Water reclamation facility (WRF) seasonal operation schedule (i.e. irrigation and non-
irrigation season) and cost 

 Temperature fluctuations of the combined solids processing recycle  
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 Variable flows and loads 
 

The alternatives were evaluated on the basis that optimum treatment performance will not be 
required 100 percent of the time. This reduces the redundancy requirements and costs, but 
provides a lower factor of safety and reliability. In our judgment, these are acceptable to 
minimize costs and maximize utilization of unit processes. Hydraulic peaks would be allowed 
to bypass the in-plant return side stream treatment. The District would need to verify that this 
approach is acceptable to the CVRWQCB. If additional redundancy is needed to increase 
reliability, the costs to implement these projects would increase. 

2.2 Flows and Loads 

The primary constituent load that will control the design and sizing of the side stream treatment 
alternative is the ammonia load. The in-plant side streams that would be treated are the SSB 
supernatant, BRF return, and WRF backwash. It is estimated that these side streams contribute 
about 20 percent of the effluent ammonia concentration. The SRCSD stopped flushing of the 
SSBs in May 2009 which has resulted in a reduction in ammonia effluent concentration of 
approximately 10 percent and it is likely the SRCSD will achieve an additional 10 percent 
ammonia concentration reduction in the effluent by implementing the side stream treatment. 

3.0 Treatment Alternatives 

A description of each technology, a plant flow sheet, an aerial layout (see Appendix B), and a 
list of advantages/disadvantages are provided below for each alternative. 

3.1 Alternative 1: Deammonification (“Anammox”) 

This process was evaluated by Brown and Caldwell (B&C) under a separate project. The draft 
B&C report is included in Appendix A. 

The deammonification (DEMON®) process relies on a shortcut in the nitrogen metabolism 
pathway for efficient ammonia removal. It is carried out in two steps by two distinct groups of 
autotrophic organisms. In the first step, half of the ammonia is oxidized to nitrite (known as 
nitritation) by ammonia oxidizing organisms (AOOs) and in the second step the residual 
ammonia and nitrite are anaerobically converted to nitrogen gas by anaerobic ammonia 
oxidizing (anammox) bacteria. The process can either be single stage, dual stage, or a batch 
process. 

Deammonification has emerged as a cost effective, efficient, and reliable option to treat high 
strength ammonia wastewater treatment streams, in particular to treat in-plant return side 
streams from dewatering of anaerobic digested sludge. The technology has been applied to 
more than 50 full scale facilities worldwide. These installations operate well and require a 
modest level of operator attention. There are currently no full scale deammonification 
(“anammox”) plants in operation in the US; several are in design phase. 
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The current full scale deammonification (“anammox”) plants in operation typically treat 
dewatering return side streams that are warmer (32-40°C) with less variable wastewater 
composition than SRWTP’s in-plant return side streams. The concern over lower temperatures 
is the ability to stop the first step at nitrite (nitritation) as shown in Figure 2. 

 
Figure 2. Nitritation (dashed red box) versus Full Nitrification (both steps) 

 
The initial research on AOOs found that a warm water (>32°C) was required to stop the 
nitrification at nitrite.4,5 At warmer temperatures, the AOOs grow faster than nitrite oxidizing 
organisms (NOOs) which provides an opportunity to wash-out NOOs and stop the reaction at 
nitrite. More recent research has focused on repressing NOOs by taking advantage of higher 
oxygen half saturation constants than AOOs.6 This is accomplished by the use of DO controls 
(DO set at about 0.30 mg/L), pH, and ORP controls to maintain a continuous repression of the 
NOOs.7  

The ability to sustain anammox bacteria at lower temperatures is also a concern. Research has 
shown that anammox bacteria growth has been sustained in reactors at 15°C8 and 18°C9.  

Theoretically, the DEMON® process should function at the lower water temperatures seen at 
SRWTP but there is little knowledge on performance treating variable wastewater composition. 
As a result, there is an additional risk associated with using deammonification (“anammox”) to 
treat SRWTP’s in-plant return side stream. 

The schematic in Figure 3 shows how the DEMON® would be integrated into the overall 
treatment process. The SSBs supernatant/overflow, DLD leachate, WRF backwash, and BRF 
return would all be combined and treated by the DEMON® process. DEMON® effluent and 
WAS will drain to the main plant influent through the City Interceptor. 

                                                 
4 Hellinga, C.; Schellen, A.A.J.C., Mulder; J.W.; Van Loosdrecht, M.C.M.; and Heijnen, J.J. (1998) The SHARON 
process: an innovative method for nitrogen removal from ammonium-rich waste water. Wat. Sci. & Technol., 
37:135-142. 
5 Fux, C.; Lange, K; Faessler, A.; Huber, P.; Grueniger, B.; and Siegrist, H. (2003) Nitrogen removal from digester 
supernatant via nitritie-SBR or SHARON? Wat. Sci. & Technol., 48:9-18. 
6 Turk, O. and Mavinic, D. (1989) Maintaining nitrite buildup in a system acclimated to free ammonia. Wat. Res., 
23:1383-1388. 
7 Wett, B (2007) Development and implementation of a robust deammonification process. Wat. Sci. & Technol., 
56:81-88. 
8 Ward, B.B.; Arp, D.J.; and Klotz, M.G. (eds) (2011) Nitrification, ASM Press, Washington, D.C. 
9 Winkler, M.-K.H.; Kleerebezem, R.; and van Loosdrecht, M.C.M. (2012) Integration of anammox into the aerobic 
granular sludge process for main stream wastewater treatment at ambient temperatures. Wat. Res., 46:136-144. 

AOOs
NOOs



Technical Memorandum 
In-Plant Return Side Stream Treatment Evaluation 

  
TM – In-Plant Return Side Stream Treatment Evaluation 
C:\2012 Current P\SRCSD\Sidestream\Report\SRCSD Ammonia Reduction TM 20121113B.docx November 14, 2012 

8

 
Figure 3. Alternative 1 (DEMON®) Process Flow Diagram 
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A listing of the advantages, disadvantages, and risks associated with DEMON® is summarized 
in Table 1. 

Table 1. Alternative 1 (DEMON®) Advantages, Disadvantages, and Risks 

Advantages 

 Smallest footprint compared to other biological processes 

 Only 50% of the ammonia load needs to be nitrified 

 60% energy reduction due to reduced oxygen demand 

 No carbon is required for anammox nitrogen removal 

 The process also is a net consumer of CO2, compared to 
conventional nitrification/denitrification process 

 The alkalinity demand for nitrogen removal is reduced by about 
45% 

 Low sludge production 

 Remove total inorganic nitrogen (about 85%); about 15% of the 
ammonia is converted to nitrate 

 Reduce final effluent ammonia discharge concentration about 10 
percent 

Disadvantages 

 No US installations (several facilities in design and construction 
phase) 

 New technology for operators 

 No experience with highly variable influent 

 Low temperature of recycle stream may complicate stable 
nitritation (AOO) growth 

 Low growth rates for anammox bacteria at lower temperature 

Risks 
 New technology 

 Variable influent composition and temperature  

 

More information on the DEMON® process and a site layout can be found in Appendix A and 
Appendix B, respectively. NOTE: The information in Appendix B was provided by 
Waterworks® during the ATTP design in 2011. 

A listing of the equipment, design, and operational parameters for the DEMON® process are 
summarized in Table 2. The combined in-plant return side stream requires degritting and 
screening upstream of the DEMON® process. They may be accomplished through separate grit 
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removal and screening or by using a micro-screen process, such as a Salsness filter which can 
do both. 

Table 2. Alternative 1 (DEMON®) Facility Requirements 
Criteria Unit Average Peak Comment 

Influent Flow mgd 2.30 3.45  
Influent Pumping 
Capacity mgd 2.30 3.45 Firm capacity 
Number of Pumps No 3 3  
Capacity Each mgd 1.73 1.73  
TDH ft 30 30  
Screening (required due to grit/debris from SSBs) 
Number of Units No 1 1  
Capacity Each mgd 3.45 3.45  
Grit Removal (required due to grit/debris from SSBs) 
Number of Units No 1 1  
Capacity Each mgd 3.45 3.45  
DEMON® Tanks 
Temperature °C 15 - 25 15 - 25 Design for 15°C 
SRT day 30 30 Anammox bacteria require 

long SRT 
Oxygen Demand lb/hr 940 1,410  
Number of Tanks No 3 3  
Volume Total MG 3.2 3.2  
OUR mg/L/hr 35 53  
Blower required scfm 9,800 14,700 Firm capacity 
Blower Power hp 550 825 4 – 275 hp high speed turbo 

blowers (3 duty; 1 standby) 

 

The DEMON® layout is based on three parallel batch reactors. Operation is based on three 
cycles per day per reactor. After deducting time for settling and decanting 21 hours remain for 
anammox. The total reactor volume required 3.2 MG. 

The design oxygen demand of 1,410 lb/hr requires a total firm blower capacity of 14,700 scfm. 
To accommodate the anticipated wide range in demands four 275-hp high speed turbo blowers 
are required, one of which serves as standby. 

The DEMON® will be designed to treat flows of up to 3.45 mgd while flows in excess of this 
maximum will bypass the DEMON®. In-plant return side stream treatment bypasses will occur 
less than 5 percent of the time and even in the event of a hydraulic bypass, the majority of the 
recycle flow enters the DEMON®. Overall, it is estimated that more than 99% ammonia load 
will be removed from the side stream sources. 
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3.2 Alternative 2: Nitrifying Sequencing Batch Reactor 

The nitrifying sequencing batch reactor (NSBR) is a fill-and draw activated sludge system for 
wastewater treatment. In this system, wastewater is added to a single “batch” reactor, treated to 
remove pollutants, and then discharged. Equalization, aeration, and clarification can all be 
achieved using a single batch reactor. 

To optimize the performance of the system, two or more batch reactors are used in a 
predetermined sequence of operations. NSBR systems have been successfully used to treat both 
municipal and industrial wastewater. They are uniquely suited for wastewater treatment 
applications characterized by low or intermittent flow conditions. 

The schematic in Figure 4 shows how the NSBR would be integrated into the overall treatment 
process. The SSBs supernatant/overflow, DLD leachate, WRF backwash, and BRF return 
would all be combined and treated by the NSBR process. NSBR effluent and WAS will drain to 
the main plant influent through City Interceptor. 

A listing of the advantages, disadvantages, and risks associated with NSBR is summarized in 
Table 3. More information on the NSBR process and a site layout can be found in Appendix A 
and Appendix B, respectively. 

Table 3. Alternative 2 (NSBR) Advantages, Disadvantages, and Risks 

Advantages 

 Established technology 

 Single reactor vessel (i.e., fewer tanks) 

 Operational flexibility and control 

 Minimal footprint 

 Potential capital savings by incorporation of separation/other 
equipment within common basin 

 Reduce final effluent ammonia discharge concentration about 10 
percent 

Disadvantages 

 Alkalinity addition required 

 Oxygen transfer limitations result in large reactor volume 

 Heavy reliance on automated systems to control process 

 Potential of washing out non-settled biomass during the decant 
phase 

Risks 
 Potential to wash-out biomass during decant phase 

 Possible poor settling due to low heterotrophic population 
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Figure 4. Alternative 2 (NSBR) Process Flow Diagram 
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A listing of the equipment, design, and operational parameters for the NSBR process are 
summarized in Table 4. The combined in-plant return side stream requires degritting and 
screening upstream of the NSBR. This may be accomplished through separate grit removal and 
screening or by using a micro-screen process such as a Salsness filter, which can do both. 

Table 4. Alternative 2 (NSBR) Facility Requirements 
Criteria Unit Average Design Comment 

Influent Flow mgd 2.30 3.45  
Influent Pumping 
Capacity mgd 2.30 3.45 Firm capacity 
Number of Pumps  3 3  
Capacity Each mgd 1.73 1.73  
TDH ft 30 30  
Screening (required due to grit/debris from SSBs) 
Number of Units mgd 1 1  
Capacity Each mgd 2.30 3.45  
Grit Removal (required due to grit/debris from SSBs) 
Number of Units No 1 1  
Capacity Each mgd 2.30 3.45  
SBR 
Temperature °C 15 – 25 15 – 25 Design for 15°C 
SRT day 14 14 Total 
Oxygen Demand lb/hr 2,800 4,200 During aeration cycle (18 

hrs/day) 
MLSS mg/L 2,300 3,500  
Number of Tanks No 3 3  
Volume Total MG 6.33 6.33  
Decant rate mgd 9.2 13.8  
OUR mg/L/hr 56 63  
Blower required scfm 22,000 33,000 Firm capacity 
Blower Power hp 1,225 1,850 5 – 450 hp high speed turbo 

blowers (4 duty; 1 standby) 
Effluent Equalization 
EQ Basin Volume MG 0.15 0.15  
Alkalinity Supply 
Alkalinity Demand lb/d 35,300 52,900  
25% Caustic gal/d 10,500 16,000  

 
The NSBR operation is based on four cycles per day. After deducting time for settling and 
decanting 18 hours remain for nitrification. The net aerobic volume is defined as the minimum 
volume at the end of the decanting process to the minimum water level plus half of the 
remaining reactor volume to account for the variable volume level during the fill period – based 
on the design flow and loads the reactor will reach the maximum level at the end of the fill 
cycle. Based on the resulting aerobic volume and the average oxygen uptake rate of 55 mg/L/hr 
total NSBR reactor volume is 6.3 MG.  
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The design oxygen demand of 4,200 lb/hr requires a total firm blower capacity of 33,000 scfm. 
To accommodate the anticipated wide range in demands 5 - 450 hp high speed turbo blowers 
are required, one of which serves as standby. 

The combined internal recycle stream is alkalinity deficient for full nitrification. Because no 
combined in-plant return side stream alkalinity data were available, it was assumed that 50% of 
the alkalinity required for full nitrification of the recycle ammonia will have to be 
supplemented. At the design conditions this will require 52,900 lb/d of alkalinity, which 
equates to about 16,000 gal/d (25 percent caustic). Other alkalinity supplements could be used 
instead of caustic. 

The NSBR is designed to treat flows of up to 3.45 mgd while flows in excess of this maximum 
will bypass the NSBR. In-plant return side stream treatment bypasses will occur less than 
5 percent of the time and even in the event of a hydraulic bypass, the majority of the recycle 
flow enters the NSBR. Overall, it is estimated that the loss in ammonia removal due to the 
hydraulic bypass will amount to less than 1 percent of the time. 

3.3 Alternative 3: Nitritation (“SHARON”) 

The SHARON process is a high-rate nitritation/denitrification two-step process. In the first 
step, all of the ammonia is oxidized to nitrite (nitritation) and in the second step the nitrite is 
reduced by denitrifiers. The second step requires an external carbon source (e.g., methanol) to 
fuel the biological process. In contrast, conventional nitrification/denitrification oxidize 
ammonia to nitrite and then to nitrate. Then, the nitrate is denitrified to nitrogen gas which, in 
this case, requires an external carbon source like methanol. 

SRWTP does not require nitrogen removal in the interim. As a result, denitrification is not 
required and the expense and safety associated with using an external carbon source (e.g., 
methanol) is not justified. Furthermore, any nitrite (produced during nitritation) returned to the 
headworks would aid in reducing odor/corrosion problems and the associated chemical cost. 
Therefore, the SHARON option was modified to only include the nitritation step and will be 
referred to as nitritation from here on. Refer to Section 3.1 for an explanation on the strategy 
for stopping the reaction at nitrite. 

The operational strategy to arrest the nitrification reaction at nitrite under the highly variable 
and relatively cold side stream waters at SRWTP was provided in Section 3.1. The approach 
would take advantage of the higher oxygen half saturation constants from NOOs with respect to 
AOOs.7 This is accomplished by the use of DO controls (DO set at about 0.30 mg/L), pH, and 
ORP controls to maintain a continuous repression of the NOOs.7 Although attractive, the 
approach is still emerging and thus has an inherent risk associated with the technology that 
might require piloting.  

The schematic in Figure 5 shows how the Nitritation reactor would be integrated into the 
overall treatment process. 
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Figure 5. Alternative 3 (Nitritation) Process Flow Diagram 
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The SSBs supernatant/overflow, DLD leachate, WRF backwash, and BRF return would all 
be combined and treated by the Nitritation reactor. Nitration and WAS effluent will drain to 
the main plant influent through the City Interceptor. 

The Nitritation reactor advantages, disadvantages, and risks are summarized in Table 5. To 
maintain stable nitritation the aerobic SRT, DO, and pH have to be maintained under 
variable influent conditions, which can change quickly when for instance precipitation 
increases the sludge storage lagoon overflow or when dewatering is taken offline and vice 
versa. 

Table 5. Alternative 3 (Nitritation) Advantages, Disadvantages, and Risks 

Advantages 

 Lower oxygen demand than conventional nitrification 

 Smaller volume than NSBR and/or MBR 

 Separate clarifier not required (common wall design) 

 Reduce final effluent ammonia discharge concentration about 
10 percent 

Disadvantages 

 Higher oxygen demand than anammox 

 Challenging process control 

 New technology for operators 

 No experience with highly variable influent 

Risks 

 Incomplete ammonia reduction 

 Converting a significant amount of the nitrite to nitrate 

 Lower design temperature than typical for this application 

 Variable influent conditions with respect to temperature and 
load 

 

Detailed information on the Nitritation process and a site layout can be found in Appendix A 
and Appendix B, respectively. 

The Nitritation reactor design is summarized in Table 6. The combined in-plant return side 
stream requires degritting and screening upstream of the Nitritation reactor. This may be 
accomplished through separate grit removal and screening or by using a micro-screen 
process such as a Salsness filter, which can do both. 
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Table 6. Alternative 3 (Nitritation) Facility Requirements 
Criteria Unit Average Peak Comment 

Influent Flow mgd 2.30 3.45  
Influent Pumping 
Capacity mgd 2.30 3.45 Firm capacity 
Number of Pumps  3 3  
Capacity Each mgd 1.73 1.73  
TDH ft 30 30  
Screening (required due to grit/debris from SSBs) 
Capacity Each No 2.30 3.45  
Number of Units mgd 1 1  
Grit Removal (required due to grit/debris from SSBs) 
Number of Units No 1 1  
Capacity Each mgd 2.30 3.45  
Nitritation 
Temperature °C 15 - 25 15 - 25 Design for 15°C 
SRT day 5.5 5.5 Total SRT 
Oxygen Demand lb/hr 1,590 2,380  
MLSS mg/L 1,340 2,000  
Number of Tanks No 2 2  
Volume Total MG 4.0 4.0 Includes clarifiers in each tank 

(0.4 MG per clarifier) 
OUR mg/L/hr 55 83  
Blower required scfm 16,500 24,700 Firm capacity 
Blower Power hp 925 1,375 5 – 350 hp high speed turbo 

blowers (4 duty; 1 standby) 
Alkalinity Supply 
Alkalinity Demand lb/d 35,300 52,900  
25% Caustic gal/d 10,500 16,000  

 

The Nitritation reactor design is based on two parallel 1.6 MG plug flow reactors with a 0.4 
MG settling zone at the end of each reactor (2.0 MG per reactor; 4.0 MG total volume). An 
air lift pump is placed in the settling zone to return RAS. Two key operational parameters in 
controlling the nitritation reaction are the DO and the aerobic retention time. Because of the 
wide range in projected loads it is anticipated that the reactors will be operated un-aerated at 
times to avoid nitrification of the nitrite, thus in addition to the aeration system mechanical 
mixing will also be required . Each train will be equipped with four 5-hp mixers which will 
operate when the air is turned off or when the air supply is low. 

Because the wasted solids also return with the Nitritation reactor effluent to the head of the 
plant nitrification effluent TSS is not a concern beyond the ability to control the nitritation 
process with respect to solids inventory. The settled solids are returned to the front of the 
plug flow reactor with a submersible inline pump. The suction piping design will insure that 
solids return is sufficient. 

The design oxygen demand of 2,380 lb/hr requires a total firm blower capacity of 24,700 
scfm. To accommodate the anticipated wide range in demands five 350-hp high speed turbo 
blowers are required; one of which serves as standby. 
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The combined internal recycle stream is alkalinity deficient for full nitrification. Because no 
combined internal recycle alkalinity data were available it was assumed that 50 percent of 
the alkalinity required for full nitrification of the recycle ammonia will have to be 
supplemented. At the design conditions this will require 52,900 lb/d of alkalinity, which 
equates to roughly 16,000 gal/d (25 percent caustic). Other alkalinity supplements may be 
used instead of caustic. 

The Nitritation reactor is designed to treat flows of up to 3.45 mgd while flows in excess of 
this maximum will bypass the reactor. In-plant return side stream treatment bypasses will 
occur less than 5 percent of the time and even in the event of a hydraulic bypass, the 
majority of the recycle flow enters the Nitritation reactor. Overall, it is estimated that the 
loss in ammonia removal due to the hydraulic bypass will amount to less than 1 percent of 
the time. 

3.4 Alternative 4: MBR Treating BRF Centrate 

A Membrane Bioreactor (MBR) is a variation of the classic activated sludge process that 
relies on membrane separation of solids instead of using a secondary clarifier to capture and 
return biomass to the activated sludge process. The process relies on micro-filtration or 
ultra-filtration membranes to separate the biomass from the treated liquid and produce 
filtered effluent free of particulates. This process has the ability to sustain very high biomass 
concentrations. 

Membranes can be operated under pressure, pumped through pressure vessels located 
outside the aeration basin (referred to as external membrane reactor), or operated under 
vacuum and immersed in the aeration basins (referred to as immersed membrane reactor). In 
wastewater applications, ultra-filtration membranes are commonly used membranes for 
MBRs with a pore size between 0.01 m and 0.1 m. 

Two types of membranes are available for immersed ultra-filtration, hollow fiber and plate 
membranes. Both are equally suitable given appropriate pretreatment but hollow fiber 
membranes are the most common and have the greater application history. Although MBRs 
are a proven technology, they have limited experience treating side streams, especially the 
highly variable wastewater composition seen at SRWTP side streams. 

MBRs typically offer a smaller aerobic volume than conventional activated sludge by 
operating at higher MLSS concentrations. For this application, the MBR is oxygen uptake 
limited due to high ammonia loads and requires a larger than normal MBR aerobic volume. 
As a result, the aerobic volume in this MBR is not any smaller than for conventional 
activated sludge. 

An MBR disadvantage is the costs associated with the membranes, which includes initial 
capital cost and replacement membrane costs. In conventional MBR applications, the 



Technical Memorandum 
In-Plant Return Side Stream Treatment Evaluation 

  
TM – In-Plant Return Side Stream Treatment Evaluation 
C:\2012 Current P\SRCSD\Sidestream\Report\SRCSD Ammonia Reduction TM 20121113B.docx November 14, 2012 

19 

membrane replacement cost is significant. For this application, the operation ends after 
about 5 years which should not require membrane replacement. 

The MBR feed will include residual polymer from digested sludge dewatering processes that 
will foul the membranes. As a result, the membranes would need daily maintenance cleans. 

The general process schematic with the side stream treatment MBR is shown in Figure 6. 
Only the BRF return load would be treated by the MBR. MBR effluent and WAS will drain 
to the main plant influent through the City Interceptor. 

The MBR advantages, disadvantages, and risks are summarized in Table 7. 

Table 7. Alternative 4 (MBR Treating BRF Centrate) Advantages, Disadvantages, and Risks 

Advantages 
 Produces reuse quality effluent 

 Not sensitive to settling characteristics 

Disadvantages 

 High capital and operation cost 

 May need to cool the influent 

 Oxygen transfer limitations (no footprint savings) 

 Daily maintenance cleans due to influent characteristics 

 Large equalization tank required 

 Alkalinity supplementation required 

 Require continuous operation of the BRF to provide 
consistent feed approaching 24/7, 365 days/yr 

 Does not reduce effluent ammonia discharge as much as the 
prior alternatives. The final effluent ammonia discharge 
concentration would be reduced from about 3 to 5 percent  

Risks 

 Technology has little experience treating side streams 

 Low flux 

 Permanent membrane fouling 

 Membrane fouling from polymer used in dewatering process 

 Membrane replacement sooner than the typical 5 – 10 years 

 Intermittent BRF operation causes biological process to fail 
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Figure 6. Alternative 4 (MBR Treating BRF Centrate) Process Flow Diagram 
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One disadvantage specific to this alternative is that under the current contract for biosolids 
recycling, biosolids are dewatered less than 50 percent of the time. Typically, the BRF is 
operated weekdays and maintained over the weekend, but it can be off-line for extended 
maintenance. Storage of dewatering centrate for such an extended period is not recommended. 
Centrate storage will be sized to equalize 5 days of dewatering over 7 days; therefore, the 
storage volume is relatively small. 

In the event that the drying remains off for longer that one week the MBR would continue to 
operate without permeation, resulting in reduced biological activity. The activated sludge 
nitrifier population will decline depending on how long the MBR remains dormant but given 
the elevated temperature full treatment capacity should be re-established within 2 to 3 days. For 
the interim period however, incomplete nitrification should be expected. 

The elevated temperature from the dewatering centrate flow (35-37°C) is problematic. Nitrifier 
growth kinetics slow down and growth essentially stops above 36-40°C. This may make 
nitrification intermittent and unstable. In addition, oxygen saturation decreases at higher 
temperatures and therefore more difficult to ensure adequate dissolved oxygen. One advantage 
of higher temperature is that it will improve membrane flux. 

Considering all of the technical and operational difficulties, this alternative was deemed fatally 
flawed. 

3.5 Alternative 5: MBR to Treat Side Streams 

The Trussell TM2 proposed utilizing MBR technology for treating the BRF dewatering centrate 
for all of the 71 dry tons per day of anaerobically digested biosolids produced on average. This 
conceptual alternative would theoretically enable SRWTP to avoid increasing the ammonia 
load to the Sacramento River and would allow for the elimination of on-site disposal of sludge. 
The existing BRF centrifuges and pelletizing facility (produces Class A biosolids) are sized for 
approximately 20 tons/d. Therefore, implementation would require construction and installation 
of multiple dewatering centrifuges for handling the entire digested sludge stream. In addition, 
approximately 51 tons/day would only meet Class B quality and would require off-site disposal 
in an appropriate landfill resulting in excessive costs to SRCSD. Rather than fatally flaw the 
alternative as conceived it was modified to reflect a reasonable option of treating all existing 
side streams using MBR technology.  

For general MBR information refer to Section 3.4. The difference between this alternative and 
the other MBR alternative (#4) is that this alternative treats the SSBs supernatant/overflow, 
DLDs leachate, WRF backwash, and BRF return. As a result, the MBR for this alternative will 
receive flow daily at lower temperatures and thus deemed as a potentially viable alternative. As 
previously stated, the proven MBR technology has limited experience treating side streams, 
especially the highly variable wastewater composition seen at SRWTP side streams. 
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The schematic in Figure 7 shows how the MBR would be integrated into the overall treatment 
process. The SSBs supernatant/overflow, DLD leachate, WRF backwash, and BRF return 
would all be combined and treated by the MBR. MBR effluent and WAS will drain to the main 
plant influent through the City Interceptor. 

The MBR is fed from the feed pump station up to the maximum flow. Flow in excess of the 
maximum will overflow in the diversion manhole and continue by gravity to the head of the 
main plant. Nitrified effluent from the MBR as well as its waste solids will be discharged to an 
existing 36” sewer downstream of the diversion manhole and flow by gravity to the head of the 
plant. 

The MBR advantages, disadvantages, and risks are summarized in Table 8. Detailed 
information on the MBR process and a site layout can be found in Appendix A and Appendix 
B, respectively. 

Table 8. Alternative 5 (MBR to Treat Side Streams) Advantages, Disadvantages, and Risks 

Advantages 

 Produces reuse quality effluent 

 Not sensitive to settling characteristics 

 Reduce final effluent ammonia discharge concentration about 
10 percent 

Disadvantages 

 High capital and operations cost 

 Oxygen transfer limitations (no footprint savings) 

 Daily maintenance cleans due to treated medium 

 Large equalization tank required 

 Alkalinity supplementation required 

 Increased solids processing cost 

 Change in solids processing operation strategy 

 Membrane replacement needed every 5 – 10 years 

Risks 

 Technology has little experience treating side streams 

 Low flux 

 Permanent membrane fouling 

 Polymer from dewatering fouling 

 Membrane replacement sooner than the typical 5 – 10 years 
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Figure 7. Alternative 5 (MBR to Treat Side Streams) Process Flow Diagram 
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The MBR design is summarized in Table 9. The combined in-plant return side stream requires 
degritting and screening upstream of the MBR reactor. This may be accomplished through 
separate grit removal and screening or by using a micro-screen process such as a Salsness filter, 
which can do both. The influent will be screened again using a micro-screen to protect the 
membranes – the micro-screen is part of the MBR vendor supply package. 

Table 9. Alternative 5 (MBR to Treat Side Streams) Facility Requirements 
Criteria Unit Average Peak Comment 

Influent Flow mgd 2.30 3.45  
Influent Pumping 
Capacity mgd 2.30 3.45 Firm capacity 
Number of Pumps  3 3  
Capacity Each mgd 1.73 1.73  
TDH ft 20 20  
Screening (required due to grit/debris from SSBs) 
Number of Units No 1 1  
Capacity Each mgd 2.30 3.45  
Grit Removal (required due to grit/debris from SSBs) 
Number of Units No 1 1  
Capacity Each mgd 2.30 3.45  
MBR 
Temperature °C 15 - 25 15 - 25 Design for 15°C 
SRT day 30 30  

Oxygen Demand lb/hr 2,120 3,170  

MLSS (Aeration Tank) mg/L/hr 1,900 2,850  

Number of Tanks No 2 2  

Volume Total MG 4.61 4.61  

Membrane Tank Volume MG 0.69 0.69  

OUR mg/L/hr 55 83  

Blower required scfm 22,000 33,000 Firm capacity 

Blower Power hp 1,250 1,850 5 – 450 hp high speed turbo 
blowers (4 duty; 1 standby) 

Membranes 
Flux gfd 7 10  

Surface Area sf 345,000 345,000  

Number of Membrane Tanks No 10 10  

Installed Membrane Surface sf 380,000 380,000  
Alkalinity Supply 
Alkalinity Demand lb/d 35,300 52,900  
25% Caustic gal/d 10,500 16,000  

 

The design is based on two parallel 1.45 MG aeration tanks followed by 10 - 0.05 MG 
membrane tanks, including one redundant membrane tank (9+1 design). 
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The design oxygen demand of 3,170 lb/hr requires a total firm blower capacity of 33,000 scfm. 
No credit was applied for oxygen supplied through membrane scour air. Five 450-hp high 
speed turbo blowers are required; one of which serves as standby. 

The dewatering centrate is alkalinity deficient for full nitrification. Because no alkalinity data 
were available it was assumed that 50 percent of the alkalinity required for full nitrification of 
the centrate ammonia will have to be supplemented. At the design conditions this will require 
52,900 lb/d of alkalinity, which equates to roughly 16,000 gal/d (25 percent caustic). Other 
alkalinity supplements may be used instead of caustic. 

The MBR is designed to treat flows of up to 3.45 mgd while flows in excess of this maximum 
will bypass the reactor. In-plant return side stream treatment bypasses will occur less than 
5 percent of the time and even in the event of a hydraulic bypass, the majority of the recycle 
flow enters the MBR. Overall, it is estimated that the loss in ammonia removal due to the 
hydraulic bypass will amount to less than 1 percent of the time. 

3.6 Alternative 6: Use of Advanced Treatment Technology Pilot 

Rather than designing and constructing a new facility, the ATTP activated sludge process could 
be retrofitted to treat the in-plant return side streams. This alternative was previously evaluated 
by B&C under a separate contract. Their report is included in Appendix A. The estimated 
capital and operations and maintenance (O&M) costs from the B&C report have been updated 
to be on the same basis as the other costs herein. 

The schematic in Figure 8 shows how the ATTP would be retrofitted and integrated into the 
overall treatment process. A portion of the SSBs supernatant/overflow, DLD leachate, WRF 
backwash, and BRF return would be combined and treated by the ATTP. ATTP effluent and 
WAS will drain to the main plant influent through the City Interceptor. 

Due to wastewater characteristics of the side stream (i.e., high TSS, high ammonia), using the 
ATTP air activated sludge (AAS) without modifications would result in clarifier, aeration and 
alkalinity limitations with limited benefit in reducing the total effluent ammonia discharge. 
Brown and Caldwell identified possible modifications to the ATTP AAS for in-plant return side 
stream treatment to potentially overcome process limitations and therefore reduce total effluent 
ammonia discharge. These modifications include: 

 Dissolved air flotation (DAF) of AAS influent to remove 90 percent of TSS (and 
address clarifier limitations); 

 Increase alkalinity addition and storage; and 

 Increase aeration system capacity with additional diffusers or using a pure oxygen 
aeration technology (the Praxair Raptor was assumed). 
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Figure 8. Alternative 6 (ATTP to Treat Side Streams) Process Flow Diagram 
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The ATTP would be fed from the feed pump station up to 0.46 mgd. Flow in excess of the 
maximum will overflow in the diversion manhole and continue by gravity to the head of the 
main plant. Nitrified effluent from the ATTP as well as its waste solids will be discharged to an 
existing 36” sewer downstream of the diversion manhole and flow by gravity to the head of the 
plant. 

The general advantages, disadvantages, and risks of using the ATTP for this alternative are 
provided in Table 10. 

Table 10. Alternative 6 (ATTP to Treat Side Streams) Advantages, Disadvantages, and Risks 

Advantages 
 Major equipment already in place and operational 

 Minor additional footprint (degritting and screens) 

 Low capital cost 

Disadvantages 

 Only treats 0.46 mgd (compared to 3.45 mgd with other 
alternatives) 

 Does not reduce final effluent ammonia discharge as much as the 
prior alternatives. The effluent ammonia discharge concentration 
would be reduced from about 2 to 3 percent 

 High unit operations cost ($/lb ammonia removed) 

 High oxygen demand (full nitrification) 

 Alkalinity supplementation required 

 Increased solids processing cost 

 Change in solids processing operation strategy 

 Cannot begin ammonia removal until after other alternatives (end of 
2017) 

 Pilot is unavailable for other research and process optimization 

Risks 
 Not treating as much ammonia load as the other alternatives 

 The completion data of the current pilot study is uncertain and 
depends on the final results and need to extend the pilot study 

 

Detailed information on the ATTP process and a site layout can be found in Appendix A and 
Appendix B, respectively. 

The ATTP design is summarized in Table 11. The combined in-plant return side stream 
requires degritting and screening upstream of the ATTP reactor. This may be accomplished 
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through separate grit removal and screening or by using a micro-screen process such as a 
Salsness filter, which can do both. 

Table 11. Alternative 6 (ATTP) Facility Requirements 
Criteria Unit Average Peak Comment 

Influent Flow mgd 0.46 0.46 
Influent Pumping 
Capacity mgd 0.46 0.46 Firm capacity 
Number of Pumps  3 3
Capacity Each mgd 0.23 0.23
TDH ft 20 20
Screening (required due to grit/debris from SSBs)
Number of Units No 1 1 
Capacity Each mgd 0.46 0.46 
Grit Removal (required due to grit/debris from SSBs) 
Number of Units No 1 1 
Capacity Each mgd 0.46 0.46 
Dissolved Air Flotation (required to remove TSS for the secondary clarifier)
Number of Units mgd 1 1 
Capacity Each mgd 0.46 0.46 
Aeration (replaced compressed air with liquid oxygen)
LOX lb O2/d 8,400 8,400 Rental from Praxair 
Polymer Supply (for dissolved air flotation)
Polymer Demand lb/d 0.8 0.8 
100% Polymer gal/d 0.08 0.08 Specific gravity = 1.25
Alkalinity Supply 
Alkalinity Demand lb/d 7,050 7,050 Assumed that half of the 

ammonia load requires alk
25% Caustic gal/d 2,140 2,140 

 
A DAF unit is recommended to reduce the solids loading on the secondary clarifier. 

The combined internal recycle stream is alkalinity deficient for full nitrification. Because no 
combined internal recycle alkalinity data were available it was assumed that 50 percent of the 
alkalinity required for full nitrification of the recycle ammonia will have to be supplemented. 
At the design conditions this will require about 7,050 lb/d of alkalinity, which equates to 
roughly 2,140 gal/d (25 percent caustic). Other alkalinity supplements may be used instead of 
caustic. 

The available tankage and equipment at the ATTP can treat up to 0.46 mgd of the combined 
recycle flows. Flows in excess of this maximum will bypass the reactor and be sent to the head 
of the plant as currently done. In-plant return side stream treatment bypasses will occur daily. 

4.0 Schedule 

A preliminary schedule is shown in Figure 9. 
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Figure 9. Example Design, Construction, and Operations Schedule for In-Plant Return Side Stream Treatment 
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The preliminary schedule is broken up into three separate schedules: 

 Alternatives 2 (NSBR) and 3 (Nitritation) 

 Alternatives 1 (DEMON®), 4 (MBR treating 20 dry tons/day), and 5 (MBR treating 71 
dry tons/day) 

 Alternative 6 (Use the ATTP plant) 
 

Alternatives 2 (NSBR), and 3 (Nitritation) would begin treating the in-plant return side stream 
ammonia load the earliest (operation beginning third quarter of 2015). Alternative 1 
(DEMON®) and both MBR Alternatives 4 and 5 would begin operation about 3 months after 
due to membrane/DEMON® procurement. There is a level of uncertainty on the schedule for 
Alternative 6 (ATTP). Alternative 6 is expected to not begin operation until the third quarter of 
2018. This later start-up is because the ATTP project has Phases 2 and 3 that will not be 
finished until the first quarter in 2017. 

It is anticipated that a mitigated negative declaration (MND) will be required for the 
environmental documentation and it is included in the schedules. The MND should not take 
more than six months. If additional environmental documentation is needed it could impact the 
schedules. In addition, the schedule could also be impacted if construction impacts and 
conflicts arise due to the various multiple projects occurring at the SRWTP. 

The ATTP project Phases 2 and 3 are necessary to further optimize the design criteria. A partial 
list of the planned activities for Phases 2 and 3 are as follows: 

 Evaluate various filtration media designs. 

 Filter loading rate testing. 

 Re-configure the pre-ozonation and ozonation skids. 

 Side-by-side comparison of a dissolved air floatation thickener (DAFT) and gravity belt 
thickener (GBT) treating BNR waste activated sludge (WAS). 

 If membrane filtration carried forward, evaluate various membranes. 

 Off-gas testing of the aeration basin to determine the alpha factor 

 Drain, clean and inspect the basins for corrosion and equipment wear. The basins would 
be re-seeded with high purity oxygen WAS. 

 Anaerobic selector testing. 

 Chemical addition and flocculation testing. 
 

There is an overlap on operation of the in-plant return side stream treatment and the BNR to 
account up for start-up of the BNR. 
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5.0 Cost Comparison 

The following cost analyses were prepared based on the physical location of the new structures, 
developed process flow sheets, equipment, preliminary layouts, and interconnecting facilities. 

5.1 Cost Estimate Disclaimer 

The cost estimates are opinions of probable construction costs. They are based on HDR’s 
professional experience and not an official bid document. The estimates are considered 
planning level values. A more detailed analysis would be needed to refine these costs. 

5.2 Approach 

This estimate is consistent with the American Association of Cost Engineers, Recommended 
Practice No. 17R-97, Class 4 and the American National Standards Institute definition of a 
“budget estimate”. The estimates should be accurate within a range of +40 to -20 percent. 

The O&M cost estimates were calculated using the HDR Water Cost Model. The HDR Water 
Cost Model was created using the HDR authored Environmental Protection Agency (EPA) 
document “Estimating Water Treatment Costs: Volume 2-Cost Curves Applicable to 1 to 200 
mgd Treatment Plants” dated August 1979, to derive approximate labor, energy, chemical, and 
maintenance expenditures according to specific treatment technologies. 

The life-cycle costs were prepared using the Net Present Value (NPV) method. 

5.3 Unit Cost Values 

The life-cycle cost evaluation was based on using the economic factors in Table 12. 

Table 12. Economic Evaluation Variables 
Item Value 

Nominal Discount Rate 5% 
Inflation Rate:  

General 3.0% 
Labor 5.0% 
Energy1 6.0% 
Chemical 4.5% 

Base Year Year 2012 
Project Life Through Year 2020 
Labor $90/hr 
Energy $0.09/kWh 
Chemicals:  

Polymer $1/lb 
Caustic Soda $350/ton 
LOX 2 $0.42/lb 

1 Energy inflation rate is six percent through year 2014, then general at 3.0 percent thereafter. 
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The District provided all the values except for the Engineering-News Record (ENR) 
Construction Cost Index (CCI) and the chemical costs. The chemical costs were based on cost 
values from other projects. To perform the cost evaluations, each selected technology was 
evaluated as if physically located at the SRWTP based on the location of the existing piping, 
channels, and other necessary facilities. 

5.4 Net Present Value of Total Project Costs and Operations and Maintenance 
Cost in 2012 Dollars 

An estimate of the net present value for total project cost, operations and maintenance, and total 
net present value for the alternatives in 2012 dollars are shown in Table 13. The most cost 
effective treatment trains are as follows: Alternative 6 (ATTP) < Alternative 1 (DEMON®) < 
Alternative 3 (Nitritation) < Alternative 2 (NSBR) < Alternative 5 (MBR). 

Table 13. Treatment Technology Total Project, Operations & Maintenance,  
and Total Net Present Value in 2012 Dollars 

Alternative Total Project Cost 
Net Present Value, 

2012 dollars 
($ Million) * 

O&M Net 
Present Value, 

2012 dollars 
($ Million) 

Total Net 
Present Value, 
2012 Dollars, 

($ Million) 
1 – DEMON® 28.8 2.9 31.6 
2 - NSBR 32.8 14.8 46.9 
3 – Nitritation 23.9 13.7 36.9 
5 – MBR 35.2 15.6 50.1 
6 – ATTP 2.6 3.0 5.5 

* Based on mid-point of construction 
 

Alternative 4 was fatally flawed because the biosolids are dewatered less than 50 percent of the 
time. Typically, the BRF is operated weekdays and maintained over the weekend, but it can be 
off-line for extended maintenance. Storage of dewatering centrate for such an extended period 
is not recommended. 

In the event that the drying remains off for longer that one week the MBR activated sludge 
would continue to operate without permeation, resulting in reduced biological activity and 
process failure. 

The $90 million value for a NSBR within the PPP (taken from the Phase II Ammonia Study5) 
is nearly twice as much as Alternative 2 (NSBR) ($46.9 million total NPV). This large 
difference is attributed to the following: 

1. Ability to bypass high flows 

2. Difference in flows and loads (Flushing SSBs versus no flushing) 

3. Different approach used in developing cost 
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For both analyses, the NSBR facilities were designed to treat SSBs supernatant/overflow, BRF 
return, DLDs leachate, and WRF backwash. The present analysis was based on the ability to 
bypass flow above 3.45 mgd, whereas the Phase II Ammonia Study5 facility was based on 
treating all the flows and loads (9.65 mgd versus 3.45 mgd). Additionally, the design flows 
were larger for the Phase II Ammonia Study3 because the evaluation was based on the 
continuation of flushing and larger raw influent wastewater flows. Since 2008, SRWTP raw 
influent average dry weather flows (ADWF) have declined about 17 percent. A culmination of 
flushing cessation and reduced raw influent ADWF flows has resulted in reduced in-plant 
return side streams. 

As previously stated in Section 1.1, the Phase II Ammonia Study3 cost estimate for the NSBR 
considered the plant wide impact on operations as a means to compare values for the six 
different alternatives considered. As a result, operations cost on other processes (e.g., high 
purity oxygen aeration) were considered in that analysis. The current study only considers 
treatment of the side stream flows. 

A summary of the capital costs and net present value estimates can be found in Appendix C and 
Appendix D, respectively. 

6.0 Impact on the Ammonia Discharge Levels 

The impact of in-plant return side stream ammonia removal on the plant ammonia discharges 
are provided in Table 14. The table lists the total NPV, the potential operating duration, and the 
anticipated additional percent ammonia removal for each alternative.  With the exception of 
Alternative 6, the in-plant return side stream technology would operate for about 5 years and 
reduce the ammonia plant discharge concentration by about 10 percent, which would result in a 
total reduction of effluent ammonia of about 20 percent from the values in 2008 (including 
cessation of SSB flushing).  In contrast, Alternative 6 would only operate for a little over 
3 years and only reduce the ammonia plant discharge concentration by about an additional 2 to 
3 percent, resulting in a total reduction of 12 to 13 percent. 

Table 14. Nitrogen Removal Cost, Duration,  
and Impact on SRWTP Discharge 

Alternative  
Total Net 

Present Value, 
2012 Dollars,

($ Million) 

 
Potential 

Operating 
Duration, 
(Years) 

Additional Percent 
Ammonia Conc 

Reduction in 
SRWTP Discharge 

(%) 

1 – DEMON® 31.6 5.00 10 

2 – NSBR 46.9 5.25 10 

3 – Nitritation 36.9 5.25 10 

5 – MBR 50.1 5.00 10 

6 – ATTP 5.5 3.08 2 – 3 

* Average effluent ammonia concentration assumed to be 29 mg N/L 
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7.0 Summary 

This TM evaluated in-plant return side stream treatment. Six alternatives were considered in the 
evaluation. Two of the six technologies were dismissed as follows (cost and cost/benefit were 
not considered in this fatal flaw screening): 

 Alternative 4 (MBR to treat BRF centrate) – this was dismissed because the BRF 
operates on an intermittent basis, which can lead to biological process failure. 

 Alternative 6 (Use the ATTP plant) – this was dismissed because it would only be 
operated about 3 years (versus 5 years for the other alternatives) and it could only treat a 
smaller load than the other alternatives (0.46 versus 2.30 mgd average flow for the other 
alternatives). As a result, the potential ammonia load reduction is considerably smaller 
than the other alternatives. In addition, this option removes the potential for further 
process optimization and research for the full scale system. 
 

A cost comparison and summary on the alternatives not fatally flawed is as follows (in order of 
increasing NPV): 

 Alternative 1 (DEMON®) – this alternative removes the nitrogen from the in-plant 
return side stream. This innovative technology is the least expensive ($31.6 Million 
Total NPV), requires the smallest footprint, and would not require any chemicals. 
However, the technology is still emerging in US markets, relies on slow growing 
bacteria prone to long start-ups and has minimal experience with variable influent 
composition and temperatures anticipated at SRWTP. 

 Alternative 3 (Nitritation) – this alternative converts the ammonia load to a combination 
of nitrite/nitrate. This innovative technology is the second least expensive ($36.9 
Million Total NPV) and requires the second smallest footprint. The technology is still 
emerging in US markets and has minimal experience with variable influent composition 
and temperatures anticipated at SRWTP.  

 Alternative 2 (NSBR) – this alternative converts the ammonia load to a combination of 
nitrite/nitrate. This established technology is the second most expensive ($46.9 Million 
Total NPV), requires the largest footprint, and is an established technology with 
variable influent composition and temperatures anticipated at SRWTP. 

 Alternative 5 (MBR to treat side stream) - this alternative converts the ammonia load to 
a combination of nitrite/nitrate. This established technology is the most expensive 
($50.1 Million Total NPV), requires the second largest footprint, produces a reuse 
quality effluent, and has experience with variable influent composition and temperatures 
anticipated at SRWTP. If the in-plant return side stream treatment plant continued after 
year 2020, the membranes would most likely require replacement by the end of year 
2020. 
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A summary of the economic and non-economic factors listed above is provided in Table 15. 
Alternative 1 (DEMON®) is the least expensive, followed by Alternative 3 (Nitritation). 
Despite the lowest normalized cost, both Alternatives 1 (DEMON®) and 3 (Nitritation) have 
minimal experience with the variable influent composition and temperatures anticipated at 
SRWTP. The NSBR is the third most expensive, but has the advantage of being widely used 
and is well understood. 

Table 15. Treatment Technology Economic and Non-Economic Comparison (In Order of Ascending NPV) 
Alternative Total Net 

Present Value, 
2012 Dollars, 

($ Million) 

Technology 
Status 

Footprint Alternative Effluent 
Nitrogen Species 

Chemical 
Addition 

Requirements 

1 – DEMON® 31.6 Emerging * Smallest About 85% as N2(g); 
About 15% as Nitrate 

None 

3 – Nitritation 36.9 Emerging * 2nd Smallest Nitrite/Nitrate Alkalinity 
2 – NSBR 46.9 Established Largest Nitrite/Nitrate Alkalinity 
5 – MBR 50.1 Established ** 2nd Largest Nitrite/Nitrate Alkalinity 

*   Treatment technology has dozens of installations but little or none experience in treating ambient temperature wastewater 
and highly variable SRWTP feed 
** This proven technology has limited experience treating side streams, especially the highly variable wastewater 
composition seen at SRWTP. 
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  Alternative 1 – Anammox/DEMON 

SINGLE-STAGE NITRITATION/ANAMMOX PROCESS 

 
Anammox Granulates (Photos by Paques Engr) 

 
Anammox Schematic as a Sequencing Batch Reactor (SBR) 

Anammox Granulate samples Olburgen, NL On top of Anammox Reactor at Olburgen WWTP 
  

 

TECHNOLOGY: Single Stage Nitritation - ANAMMOX NITROGEN REMOVAL PROCESS 

DESCRIPTION: The single stage process consists of two primary biological reactions: i) nitritation and ii) anammox.  
Roughly 50% of the ammonia is converted to nitrite (nitritation), whereby the remaining 
ammonia/nitrite is converted to nitrogen gas by Anammox bacteria that use the ammonia and nitrite 
as the electron donor and acceptor, respectively. The initial anammox reactors only used dewatering 
centrate (>30°C); recent research has shown that the process can function as low as 15°C The 
reaction is governed by pH.  Additionally, external carbon source is not required unless the ratio of 
ammonia/nitrite is less than desired for Anammox. 

Mixing
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Aeration

NH3  NO2
-

30 – 40°C
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+ + NO2
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  Alternative 1 – Anammox/DEMON 

1.32 0.066 0.13
1.02 0.26 0.066 . . 2.03  

Anammox bacteria produce an exorbitant amount of extracellular polymeric substance that facilitates 
the formation of granular sludge (see floc images above) or attach to carrier media. 

Several different names exist for the process.  The difference in the processes relates to the 
operational control strategy.  The three primary proprietary names for the process are: i) Completely 
Autotrophic Nitrogen removal Over Nitrite (CANON®), ii) Oxygen-Limited Autotrophic Nitrification 
Denitrification (OLAND®), and iii) DEamMONification (DEMON®), whereby the first two are 
controlled by oxygen levels and the third is governed by pH control. 

APPLICATION POINTS: Solids processing return side-streams and industrial waste streams with high ammonia levels 

CONSTITUENTS REMOVED: Nitrogen 

DEVELOPMENT STATUS: The Sharon Anammox Process was originally developed at Delft University (Netherlands).  Paques 
Engineering acquired the worldwide license in 1999. The first full-scale Sharon Anammox (two-stage) 
facility was commissioned in 2002 at Rotterdam Dokehaven WWTP in the Netherlands. Since then 4 
more installation, three in Europe and 1 in Japan have been placed into service.  

Technology has evolved significantly since its first installation. The latest design features a single 
stage Anammox making the dual stage Sharon-Anammox obsolete. 

PERFORMANCE (expected): Greater than 80 percent nitrogen removal in the return side stream 

RELIABILITY: Plots from SCADA systems at Rotterdam and Olburgen, NL indicate stable operation and high levels 
of nitrogen removal (~80 percent). 

BENEFITS:  No external C-source required (compared to typical NDN process) 
 Power consumption reduced by ~ 60% 
 CO2 emission reduced by ~ 90 % 
 Limited production of excess sludge 
 Compact 
 Good settling characteristic of granulate sludge 
 Greenhouse gas emissions are less than conventional BNR: greater than 4.7 ton CO2/ton N 

versus 0.7 ton CO2/ton N with SHARON®/ANAMMOX® (Stowa, 2001).   

LIMITATIONS: Limited to return side stream and industrial applications with high ammonia levels with proper 
alkalinity:ammonium molar ratios and pH close to neutral. 

PROCESS ADAPTABILITY: Intercept return stream and supply unit 

PRETREATMENT 
REQUIRED: 

 Flow equalization to handle flow and load variability 

 Screens and grit removal to account for in-plant return side stream loads 

EQUIPMENT: Tankage, pumps, air (SHARON step), mixers, heat exchangers, plumb heat source 

POTENTIAL FATAL FLAWS 
AT SRWTP 

 Molar ratio HCO3-:NH4+ (1.1:1) (Hellinga et al., 1998) 

 Ability to achieve 20-30 percent ammonia reduction 

FOOTPRINT 1.25 sf for a 30 ft deep reactor per 1,000 gpd (NOTE: nitrogen load primarily governs sizing) 

COST: Capital costs about $12/gpd capacity installed  

O&M – User dependent.  Heat, Mixing, Pumping. 

RESIDUALS: Minimal due to such exceptionally low yield (0.05 kg VSS/kg N) 

TYPICAL DESIGN 
CRITERIA: 

Parameter Units Single-Stage Anammox 

HRT hrs 4 – 8 

SRT d 30 
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Reactor Depth ft 20 – 30 

Oxygen Demand lb O2/lb N 2.4 

N-NH4 Loading kg/m3/d 1.5 – 2.5 

Nitrogen Removal Rate kg N/kg VSS/d 1 

Yield kg VSS/kg N 0.05 

O&M CONSIDERATIONS:  Reactor start-up issues (Anammox growth 11 to 16 d doubling rate) 

 Molar ratio HCO3-:NH4+ (1.1:1) (Hellinga et al., 1998) 

 Protozoan grazers can reduce partial nitrification rates (Stowa, 1996a) 
 Nitrite bleed through upon introduction into liquid stream 
 Maintaining Anammox bacteria that are exceptionally slow-growers (11 to 16 d doubling rate) 

VENDORS:  M2T – (http://www.m2ttech.com/) SHARON 

 Paques - (http://www.paques.nl/?pid=46&parentid=41) Anammox 

 World WaterWorks – DEMON® (see attached) 

FACILITIES: n/a for US as of Nov 2009 (just SHARON facility at Ward’s Island, NY, NY) 

implementation possible in corporation with Paques Engineering 

DC Water and Hampton Roads Sanitation District are in the design and pilot phase, respectively. 

PUBLICATIONS:  Hellinga, C., Schellen, A.A.J.C., Mulder, J.W., Van Loosdrecht, M.C.M. and Heijnen, J.J. (1998)  
The SHARON process: an innovative method for nitrogen removal from ammonium-rich waste 
water.  Wat. Sci. & Technol. 37, 135-142 

 Hunik, J.H. (1993)  Engineering aspects of nitrification with immobilized cells.  PhD thesis, 
Wageningen University, the Netherlands. 

 Jetten, M.S.M., Strous, M. Van de Pas-Schoonen, K.T., Schalk, J., Van Dongen, L.G.J.M., Van 
de Graaf, A.A., Logemann, S., Muyzer, G., Van Loosdrecht, M.C.M. and Kuenen, J.G. (1999) The 
anaerobic oxidation of ammonium. FEMS Microbiol. Rev. 22, 421-437. 

 Logemann, S., Schantl, J., Bijvank, S., Van Loosdrecht, M.C.M., Kuenen, J.G. and Jetten, M.S.M. 
(1998) Molecular microbial diversity in a nitrifying reactor system without sludge retention.  FEMS 
Microbiol. Ecol. 27, 239-249. 

 STOWA (1996a) One-reactor system for ammonium removal via nitrite.  Report no 96-01.  
STOWA, Utrecht, The Netherlands.  ISBN 90 74476 39 2. 

 STOWA (1996b) Removal of ammonium from sludge water with the Anammox process.  
Feasibility study.  Report no 96-21.  STOWA, Utrecht, The Netherlands.  ISBN 90 74476 55 4. 

 STOWA (2001) The combined Sharon/Anammox process.  Report no 2000-25.  STOWA, 
Utrecht, The Netherlands.  ISBN 90 5773 104 5. 

 van der Star, W.R.L., Abma, W.R., Blommers, D., Mulder, J.-W., Tokutomi, T., Strous, M., 
Picioreanu, C., van Loosdrecht, M.C.M. (2007)  Start-up of reactors for anoxic ammonium 
oxidation: Experiences from the first full-scale anammox reactor in Rotterdam.  Wat. Res., 41, 
4149-4163. 

 van der Star, W.R.L., Miclea, A.I., van Dongen, U.G.J.M., Muyzer, G., Picioreanu, C., van 
Loosdrecht, M.C.M. (2008)  The membrane bioreactor: A novel tool to grow anammox bacteria as 
free cell.  Biotechnol. & Bioengr., 101, 286-294 

 
 
 



 

DATE:  10 September, 2012 
TO:   Jose Jimenez – Brown & Caldwell 
FROM: Chandler Johnson – World Water Works (WWW) 
CC:  Dan Dair – WWW; Jim Zaiser - JBI 
RE:  Information on Demon® Treatment Process – Sacramento, CA WWTP 

 
Below are some graphs showing the typical cycle of a Demon® treatment system. 

1. DEMON® TREATMENT PROCESS 
 

Deammonification represents a short-cut in the N-metabolism pathway and comprises of 
2 steps.  About half the amount of ammonia is oxidized to nitrite and then residual 
ammonia and nitrite is anaerobically transformed to elementary nitrogen.  See this 
shortcut in the diagram below.  By using this process there is no excess oxygen required 
or external carbon source to achieve nitrogen removal.  
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Implementation of the pH controlled DEMON® process for deammonification of reject 
water in a single sludge SBR is what this design is proposed around.  The specific energy 
demand of the side stream process results in 1.4 kWh per kg ammonia nitrogen removed 
comparing to about 6.5 kWh of mainstream treatment.  This process is achieving results 
of greater than 90% at the Strauss WWTP (see data presented below).  Biomass 
enrichment and DEMON-start up is key for this process to achieve its results in a short 
period of time and this proposal provides the seed sludge and start up assistance to 
ensure achieving the goal of efficient nitrogen removal. 
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DEMON® TANK COMPONENTS 
 

a) Cyclone – A cyclone will be used for this project and will have submerged pumps 
feeding it one time per cycle for a period time to waste out the AOB and NOB 
bacteria.  The overflow (waste sludge of AOB and NOB bacteria) will be 
discharged from the system while the underflow (Anammox bacteria) will be 
returned to the reactor.  
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b) Instrument Float – the instruments for control of the process will be installed on a 
float system which will float with the level of the system.  One (1) pH probe & one 
(1) DO probe for control of the overall operation of the process will be provided for 
each process train provided.  Dedicated SC1000 controllers from HACH are our 
recommendation for these items into each reactor.   The conductivity probe is also 
to be provided with its own SC200 controller.  Spare instrument locations will be 
provided in the instrument float for adding additional analyzers over time. 

 
 

c) Seed Sludge – for the quick start up of the Demon treatment process, an 
adequate amount of seed sludge will be supplied. The seed sludge will be shipped 
in as dry content possible based on the harvesting technique used and will be 
added to the systems as they are started up.   
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d) Aeration System – The Messner aeration system will be supplied in each tank.  It 
is estimated that a total of 112 Messner panels (336 Total) will be provided inside 
each tank with the mixer areas being free of aeration panels. Three (3) aeration 
feed pipes will be provided to feed the Messner panels in each reactor provided 
(nine (9) total drop pipes). 
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e) Decanter – The Patented Schreiber Decanter is a specially designed decanter and 
is very effective for use with the Demon process and is made from very durable 
stainless steel. One (1) Decanter will be provided for each reactor provided (three 
(3) Total). 
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f) Side Mounted Mixers – A total of three (3) Landia side mounted mixers will be used to 

maintain mixing energy within each reactor provided (nine (9) total).  The mixers will help 
re-suspend the “reds” during the start up phase of each cycle.  VFD’s may be provided to 
allow the mixers to be turned down and save on energy during the overall operation of the 
cycle.   
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g) Blowers – Positive displacement blowers capable of providing the necessary 
turndown for operation of the Demon® system are to be provided.  Eight (8) - 100 
HP Aerzen blowers (6 duty + 2 standby) each sized for 1,000 SCFM will be 
provided.  This blower design will allow the most flexibility in allowing the system 
have efficient use of blower capacity during start up and low load periods of time.  
The blowers will each have its own sound enclosure to maintain < 85 db sound 
rating.  Each blower will also be equipped with a variable frequency drive unit to 
allow efficient turndown of the blower while maintaining the proper dissolved 
oxygen concentration in the Demon reactor.   

 

 

h) Documentation / Design / License  – All necessary documentation and design 

information will be provided as well as a license for treating the Maximum Month 

Load of 10,015 lb/day average load to the system.  
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2. CONTROLS 

World Water Works provides pre-wired control panels to optimally control all equipment 
provided within the scope of this proposal.  World Water Works includes an Ethernet 
connection with the control panel to allow remote access to the program and to assist in 
troubleshooting. 
 

INSTRUMENTATION 
Electrical Enclosure Hoffman, NEMA 4X 
PLC   Siemens  
Software   Siemens 
Touchscreen  15 inch Color Touch Screen 
Motor Starters  Cutler Hammer or equiv 
Indicator & Stack Lights Cutler Hammer or equiv, Nema 4 
Control Buttons  Cutler Hammer or equiv, Nema 4  
Local Disconnect  Hubbell, Nema 4x 
Air Solenoids  SMC 
Phase Protector  SYMCON 

  

ADDITIONAL OPTIONS PROVIDED  
Remote Operation Capability   
UL Listed Panel 
Stainless Steel Electrical Enclosure 
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PLC Panel – The PLC panel and control program is the heart of the Demon 
process and its integral to our scope of supply.   The PLC program will have each 
reactor created as a separate reactor.  The reactor will have independent feed of 
raw centrate, aeration and mixing time.  A touch panel with remote access is 
standard for allowing WWW and Cyklar-Stulz access to the system and provide 
operational oversight. 
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Operation of the Demon process is shown below in the screen shot of pH and DO 
of the system.  The Demon process operates under intermittent aeration, feeding 
and mixing.  The graph below shows 24 hours of operation and 3 - 4 cycle periods.  
These cycle periods show multiple sub-cycles within each 6 - 8 hour cycle.  The 
below graph is the level within the SBR tank and the sequence of the system.   
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Basic process figures design design
water temperature  in DEMON®-tank 20 °C 68 F

Load and concentration

Daily water flow 7,571 m3/d 2.00 MGD

NH4-N-load 4,543 kg/d 10,014 lb/day

NH4-N-concentration 600 mg/L 600 mg/L

COD soluble, degradable (estimate) 300 mg/L 300 mg/L

Suspended solids 500 mg/L 500 mg/L

COD soluble, degradable load 2,271 kg/d 5,007 lbday

Ssuspended solids load 3,785 kg/d 8,345 lb/day

SBR-cycle

Active time 7.0 h 7.0 h

Sedimentation 0.5 h 0.5 h

Decant 0.5 h 0.5 h

Total cycle 8.0 h 8.0 h

DEMON-tanks

Number of tanks 3 in parallel 3 in parallel

Max. water depth 6.00 m 19.7 ft

Volume per Tank 4,030 m3 142,289 ft3

Min. water level 4.75 m 15.58 ft

Inlet

Feeding pump per tank 3 x 400 m3/h 286 gpm

Design of aeration system

Oxygen consumption

Daily oxygen consumption, operating conditions 10,139 kg O2/d 22,352 lb O2/d

Oxygen consumption per hour and DEMON® tank, operating conditions 230 kg O2/h 507 lb O2/h

Fine bubble aeration

Design air flow  (per DEMON®-tank) 3,342 Nm3/h 1,967 SCFM

Design air flow  (per ALL TANKS) 10,025 Nm3/h 5,900 SCFM



 

WWW_SacramentoCA_B&C_Demon Design Memo_Rev0_2012_0910  Page 16 
 

 

  

Nitrogen-Load 10,015 lb/day
Energy costs $0.110 USD $ /kWh
Specific energy costs 0.2268 kWh/lb O2
Methanol $0.200 USD $ /lb
Sludge $354 USD $ /US ton

Specific Costs Costs per Year
Conventional Nitrification / Denitrification (USD $ / lb N)
Oxygen 4.3 lb/lb N 0.1073 392,094$                    
Methanol 2.3 lb/lb N 0.4611 1,685,721$                 
Sludge 0.35 lb/lb N 0.0619 226,344$                    

TOTAL 0.6303 2,304,159$                 

Specific Costs Costs per Year
Demon® Treatment System (USD $ / lb N)
Oxygen 1.6125 lb/lb N 0.0402 147,035$                    
Methanol 0 lb/lb N 0.0000 -$                              
Sludge 0.03 lb/lb N 0.0053 19,401$                       

TOTAL 0.0455 166,436$                    

Savings per year on aeration 245,059$                    
Savings per year on Methanol 1,685,721$                 

Savings per year on Sludge disposal 206,943$                    
Total Operational Savings per year 2,137,723$                 
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WWW Scope of Supply: 
Design & Engineering for System 
Three (3) SS Decanters Model 350  
Three hundred Thirty-six (336) Messner Aeration panels  
Three sets of Demon® Cyclone Systems 
Four (4) Cyclone Pumps (three duty + 1 standby) each rated for 200 gpm 
Eight (8) Positive Displacement blowers (1,000 SCFM each) with VFD’s on each blower 
(estimated 66 bHP; 100 HP motors) 
Nine (9) – 13.1 HP side mounted mixers with guide rails and Davit Cranes 
Seed Sludge for start up of system delivered to the site 
Demon ® Control program with panel with VFD’s for blowers, cyclone pump and mixers 
Four (4) pH and DO probes with three (3) SC1000 controllers (extra pH and DO for spare) 
Three (3) Conductivity probes with three (3) SC200 controller 
Three (3) – 14 inch flow control values for Decanter to modulate decant flow 
Start up and training services (12 trips / 48 days) 
4 - 6 months of off-site / remote monitoring services 
Estimated cost - $5.9 million USD 
 

Items not included: 
Prestorage tank – volume estimated at 6 - 8 hrs influent flow 
Feed pumps to each Demon Treatment system 
Tanks for Demon Treatment system 
Unloading, storage, installation of equipment 
Electrical connections and interconnecting piping 

 

 

Alkalinity requirements: 

80% Ammonia removal = 2,000 mg/L as CaCO3 

90% Ammonia removal = 2,110 mg/L as CaCO3 

95% Ammonia removal = 2,220 mg/L as CaCO3 



 Alternative 2 - NSBR 

NITRIFYING SEQUENCING BATCH REACTOR (NSBR) 
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TECHNOLOGY: NITRIFYING SEQUENCING BATCH REACTOR (NSBR) 

DESCRIPTION: Sequencing batch reactor (SBR) is a fill-and-draw wastewater treatment system, in which a series of 
conventional activated sludge (CAS) biological treatment steps (i.e., aeration and clarification) are 
carried out sequentially in the same tank.  SBR operation involves Fill, React, Settle, Draw and Idle 
steps.  The React step is typically mixed and aerated.  When biological nutrient removal (BNR) is 
desired, the steps in the cycle are adjusted to provide anoxic or anaerobic periods. 

CONSTITUENTS REMOVED: SBR is applicable for BOD, TSS, and nutrient removal (<10 mg/L BOD, <10 mg/L TSS, 5-8 mg/L TN, and 1-2 
mg/L TP).  

DEVELOPMENT STATUS: Based on EPA survey (1992), there were approximately 170 wastewater treatment facilities in the 
United States which employ the SBR technology.  Approximately 40 of those are operated for BNR.  
Established technology, mainly small plants. 

PERFORMANCE (expected): Completely nitrifies. In side stream treatment application, can only achieve 15-25% reduction in the 
plant effluent ammonia. Ammonia concentration for in-plant return side stream goes from about 500 
mg N/L to <25 mg N/L. 

RELIABILITY: The technology is typically applicable for small flow (<5mgd) wastewater treatment system 

BENEFITS:  High operational flexibility 

 Tolerates peak flows/loads as it deals solely with BRF and SSBs return flow 

 Proven technology as a secondary treatment technology 

 Do not need secondary clarifiers or RAS pumping 

 Can provide more than low ammonia removal objective from solids seeding into the CO Tanks 

 The nitrate (NO3) generated will aid in odor control in the influent system. Could reduce chemical 



 Alternative 2 - NSBR 

addition. 

LIMITATIONS:  Complex instrumentation and control system  

 Only one other installation identified for this application (Winnipeg, Canada) 

PROCESS ADAPTABILITY: Sidestream application 

PRETREATMENT REQUIRED: No additional pretreatment for sidestream return flow treatment. 

EQUIPMENT: Mixers, aeration, electrical, controls, pumps, etc. 

RESIDUALS: WAS at 1% to 2% solids (Returned to plant influent) 

O & M CONSIDERATIONS  Minimize operation and maintenance requirements associated with conventional RAS pumps clarifiers 

 Process automated to go through aeration/decant cycles 

 Similar operational effort as activated sludge 

VENDORS: Aqua-Aerobics, AJB, Siemens and others 

FACILITIES: Aqua-aerobic: Domestic:  Taneytown, MD – 1.65 mgd (BOD removal and nitrification) 

Siemens:  Domestic:  Fruitland, Maryland – 1 mgd (BOD removal and nitrification) 

ABJ: Domestic: South Dayton, Nevada– 0.2 mgd (BOD removal and nitrification) 

International: Several facilities in Europe and China (e.g., Dublin, Ireland – 250 mgd) 

 
 



 

Alternative 3 - Nitritation 

NITRITATION PROCESS 
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TECHNOLOGY:  Nitritation (Partial Nitrification) 

DESCRIPTION:  In the Nitritation process, the ammonia load in the sidestream is partially nitrified to nitrite prior 
to sending back to the liquid stream.  The ammonia oxidation is stopped at the nitrite step by 
controlling the pH and DO. The aim is to reduce the pH to a level where the nitrite oxidizing 
organisms are nitratation is hindered. A portion of the ammonia feed will be fully oxidized to 
nitrate until the pH is suppressed as alkalinity is lost. 

Nitritation: NH4+ + 1.5 O2 → NO2- + H2O + 2 H+ 
APPLICATION POINTS: Centrate and SSB return flows 

CONSTITUENTS  
REMOVED: 

Ammonia 

DEVELOPMENT 
STATUS: 

Widely used in Europe for the SHARON process and centrate nitrogen removal. New York just 
completed largest SHARON facility in North America 

PERFORMANCE 
(expect): 

Ammonia removal efficiencies from centrate recycle streams of greater than 90% have been 
observed where the influent flow contains 600-1000 mg/L ammonia 

RELIABILITY: Proven reliable at smaller scales in Europe; North American data pending 

BENEFITS:  Saves 25% of the oxygen demand and 

 Low O&M cost 

LIMITATIONS:  Currently limited to return side stream loads (pilot level research investigating main plant 
flow) 

 Supplemental alkalinity required to maintain the pH between 5.0 and 6.0. 
 High capital cost 

PROCESS 
ADAPTABILITY: 

Flexible process.  Partially nitrified effluent can be routed to head of the plant, aeration tanks, or 
other application points within the plant 

PRETREATMENT 
REQUIRED: 

Alkalinity; Can accept centrate at a variety of dewatering concentrations   

EQUIPMENT  Centrate pumping and controls; 

 Aerated reactor tanks; 

 Blowers and process air piping, distribution grid and diffuser; 

 Alkalinity storage and pumping station;  

 Electrical power substation (possible) 

POTENTIAL FATAL 
FLAWS AT SRWTP 

Side stream nitritation only. No seeding effect. 



 

Alternative 3 - Nitritation 

FOOTPRINT: Smaller than conventional bioaugmentation facilities for high-strength waste stream ammonia 
removal 

COST:  Cost estimated as 1.5 euro/ kg NH4-N removed, or $1/lb of NH4-N (the Netherlands); Used 
the same cost values as SHARON (it should be cheaper with a smaller basin and no MeOH 
addition points). 

RESIDUALS: NA 

TYPICAL DESIGN 
CRITERIA: 

 Operates at temperatures greater than 15 degrees Celsius.  

 HRT may range from 1 to 3 days 

 pH from 5-6 

O&M CONSIDERATIONS:  pH control is necessary to hinder nitrite oxidizing organisms 

VENDORS: No vendors specific for Nitritation, but for SHARON: Process: M2T – (http://www.m2ttech.com/); biological 
reactors can be fitted with controls to implement nitritation 

FACILITIES Several in Europe, North America market penetration minimal 

PUBLICATIONS:  Hellinga, C., Schellen, A.A.J.C., Mulder, J.W., Van Loosdrecht, M.C.M. and Heijnen, J.J. 
(1998)  The SHARON process: an innovative method for nitrogen removal from ammonium-
rich waste water.  Wat. Sci. & Technol. 37, 135-142 

 Mulder, J.W., Van Loosdrecht, M.C.M., Hellinga, C., Van Kempen, R. (2001) Full-scale 
application of the SHARON process for treatment of rejection water of digested sludge 
dewatering. Water Sci. Technol. 43, 127–134 

 
 



  

 Alternative 5 – MBR (Treating In-Plant Return Side Stream) 

MEMBRANE BIOREACTOR (MBR) 
 

 

 

 
TECHNOLOGY: MEMBRANE BIOREACTOR 

DESCRIPTION: The membrane bioreactor (MBR) treatment process is a suspended growth treatment process that combines 
secondary processes (i.e., activated sludge & secondary clarification).  Solids are separated through either hollow-
fiber membranes or flat sheets immersed in a tank.  A conventional aeration basin is upstream of the membrane tank 
to meet process air requirements.  RAS is returned from the membrane tank to the head end of the basin as in 
conventional activated sludge. MBR systems typically operate at 10,000 mg/L mixed liquor suspended solids levels. 

APPLICATION POINTS: Secondary treatment (meet tertiary treatment levels), Water Reuse, Nutrient removal, Parallel treatment 
bioaugmentation 

CONSTITUENTS  
REMOVED: 

TSS removal up to 99%, BOD removal up to 99%.  Nitrification and denitrification can be accomplished as in 
conventional treatment processes without adverse impacts on the membrane.  Effluent TSS and BOD concentration 
are typically less than the detection limit. 

DEVELOPMENT STATUS: Developing in North America.  Largest North American installation at Brightwater, King County, WA – 30 mgd; IRWD, 
California - 12 mgd.  Numerous smaller installations in the US.  Typical drivers are low effluent requirements, site 
space limitation, or water reuse. 

PERFORMANCE: Completely nitrifies (< 1 mg/L NH4-N). Produce filtered effluent and nitrate. 

RELIABILITY: System excels at handling at TSS & BOD peaks.  However, MBRs struggle in hydraulic loading variability.  Flow 
equalization is often designed upstream to provide uniform membrane loading.   

BENEFITS:  Operation at high MLSS (10,000-12,000 mg/L) 
 Reduced footprint; high quality effluent 
 Automated continuous operation 

WAS

Aeration Basin 

RAS 

Membrane Tank

MBR
Effluent

Membrane Bioreactor



  

 Alternative 5 – MBR (Treating In-Plant Return Side Stream) 

 No need for separate clarification stage 
 Complete treatment in one unit – requires no primaries 
 No secondary clarifier 
 Effluent ready meets reclamation requirements (excluding disinfection); effluent could be pumped to the reuse 

plant for recycling. 
 Nitrate produced will reduce odor control needs in the influent flow. 

LIMITATIONS:  Few full scale facilities more than 5 mgd.   
 At high MLSS, the aeration basin becomes limited in oxygen transfer capacity.   
 Units susceptible to foam entrapment. 
 Membrane replacement costs every 5 – 10 years. 

PROCESS ADAPTABILITY: Implement as parallel treatment unit. This will increase the capacity available in the HPO plant. 

PRETREATMENT 
REQUIRED: 

2-3 mm screens, grit removal (no primary clarification).  Zenon also recommends an internal fine screen to remove 
debris from MLSS. 

EQUIPMENT: Biological reactors, membrane tanks, blowers, recycle pumps, permeate pumps. Process is completely automated. 

RESIDUALS: WAS at 1% to 2% solids.  Similar to low rate activated sludge, but zero solids loss during solids separation. 

O&M CONSIDERATIONS: Reliable access to the membrane modules is key to operation and maintenance.  Once PLC is functionary properly, 
overall maintenance of the system is relatively low.  The membranes go through frequent membrane relaxing or back 
pulse and a periodic deep chemical cleaning process.  Redundant membrane facilities are required to meet critical 
flow periods under all conditions. 

VENDORS: Siemens, Ovivo, and several others 

FACILITIES: US 
California: American Canyon, CA (4 mgd-Zenon); Corona, CA (2 mgd-Zenon); Laguna County (0.5 mgd-Zenon), 
Healdsburg, CA (4 mgd-Siemens) 
Florida: Key Colony (0.8 mgd-Zenon); Lehigh (0.8 mg-Zenon) 
Massachusetts: Cohasset (1 mgd-Zenon) 
New Hampshire: Epping (0.4 mgd-Zenon) 
Colorado: Arapahoe County (2.7 mgd-Zenon) 
Washington: Salish Tribe (1 mgd-Kubota), King County Brighwater (36 mgd), Stevens Pass (0.5 mgd-US Filter), 
LOTT (2 mgd-US Filter), Sammamish Plateau (1 mgd-?), Duvall (2 mgd-Zenon) 
Oregon: Bandon Dunes Golf Course (0.2 mgd-Kubota) 
International 
About 20 facilities in Europe  

 
 



 

   
 

Alternative 6  Advanced Treatment Technology Pilot Conversion for Ammonia 
Removal 
 
This document summarizes a preliminary analysis to determine the requirements to maximize the 
treatment capacity of the air activated sludge (AAS) pilot plant to treat full-scale solids processing 
sidestreams in an effort to reduce the ammonia content in the final discharge at the Sacramento 
Wastewater Treatment Plant (SRWTP). If this project were implemented, it would begin at the 
conclusion of the Advanced Treatment Technology Pilot (ATTP) Project and would operate until the 
full-scale SRWTP were upgraded to meet the future discharge limitations. 
 
Design Basis 

Brown and Caldwell reviewed data for the SRWTP solids processing side streams (i.e. return streams 
from the solids storage basis [SSB] and biosolids recycling facility [BRF]) to define a design basis for 
repurposing the AAS portion of the pilot plant. Based on wastewater characteristics of the side 
streams with and without BRF determined as a part of the ATTP Project, the latter was selected as 
the worst-case scenario (because of it had the higher TKN concentration) for determining the 
capacity of the existing AAS plant. This is consistent with available historical data for both streams. 

BC staff contacted 91st Avenue Wastewater Treatment Plant (WWTP) in Phoenix, AZ which treats 
their high ammonia load centrate in a separate nitrification system. Their data shows a sludge 
volume index (SVI) value of 65 mL/g (90th percentile). A more conservative SVI value of 100 mL/g 
was selected for our analysis. 

A design aerobic solids retention time (SRT) of 8 days and a minimum temperature of 15 degrees C 
were selected for the AAS; historical data for SSB shows minimum temperature of approximately 12 
degrees C. Based on steady state BioWin modeling results, a temperature of 15 degrees C would still 
allow for the existing AAS plant to accommodate nitrification at an SRT of 8 days. For reference, an 
aerobic SRT of 7.5 days was used for the design of the AAS.  
 
Table 1 below summarizes wastewater characteristics used for the evaluation. 
 

Table 1.  Design Basis 

Parameter 
TSS 

(mg/L) 
VSS 

(mg/L) 
ISS  

(mg/L) 
COD 

(mg/L) 
BOD5 

(mg/L) 
TKN  

(mg N/L) 
NH3-N 

(mg N/L) 
TP  

(mg P/L) 
ALK (mg 

CaCO3/L) pH 
Temp.  

(°C) SVI 

Value 420 353 67 1,100 235 450 335 73 1,450 7.9 15 100 
 
 
Modifications to AAS Pilot 
 
Due to wastewater characteristics of the side stream (i.e., high TSS, high ammonia), using the AAS 
without modifications would result in clarifier, aeration and alkalinity limitations with limited benefit 
in reducing  the total effluent ammonia discharge. Therefore, BC identified possible modifications to 
the AAS Pilot plant for side stream treatment to potentially overcome process limitations and 
therefore reduce total effluent ammonia discharge. These modifications include: 

‐ Dissolved air flotation (DAF) of AAS influent to remove 90 percent of TSS (and address 
clarifier limitations); 

‐ Increase in alkalinity addition and storage; and 



 

   
 

‐ Increase in aeration system capacity with additional diffusers or using a pure oxygen aeration 
technology (the Praxair Raptor was assumed). 
 

 
BC performed a state point analysis to determine the critical mixed liquor suspended solids (MLSS) 
for the clarifier at a SVI of 100 mL/g. BioWin modeling results were used to determine alkalinity and 
aeration requirements as well clarifier limitations. Results showed that the modified AAS pilot can 
oxidize 1,300 lb NH3-N/day which equates to 0.40 MGD. 
 
Impact to Final Effluent Ammonia Discharge 
 
Based on 2010 (Jan – Dec) historical data, annual average ammonia-N loading in SRWTP final 
effluent was approximately 29,500 lb-N/day. BioWin modeling results showed that the modified AAS 
pilot plant is able to oxidize up to 1,300 lbN/day under the conditions evaluated. This is equivalent 
to a reduction in total effluent ammonia discharge by 4.4 percent. 
 
Cost Estimate 
 
BC performed a conceptual capital cost analysis and determined select O&M costs (i.e., chemicals, 
energy and maintenance). These costs will need to be refined, but serve as a rough order of 
magnitude for budgetary purposes. The following tables summarize capital and operational costs for 
repurposing of AAS pilot. Modifications to the AAS pilot will cost approximately $3.2 million in capital 
and $562,000/yr in O&M cost. It is important to note that this cost estimate does not include the 
cost of the footprint that would not be available to the construction contractor during full-scale plant 
upgrade.  
 
 



 

   
 

Table 2.  Estimated Project Capital Cost (2011 dollars) 
Cost Item Estimate Cost, U.S. Dollars 

Influent Pump Station (Q = 0.456 MGD) 350,000 

Piping 78,400 

Splitter Pump to Rearation Tank 15,000 

Fine Bubble Aeration System Modifications 10,000 

Caustic storage tank with double containment (10,000 gal) 50,000 

DAF System 245,000 

Praxair aerator (and tank) installation 95,000 

     Estimate Subtotal (Field Cost) 843,400 

Markups   

Electrical and Instrumentation (25%) 295,000 

Labor Mark-up (10 percent) 84,000 

Material Mark-up (8 percent) 67,000 

Subcontractor Mark-up (5 percent) 42,000 

Equipment Mark-up (8 percent) 67,000 

Sales Tax (7.75 percent) 65,000 

Material Shipping & Handling (2 percent) 17,000 

Escalation to Midpoint (1.3 percent) 20,000 

Contractor General Conditions (10 percent) 150,000 

Start-up, training, O&M (3.5 percent) 58,000 

Construction Contingency (35 percent) 598,000 

Bldg Risk,Liability Auto Ins. (2 percent) 17,000 

Bonds (1.5 percent) 35,000 

Engineering, Legal, Administration (35 percent) 825,000 

     Total 3,183,000 
 
 



 

   
 

Table 3.  Estimated Project Operational Cost 

Cost Item Usage Unit Cost 

Annual 
cost, 

dollars 
per year 

Labor     

Operators 2,920 hrs/yr $50/hr 146,000 

Electricity     

Pilot Influent Pumps 60,500 kWhr/yr $0.094/kWhr 6,000 

RAS Pumps 24,200 kWhr/yr $0.094/kWhr 2,000 

Blower Aeration 327,000 kWhr/yr $0.094/kWhr 31,000 

Pilot Effluent Pumps 33,000 kWhr/yr $0.094/kWhr 3,000 

DAF system 61,000 kWhr/yr $0.094/kWhr 6,000 

Chemicals     

Polymer 0.8 lb/day $2.00/lb 1,000 

Other operating costs       
Praxair Raptor 

Rental 7-yr lease $5,000/mo 60,000  

Praxair Tank Lease 7-yr lease $1,400/mo 17,000  

LOX use 8,448 lbO2/day $0.042/lb 130,000 

Maintenance   2% of construction cost 160,000 

Total     562,000 
 
 
 
 

 

 



 

 

 
 
 
 
 
 
 
 
 
 

Appendix B 

 
Equipment Layouts 

 



 

 

 
Figure B - 1. Alternative 1 (DEMON) Equipment Layout  



 

 

 
Figure B - 2. Alternative 2 (Nitrifying SBR) Equipment Layout  



 

 

 
Figure B - 3. Alternative 3 (Nitritation) Equipment Layout  



 

 

 
Figure B - 4. Alternative 5 (MBR Treating In-Plant Return Side Stream) Equipment Layout 



 

 

 
 
 
 
 
 
 
 
 
 

Appendix C 

 
Estimates of Capital Costs 

 

 



Subject: Sidestream Treatment
Project: Sacramento Regional Wastewater Treatment Plant Computed By: MB
Task: Opinion of Probable Construction and Total Project Cost Date: 10/10/12
Job Number:
Line Item: Option 1- DEMON®

QUANTITY UNITS UNIT COST INSTALL TOTAL COSTSPEC SECTION AND DESCRIPTION QUANTITY UNITS UNIT COST INSTALL TOTAL COST

Bonds and Insurance (2.0% of Divs 2 thru 16) 1 LS $307,000 $307,000
SUBTOTAL $307,000

y q p (
16) 1 LS $767,000 $767,000
Supervision (4.0% of Divs 2 thru 16) 1 LS $614,000 $614,000

SPEC SECTION AND DESCRIPTION

DIVISION 1 - GENERAL REQUIREMENTS

DIVISION 0 - BIDDING REQUIREMENTS, ETC.

SUBTOTAL $1,381,000

SST Pump Station 1 LS $175,000 $175,000
Diversion Manhole 1 LS $100,000 $100,000
Discharge Manhole 1 LS $80,000 $80,000
SST Feed Pipe 1 LS $4,000 $4,000
Screening and Grit Removal 1 LS $8,000 $8,000
Aeration Basin 1 LS $510,000 $510,000
Blower Building 1 LS $15,000 $15,000

DIVISION 2 - SITE AND CIVIL

g $ , $ ,
Effluent Conveyance 1 LS $5,000 $5,000

SUBTOTAL $897,000

SST Pump Station 1 LS 194000 $194,000
Screening and Grit Removal Slab 1 LS $18,000 $18,000
Aeration Basins 1 LS $2,211,000 $2,211,000
Blower Building 1 LS 34000 $34,000

SUBTOTAL $2,457,000

DIVISION 3 - CONCRETE

SST Pump Station 1 LS $30,000 $30,000
Blower Building 1 LS $73,000 $73,000

SUBTOTAL $103,000

SST Pump Station 1 LS $14,000 $14,000
Screening and Grit Removal Mezanine 1 LS $23,000 $23,000
Aeration Basins 1 LS $200,000 $200,000
Blower Building 1 LS $15 000 $15 000

DIVISION 4 - MASONARY

DIVISION 5 - METALS

Blower Building 1 LS $15,000 $15,000
Caustic Feed System 1 LS

SUBTOTAL $252,000

SST Pump Station 1 LS $9,000 $9,000
Blower Building 1 LS $35,000 $35,000

SUBTOTAL $44,000

DIVISION 7 - THERMAL & MOISTURE PROTECTION

DIVISION 8 - DOORS & WINDOWS
Blower Building 1 LS $6,000 $6,000

SUBTOTAL $6,000

SST Pump Station 1 LS $20,000 $20,000
Screening and Grit Removal Slab 1 LS $90,000 $90,000
Aeration Basins 1 LS $16,000 $16,000
Blower Building 1 LS $17,000 $17,000

SUBTOTAL $143,000

DIVISION 9 - FINISHING

DIVISION 8 - DOORS & WINDOWS

Blower Building 1 LS $25,000 $25,000
SUBTOTAL $25,000

DIVISION 10 - SPECIALTIES



SST Pump Station 1 LS $115,000 $115,000
Screening and Grit Removal 1 LS $520,000 $520,000
Aeration Basins 1 LS $589,000 $589,000
Mixers 1 LS $250,000 $250,000
Clarifier Equipment 1 LS $50,000 $50,000
Blower Building 1 LS $0 $0
Caustic Feed System 1 LS $0 $0

SUBTOTAL $1,524,000

DIVISION 11 - EQUIPMENT

SUBTOTAL $1,524,000

SST Pump Station 1 LS $33,000 $33,000
Screening and Grit Removal 1 LS $149,000 $149,000
ANAMMOX Vendor Package 1 LS $5,900,000 $5,900,000

SUBTOTAL $6,082,000

Blower Building 1 LS $37,000 $37,000
RAS Pipe 1 LS $14,000 $14,000

DIVISION 13 - SPECIAL CONSTRUCTION

DIVISION 14 - CONVEYANCE

RAS Pipe 1 LS $14,000 $14,000
SUBTOTAL $51,000

SST Pump Station 1 LS $102,000 $102,000
Screening and Grit Removal 1 LS $461,000 $461,000
Aeration Basins 1 LS $895,000 $895,000
Blower Building 1 LS $59,000 $59,000

SUBTOTAL $1,517,000

DIVISION 15 - MECHNICAL

DIVISION 16 - ELECTRICAL
Duct Bank 1 LS $200,000 $200,000
Transformers 1 LS $200,000 $200,000

1 LS $98,000 $98,000
Screening and Grit Removal 1 LS $206,000 $206,000
Aeration Basins 1 LS $618,000 $618,000
ANAMMOX Vendor package 1 LS $885,000 $885,000
Blower Building 1 LS $37,000 $37,000

SUBTOTAL $2,244,000

(R d d) $17 033 000

DIVISION 16 - ELECTRICAL

Di i i S bt t l (Rounded) $17,033,000
8.5% $1,448,000

$18,481,000
30.0% $5,544,000

$24,025,000
6.09% $1,463,000

$25,488,000
5.0% $1,274,000
2.0% $510,000

Estimated Bid Construction Cost
Construction Contingency (Changes in Scope of Project)

SRWTP's/SRCSD's Design and Construction Period Costs

Inflation to Construction Mid-point at 3% per year

Division Subtotal
Contractors Markup

Division Subtotal, including Markup
Estimating and Bidding Contingencies

Estimated Construction Subtotal, Current Dollars

3.0% $765,000
8.0% $2,039,000

12.0% $3,059,000
2.0% $510,000
5.0% $1,274,000
0.5% $127,000

$35,046,000

Project Contingency
Permitting

TOTAL ESTIMATED PROJECT COST

Design Services Including Geotechnical and Surveying
Construction Management 

Environmental services



Subject: Sidestream Treatment
Project: Sacramento Regional Wastewater Treatment Plant Computed By: MB
Task: Opinion of Probable Construction and Total Project Cost Date: 10/10/12
Job Number:
Line Item: Option 2- NSBR

QUANTITY UNITS  UNIT COST INSTALL TOTAL COST

Bonds and Insurance (2.0% of Divs 2 thru 16) 1 LS $339,000 $339,000
SUBTOTAL $339,000

16) 1 LS $847,000 $847,000
Supervision (4.0% of Divs 2 thru 16) 1 LS $678,000 $678,000

SUBTOTAL $1,525,000

SST Pump Station 1 LS $175,000 $175,000
Diversion Manhole 1 LS $100,000 $100,000
Discharge Manhole 1 LS $80,000 $80,000
WAS Transfer Pipe 1 LS $36,000 $36,000
SST Feed Pipe 1 LS $4,000 $4,000
Screening and Grit Removal 1 LS $6,000 $6,000
Aeration Basin 1 LS $811,000 $811,000
Blower Building 1 LS $30,000 $30,000
Caustic Feed System 1 LS $1,000 $1,000
Effluent Conveyance 1 LS $5,000 $5,000

SUBTOTAL $1,248,000

SST Pump Station 1 LS $194,000 $194,000
Screening and Grit Removal Slab 1 LS $18,000 $18,000
Aeration Basins 1 LS $3,616,000 $3,616,000

SPEC SECTION AND DESCRIPTION

DIVISION 1 - GENERAL REQUIREMENTS

DIVISION 0 - BIDDING REQUIREMENTS, ETC.

DIVISION 2 - SITE AND CIVIL

DIVISION 3 - CONCRETE

Blower Building 1 LS $96,000 $96,000
SUBTOTAL $3,924,000

SST Pump Station 1 LS $30,000 $30,000
Blower Building 1 LS $169,000 $169,000

SUBTOTAL $199,000

SST Pump Station 1 LS $14,000 $14,000
Screening and Grit Removal Mezanine 1 LS $23,000 $23,000
Aeration Basins 1 LS $290,000 $290,000
Blower Building 1 LS $37,000 $37,000
Caustic Feed System 1 LS

SUBTOTAL $364,000

SST Pump Station 1 LS $9,000 $9,000
Blower Building 1 LS $104,000 $104,000

SUBTOTAL $113,000

Blower Building 1 LS $10,000 $10,000
SUBTOTAL $10,000

SST Pump Station 1 LS $20,000 $20,000
Screening and Grit Removal Slab 1 LS $90,000 $90,000
Aeration Basins 1 LS $17,000 $17,000
Blower Building 1 LS $27,000 $27,000
Caustic Feed System 1 LS $17,000 $17,000

SUBTOTAL $171,000

DIVISION 4 - MASONARY

DIVISION 5 - METALS

DIVISION 7 - THERMAL & MOISTURE PROTECTION

DIVISION 8 - DOORS & WINDOWS

DIVISION 9 - FINISHING



Blower Building 1 LS $40,000 $40,000
SUBTOTAL $40,000

SST Pump Station 1 LS $115,000 $115,000
Screening and Grit Removal 1 LS $520,000 $520,000
Aeration Basins 1 LS $855,000 $855,000
WAS Transfer Pumps 1 LS $10,000 $10,000
SBR Equipment 1 LS $1,283,000 $1,283,000
Blower Building 1 LS $1,085,000 $1,085,000
Caustic Feed System 1 LS $26,000 $26,000

SUBTOTAL $3,894,000

SST Pump Station 1 LS $33,000 $33,000
Screening and Grit Removal 1 LS $149,000 $149,000
Aeration Basins 1 LS $340,000 $340,000
SBR Equipment 1 LS $510,199 $510,199
Blower Building 1 LS $99,000 $99,000
Caustic Feed System 1 LS $118,000 $118,000

SUBTOTAL $1,249,199

Blower Building 1 LS $62,000 $62,000
SUBTOTAL $62,000

SST Pump Station 1 LS $102,000 $102,000
Screening and Grit Removal 1 LS $461,000 $461,000
Aeration Basins 1 LS $1,207,000 $1,207,000
SBR equipment 1 LS $1,138,000 $1,138,000
WAS Transfer Pumps 1 LS $9,000 $9,000
Blower Building 1 LS $200,000 $200,000
Caustic Feed System 1 LS $16,000 $16,000

SUBTOTAL $3,133,000

DIVISION 10 - SPECIALTIES

DIVISION 11 - EQUIPMENT

DIVISION 13 - SPECIAL CONSTRUCTION

DIVISION 14 - CONVEYANCE

DIVISION 15 - MECHNICAL

DIVISION 16 ELECTRICAL
Duct Bank 1 LS $200,000 $200,000
Transformers 1 LS $200,000 $200,000
SST Pump Station 1 LS $98,000 $98,000
Screening and Grit Removal 1 LS $206,000 $206,000
Aeration Basins 1 LS $1,020,000 $1,020,000
Clarifier Equipment 1 LS $484,000 $484,000
WAS Transfer Pumps 1 LS $5,000 $5,000
Blower Building 1 LS $297,000 $297,000
Caustic Feed System 1 LS $31,000 $31,000

SUBTOTAL $2,541,000

(Rounded) $18,812,000
8.5% $1,599,000

$20,411,000
30.0% $6,123,000

$26,534,000
6.09% $1,616,000
5.3% $28,150,000
5.0% $1,408,000
2.0% $563,000

Design: Predesign 3.0% $845,000
12.0% $3,378,000
12.0% $3,378,000
2.0% $563,000
5.0% $1,408,000
0.5% $141,000

$39,834,000

Contractors Markup
Division Subtotal, including Markup
Estimating and Bidding Contingencies

DIVISION 16 - ELECTRICAL

Division Subtotal

TOTAL ESTIMATED PROJECT COST

Estimated Construction Subtotal, Current Dollars

Construction Management 
Environmental services

Project Contingency
Permitting

SRWTP's/SRCSD's Design and Construction Period Costs

Design Services Including Geotechnical and Surveying

Inflation to Construction Mid-point at 3% per year
Estimated Bid Construction Cost

Construction Contingency (Changes in Scope of Project)



Subject: Sidestream Treatment
Project: Sacramento Regional Wastewater Treatment Plant Computed By: MB
Task: Opinion of Probable Construction and Total Project Cost Date: 10/10/12
Job Number:
Line Item: Option 3- Nitritation

SPEC SECTION AND DESCRIPTION QUANTITY UNITS UNIT COST INSTALL TOTAL COST

Bonds and Insurance (2.0% of Divs 2 thru 16) 1 LS $247,000 $247,000
SUBTOTAL $247,000

Job Overhead and Standby Equipment (5.0% of Divs 2 thru 16) 1 LS $617,000 $617,000
S i i (4 0% f Di 2 th 16) 1 LS $494 000 $494 000

SPEC SECTION AND DESCRIPTION

DIVISION 1 - GENERAL REQUIREMENTS

DIVISION 0 - BIDDING REQUIREMENTS, ETC.

Supervision (4.0% of Divs 2 thru 16) 1 LS $494,000 $494,000
SUBTOTAL $1,111,000

SST Pump Station 1 LS $175,000 $175,000
Diversion Manhole 1 LS $100,000 $100,000
Discharge Manhole 1 LS $80,000 $80,000
SST Feed Pipe 1 LS $4,000 $4,000
Screening and Grit Removal 1 LS $8,000 $8,000
Aeration Basin 1 LS $537,000 $537,000

DIVISION 2 - SITE AND CIVIL

Aeration Basin 1 LS $537,000 $537,000
Blower Building 1 LS $24,000 $24,000
Caustic Feed System 1 LS $1,000 $1,000
Effluent Conveyance 1 LS $5,000 $5,000

SUBTOTAL $934,000

SST Pump Station 1 LS $194,000 $194,000
Screening and Grit Removal Slab 1 LS $18,000 $18,000
Aeration Basins 1 LS $2,327,000 $2,327,000
Blower Building 1 LS $55 000 $55 000

DIVISION 3 - CONCRETE

Blower Building 1 LS $55,000 $55,000
SUBTOTAL $2,594,000

SST Pump Station 1 LS $30,000 $30,000
Blower Building 1 LS $118,000 $118,000

SUBTOTAL $148,000

SST Pump Station 1 LS $14,000 $14,000

DIVISION 4 - MASONARY

DIVISION 5 - METALS
SST Pump Station 1 LS $14,000 $14,000
Screening and Grit Removal Mezanine 1 LS $23,000 $23,000
Aeration Basins 1 LS $211,000 $211,000
Blower Building 1 LS $25,000 $25,000
Caustic Feed System 1 LS

SUBTOTAL $273,000

SST Pump Station 1 LS $9,000 $9,000
Blower Building 1 LS $56,000 $56,000

SUBTOTAL $65 000

DIVISION 7 - THERMAL & MOISTURE PROTECTION

SUBTOTAL $65,000

SST Pump Station 1 LS $11,000 $11,000
Aeration Basins 1 LS $5,000 $5,000
Blower Building 1 LS $10,000 $10,000

SUBTOTAL $26,000

SST Pump Station 1 LS $20,000 $20,000

DIVISION 8 - DOORS & WINDOWS

DIVISION 9 - FINISHING
SS u p S a o S $ 0,000 $20,000
Screening and Grit Removal Slab 1 LS $90,000 $90,000
Aeration Basins 1 LS $17,000 $17,000
Blower Building 1 LS $27,000 $27,000



Caustic Feed System 1 LS $17,000 $17,000
SUBTOTAL $171,000

Blower Building 1 LS $40,000 $40,000
SUBTOTAL $40,000

SST Pump Station 1 LS $115,000 $115,000
Screening and Grit Removal 1 LS $520 000 $520 000

DIVISION 10 - SPECIALTIES

DIVISION 11 - EQUIPMENT

Screening and Grit Removal 1 LS $520,000 $520,000
Aeration Basins 1 LS $620,000 $620,000
Mixers 1 LS $250,000 $250,000
Clarifier Equipment 1 LS $550,000 $550,000
Blower Building 1 LS $1,018,000 $1,018,000
Caustic Feed System 1 LS $26,000 $26,000

SUBTOTAL $3,099,000

SST Pump Station 1 LS $33,000 $33,000
DIVISION 13 - SPECIAL CONSTRUCTION

Screening and Grit Removal 1 LS $149,000 $149,000
Aeration Basins 1 LS $229,000 $229,000
Blower Building 1 LS $75,000 $75,000
Caustic Feed System 1 LS $118,000 $118,000

SUBTOTAL $604,000

Blower Building 1 LS $60,000 $60,000
RAS Pipe 1 LS $14,000 $14,000

SUBTOTAL $74 000

DIVISION 14 - CONVEYANCE

SUBTOTAL $74,000

SST Pump Station 1 LS $102,000 $102,000
Screening and Grit Removal 1 LS $461,000 $461,000
Aeration Basins 1 LS $942,000 $942,000
Clarifier Equipment 1 LS $488,000 $488,000
Mixers 1 LS $222,000 $222,000
Blower Building 1 LS $95,000 $95,000
Caustic Feed System 1 LS $16,000 $16,000

DIVISION 15 - MECHNICAL

SUBTOTAL $2,326,000

Duct Bank 1 LS $200,000 $200,000
Transformers 1 LS $200,000 $200,000
SST Pump Station 1 LS $98,000 $98,000
Screening and Grit Removal 1 LS $206,000 $206,000
Aeration Basins 1 LS $687,000 $687,000
Clarifier Equipment 1 LS $208,000 $208,000
Mixers 1 LS $132,000 $132,000

DIVISION 16 - ELECTRICAL

Mixers 1 LS $132,000 $132,000
Blower Building 1 LS $224,000 $224,000
Caustic Feed System 1 LS $31,000 $31,000

SUBTOTAL $1,986,000

(Rounded) $13,698,000
8.5% $1,164,000

$14,862,000
30.0% $4,459,000

$19,321,000

Division Subtotal
Contractors Markup

Division Subtotal, including Markup
Estimating and Bidding Contingencies

Estimated Construction Subtotal, Current Dollars $19,321,000
6.09% $1,177,000

$20,498,000
5.0% $1,025,000
2.0% $410,000

Design: Predesign 3.0% $615,000
12.0% $2,460,000
12.0% $2,460,000
2.0% $410,000
5 0% $1 025 000

Design Services Including Geotechnical and Surveying
Construction Management 

Environmental services
Project Contingency

Estimated Bid Construction Cost
Construction Contingency (Changes in Scope of Project)

SRWTP's/SRCSD's Design and Construction Period Costs

Estimated Construction Subtotal, Current Dollars
Inflation to Construction Mid-point at 3% per year

5.0% $1,025,000
0.5% $102,000

$29,005,000
Permitting

TOTAL ESTIMATED PROJECT COST

Project Contingency



Subject: Sidestream Treatment
Project: Sacramento Regional Wastewater Treatment Plant Computed By: MB
Task: Opinion of Probable Construction and Total Project Cost Date: 10/10/12
Job Number:
Line Item: Option 5- MBR

QUANTITY UNITS  UNIT COST INSTALL TOTAL COST

Bonds and Insurance (2.0% of Divs 2 thru 16) 1 LS $364,000 $364,000
SUBTOTAL $364,000

16) 1 LS $911,000 $911,000
Supervision (4.0% of Divs 2 thru 16) 1 LS $728,000 $728,000

SUBTOTAL $1,639,000

SST Pump Station 1 LS $175,000 $175,000
Diversion Manhole 1 LS $100,000 $100,000
Discharge Manhole 1 LS $80,000 $80,000
SST Feed Pipe 1 LS $4,000 $4,000
Screening and Grit Removal 1 LS $6,000 $6,000
Aeration Basin 1 LS $811,000 $811,000
Membrane Tanks 1 LS $43,000 $43,000
Blower Building 1 LS $30,000 $30,000
Caustic Feed System 1 LS $2,000 $2,000
Effluent Conveyance 1 LS $5,000 $5,000

SUBTOTAL $1,256,000

SST Pump Station 1 LS $194,000 $194,000
Screening and Grit Removal Slab 1 LS $18,000 $18,000
Aeration Basins 1 LS $3,616,000 $3,616,000

SPEC SECTION AND DESCRIPTION

DIVISION 1 - GENERAL REQUIREMENTS

DIVISION 0 - BIDDING REQUIREMENTS, ETC.

DIVISION 2 - SITE AND CIVIL

DIVISION 3 - CONCRETE

, ,
Membrane Tanks 1 LS $2,411,000 $2,411,000
Blower Building 1 LS $96,000 $96,000

SUBTOTAL $6,335,000

SST Pump Station 1 LS $30,000 $30,000
Blower Building 1 LS $169,000 $169,000

SUBTOTAL $199,000

SST Pump Station 1 LS $14,000 $14,000
Screening and Grit Removal Mezanine 1 LS $23,000 $23,000
Aeration Basins 1 LS $290,000 $290,000
Membrane Tanks 1 LS $57,000 $57,000
Blower Building 1 LS $37,000 $37,000
Caustic Feed System 1 LS

SUBTOTAL $421,000

SST Pump Station 1 LS $9,000 $9,000
Blower Building 1 LS $104,000 $104,000

SUBTOTAL $113,000

Blower Building 1 LS $10,000 $10,000
SUBTOTAL $10,000

SST Pump Station 1 LS $20,000 $20,000
Screening and Grit Removal Slab 1 LS $90,000 $90,000
Aeration Basins 1 LS $17,000 $17,000
Blower Building 1 LS $27,000 $27,000

DIVISION 9 - FINISHING

DIVISION 4 - MASONARY

DIVISION 5 - METALS

DIVISION 7 - THERMAL & MOISTURE PROTECTION

DIVISION 8 - DOORS & WINDOWS



Caustic Feed System 1 LS $17,000 $17,000
SUBTOTAL $171,000

Blower Building 1 LS $40,000 $40,000
SUBTOTAL $40,000

SST Pump Station 1 LS $115,000 $115,000
Screening and Grit Removal 1 LS $520,000 $520,000
Aeration Basins 1 LS $955,000 $955,000
Membrane Tank 1 LS $753,000 $753,000
Membrane Vendor Package 1 LS $6 $6
Blower Building 1 LS $1,269,000 $1,269,000

SUBTOTAL $3,612,006

SST Pump Station 1 LS $33,000 $33,000
Screening and Grit Removal 1 LS $149,000 $149,000
Aeration Basins 1 LS $340,000 $340,000
Membrane Tanks 1 LS $177,000 $177,000
Membrane Vendor Package 1 LS $2 $2
Blower Building 1 LS $99,000 $99,000
Caustic Feed System 1 LS $118,000 $118,000

SUBTOTAL $916,002

Blower Building 1 LS $62,000 $62,000
SUBTOTAL $62,000

SST Pump Station 1 LS $102,000 $102,000
Screening and Grit Removal 1 LS $461,000 $461,000
Aeration Basins 1 LS $1,207,000 $1,207,000
Membrane Tanks 1 LS $295,000 $295,000
Membrane Vendor Package 1 LS $0 $0
Blower Building 1 LS $200,000 $200,000
Caustic Feed System 1 LS $16,000 $16,000

SUBTOTAL $2,281,000

DIVISION 10 - SPECIALTIES

DIVISION 11 - EQUIPMENT

DIVISION 13 - SPECIAL CONSTRUCTION

DIVISION 14 - CONVEYANCE

DIVISION 15 - MECHNICAL

SUBTOTAL $2,281,000

Duct Bank 1 LS $200,000 $200,000
Transformers 1 LS $200,000 $200,000
SST Pump Station 1 LS $98,000 $98,000
Screening and Grit Removal 1 LS $206,000 $206,000
Aeration Basins 1 LS $1,020,000 $1,020,000
Membrane tanks 1 LS $531,000 $531,000
Membrane Vendor Package 1 LS $211,000 $211,000
Blower Building 1 LS $297,000 $297,000
Caustic Feed System 1 LS $31,000 $31,000

SUBTOTAL $2,794,000

(Rounded) $20,213,000
8.5% $1,718,000

$21,931,000
30.0% $6,579,000

$28,510,000
6.09% $1,736,000

$30,246,000
5.0% $1,512,000
2.0% $605,000

Design: Predesign 3.0% $907,000
12.0% $3,630,000
12.0% $3,630,000
2.0% $605,000
5.0% $1,512,000
0.5% $151,000

$42,798,000

Project Contingency
Permitting

Inflation to Construction Mid-point at 3% per year

Division Subtotal
Contractors Markup

Division Subtotal, including Markup
Estimating and Bidding Contingencies

Estimated Construction Subtotal, Current Dollars

DIVISION 16 - ELECTRICAL

TOTAL ESTIMATED PROJECT COST

Estimated Bid Construction Cost
Construction Contingency (Changes in Scope of Project)

SRWTP's/SRCSD's Design and Construction Period Costs

Design Services Including Geotechnical and Surveying
Construction Management 

Environmental services



Subject: Sidestream Treatment
Project: Sacramento Regional Wastewater Treatment Plant Computed By: MB
Task: Opinion of Probable Construction and Total Project Cost Date: 10/10/12
Job Number:
Line Item: Option 6- ATTP (Updated from B&C Report)

QUANTITY UNITS  UNIT COST INSTALL TOTAL COST

Bonds and Insurance (2.0% of Divs 2 thru 16) 1 LS $28,000 $28,000
SUBTOTAL $28,000

16) 1 LS $71,000 $71,000
Supervision (4.0% of Divs 2 thru 16) 1 LS $56,000 $56,000

SUBTOTAL $127,000

Splitter Pump to Rearation Tank 1 LS $20,063 $20,063
Caustic Storage Tank 1 LS $66,875 $66,875

SUBTOTAL $86,938

Influent Pump Station 1 LS $468,125 $468,125
Fine Bubble Aeration System Modifications 1 LS $13,375 $13,375
DAF System 1 LS $327,688 $327,688
Praxair Aerator and Tank Installation 1 LS $127,063 $127,063

SUBTOTAL $936,250

Piping 1 LS $104,860 $104,860
SUBTOTAL $104,860

SPEC SECTION AND DESCRIPTION

DIVISION 0 - BIDDING REQUIREMENTS, ETC.

DIVISION 1 - GENERAL REQUIREMENTS

DIVISION 11 - EQUIPMENT

DIVISION 13 - SPECIAL CONSTRUCTION

DIVISION 15 - MECHNICAL

DIVISION 16 - ELECTRICAL
Electrical and Instrumentation 1 LS $282,012 $282,012

SUBTOTAL $282,012

(Rounded) $1,565,000
8.5% $133,000

$1,698,000
30.0% $509,000

$2,207,000
12.6% $277,000

$2,484,000
5.0% $124,000
2.0% $50,000

Design: Predesign 3.0% $75,000
12.0% $298,000
12.0% $298,000
2.0% $50,000
5.0% $124,000
0.5% $12,000

$3,515,000

Inflation to Construction Mid-point at 3% per year

DIVISION 16  ELECTRICAL

Division Subtotal
Contractors Markup

Division Subtotal, including Markup
Estimating and Bidding Contingencies

Estimated Construction Subtotal, Current Dollars

Project Contingency
Permitting

TOTAL ESTIMATED PROJECT COST

Estimated Bid Construction Cost
Construction Contingency (Changes in Scope of Project)

SRWTP's/SRCSD's Design and Construction Period Costs

Design Services Including Geotechnical and Surveying
Construction Management 

Environmental services



 

 

 
 
 
 
 
 
 
 
 
 

Appendix D 

 
Net Present Value Analyses 

 
 



Present Value Summary

Table D ‐ 1. Capital Costs

Alternative
Project Cost @ 

midpoint
1000 $

Option 1 ‐ DEMON® 35,046

Option 2 ‐ NSBR 39,834

Option 3 ‐ Nitritation 29,005

Option 5 ‐ MBR 42,798

Option 6 ‐ ATTP 3,515

Table D ‐ 2. Present Worth Estimates

Alternative Project Cost Labor Energy Chemical Material
O&M Total 

PV PV of cost
1000 $ 1000 $ 1000 $ 1000 $ 1000 $ 1000 $ 1000 $

Option 1 ‐ DEMON® 28,832 1,511 1,738 0 103 2,896 33,170

Option 2 ‐ NSBR 32,772 2,344 3,801 10,139 78 14,840 49,250

Option 3 ‐ Nitritation 23,862 2,136 2,732 10,139 78 13,682 38,737

Option 5 ‐ MBR 35,210 3,386 4,019 10,132 516 15,595 52,565

Option 6 ‐ ATTP 2,623 985 149 1,335 1,207 3,024 5,778

Table D ‐ 3. Present Worth Costs of Alternatives

Alternative Project Cost PV O&M PV 
PV Cost 

Total
1000 $ 1000 $ 1000 $

Option 1 ‐ DEMON® 28,832 2,896 31,590

Option 2 ‐ NSBR 32,772 14,840 46,905

Option 3 ‐ Nitritation 23,862 13,682 36,893

Option 5 ‐ MBR 35,210 15,595 50,062

Option 6 ‐ ATTP 2,623 3,024 5,503



Option 1 ‐ DEMON® 1

28,832 1,511 1,738 0 103 31,590 33,170

Flow
Contruction

($1000)
Labor
(hr/yr)

Energy
(kWH/yr)

Chemical
($/yr)

Material
($/yr)

O&M Cost 2.3 35,046 2,900 3,743,459 0 20,000

Unit O&M per mgd 1,261 1,627,591 0 8,696

ADWF
Contruction

($1000)
Labor
($/yr)

Energy
($/yr)

Chemical
($/yr)

Material
($/yr)

Cost in Year PV of cost

Year No Year mgd 1000 $ 1000 $ 1000 $ 1000 $ 1000 $ 1000 $ 1000 $

0 2012 0.0 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

1 2013 2.3 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

2 2014 2.3 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

3 2015 2.3 35,046 ‐‐ ‐‐ ‐‐ ‐‐ 35,046 30,274

4 2016 2.3 0 317 379 0 23 719 591

5 2017 2.3 0 333 391 0 23 747 585

6 2018 2.3 0 350 402 0 24 776 579

7 2019 2.3 0 367 414 0 25 806 573

8 2020 2.3 0 386 427 0 25 838 567

Cost adding 
all  Years 
($1000)

Total PV 
($1000)Present Value Summary

Contruction
($1000)

Labor
($1000/yr)

Energy
($1000/yr)

Chemical
($1000/yr)

Material
($1000/yr)



Option 2 ‐ NSBR 2

32,772 2,344 3,801 10,139 78 46,905 49,250

Flow
Contruction

($1000)
Labor
(hr/yr)

Energy
(kWH/yr)

Chemical
($/yr)

Material
($/yr)

O&M Cost 2.3 39,834 4,500 8,162,209 1,801,275 15,000

Unit O&M per mgd 1,957 3,548,787 783,163 6,522

ADWF
Contruction

($1000)
Labor
($/yr)

Energy
($/yr)

Chemical
($/yr)

Material
($/yr)

Cost in Year PV of cost

Year No Year mgd 1000 $ 1000 $ 1000 $ 1000 $ 1000 $ 1000 $ 1000 $

0 2012 0.0 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

1 2013 2.3 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

2 2014 2.3 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

3 2015 2.3 39,834 117 201 514 4 40,670 35,132

4 2016 2.3 0 492 827 2,148 17 3,484 2,866

5 2017 2.3 0 517 852 2,245 17 3,631 2,845

6 2018 2.3 0 543 877 2,346 18 3,784 2,823

7 2019 2.3 0 570 903 2,451 18 3,943 2,802

8 2020 2.3 0 598 931 2,562 19 4,110 2,781

Cost adding 
all  Years 
($1000)

Total PV 
($1000)Present Value Summary

Contruction
($1000)

Labor
($1000/yr)

Energy
($1000/yr)

Chemical
($1000/yr)

Material
($1000/yr)



Option 3 ‐ Nitritation 3

23,862 2,136 2,732 10,139 78 36,893 38,737

Flow
Contruction

($1000)
Labor
(hr/yr)

Energy
(kWH/yr)

Chemical
($/yr)

Material
($/yr)

O&M Cost 2.3 29,005 4,100 5,866,467 1,801,275 15,000

Unit O&M per mgd 1,783 2,550,638 783,163 6,522

ADWF
Contruction

($1000)
Labor
($/yr)

Energy
($/yr)

Chemical
($/yr)

Material
($/yr)

Cost in Year PV of cost

Year No Year mgd 1000 $ 1000 $ 1000 $ 1000 $ 1000 $ 1000 $ 1000 $

0 2012 0.0 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

1 2013 2.3 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

2 2014 2.3 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

3 2015 2.3 29,005 107 144 514 4 29,774 25,720

4 2016 2.3 0 449 594 2,148 17 3,208 2,639

5 2017 2.3 0 471 612 2,245 17 3,345 2,621

6 2018 2.3 0 494 630 2,346 18 3,489 2,603

7 2019 2.3 0 519 649 2,451 18 3,638 2,586

8 2020 2.3 0 545 669 2,562 19 3,795 2,568

Cost adding 
all  Years 
($1000)

Total PV 
($1000)Present Value Summary

Contruction
($1000)

Labor
($1000/yr)

Energy
($1000/yr)

Chemical
($1000/yr)

Material
($1000/yr)



Option 5 ‐ MBR 5

35,210 3,386 4,019 10,132 516 50,062 52,565

Flow
Contruction

($1000)
Labor
(hr/yr)

Energy
(kWH/yr)

Chemical
($/yr)

Material
($/yr)

O&M Cost 2.3 42,798 6,500 8,655,695 1,801,275 100,000

Unit O&M per mgd 2,826 3,763,346 783,163 43,478

ADWF
Contruction

($1000)
Labor
($/yr)

Energy
($/yr)

Chemical
($/yr)

Material
($/yr)

Cost in Year PV of cost

Year No Year mgd 1000 $ 1000 $ 1000 $ 1000 $ 1000 $ 1000 $ 1000 $

0 2012 0.0 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

1 2013 2.3 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

2 2014 2.3 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

3 2015 2.3 42,798 ‐‐ ‐‐ ‐‐ ‐‐ 42,798 36,971

4 2016 2.3 0 711 877 2,148 113 3,848 3,166

5 2017 2.3 0 747 903 2,245 116 4,010 3,142

6 2018 2.3 0 784 930 2,346 119 4,179 3,119

7 2019 2.3 0 823 958 2,451 123 4,356 3,095

8 2020 2.3 0 864 987 2,562 127 4,539 3,072

Cost adding 
all  Years 
($1000)

Total PV 
($1000)Present Value Summary

Contruction
($1000)

Labor
($1000/yr)

Energy
($1000/yr)

Chemical
($1000/yr)

Material
($1000/yr)



Option 6 ‐ ATTP 6

2,623 985 149 1,335 1,207 5,503 5,778

Flow
Contruction

($1000)
Labor
(hr/yr)

Energy
(kWH/yr)

Chemical
($/yr)

Material
($/yr)

O&M Cost 0.5 3,515 2,920 505,700 368,117 368,000

Unit O&M per mgd 6,348 1,099,348 800,254 800,000

ADWF
Contruction

($1000)
Labor
($/yr)

Energy
($/yr)

Chemical
($/yr)

Material
($/yr)

Cost in Year PV of cost

Year No Year mgd 1000 $ 1000 $ 1000 $ 1000 $ 1000 $ 1000 $ 1000 $

0 2012 0.0 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

1 2013 0.5 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

2 2014 0.5 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

3 2015 0.5 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

4 2016 0.5 0 ‐‐ ‐‐ ‐‐ ‐‐ 0 0

5 2017 0.5 3,515 28 4 38 36 3,621 2,837

6 2018 0.5 0 352 54 479 439 1,325 989

7 2019 0.5 0 370 56 501 453 1,379 980

8 2020 0.5 0 388 58 523 466 1,436 972

Cost adding 
all  Years 
($1000)

Total PV 
($1000)Present Value Summary

Contruction
($1000)

Labor
($1000/yr)

Energy
($1000/yr)

Chemical
($1000/yr)

Material
($1000/yr)



 

 

Appendix B 
 

Status of Nutrient Reduction Projects 

 



 

 

1. Biological Nutrient Removal (BNR) 
The design consultant was given notice to proceed (NTP) on February 22, 2013 and is 
currently in the predesign phase. The preliminary design report is scheduled to be completed 
by January 17, 2014 and the design consultant is on schedule to meet this milestone. 

 
2. Flow Equalization 

The design consultant has been selected and NTP is scheduled to be given August 28, 2013. 
 
3. Primary Effluent Pumping Station 

Request for proposals for design services is scheduled to be issued on July 9, 2013 and is on 
schedule to meet this milestone. 

 
4. RAS Pumping System 

Request for proposals for design services is in preparation, scheduled to be issued on July 22, 
2013, and is on schedule to meet this milestone. 

 
5. Building Relocations  

Request for proposals for design services was issued on June 27, 2013. Proposals are due on 
July 19, 2013 followed by selection and contract award scheduled for September 11, 2013. 

 
6. Site Preparation  

A request for proposals for design services is in preparation, scheduled to be issued on 
December 24, 2013, and is on schedule to meet this milestone. 

 
7. Electrical Main Substation Expansion 

A request for proposals for design services is in preparation, scheduled to be issued on 
September 30, 2013, and is on schedule to meet this milestone. 

 
 

 
 
 



 

 

Appendix C 
 

Workplan Schedule for Nutrient Reduction 



ID Task Name Duration Start Finish

1 EchoWater Projects 1975 days Tue 3/5/13 Mon 9/28/20
2 BNR 1975 days Tue 3/5/13 Mon 9/28/20
3 Design 755 days Tue 3/5/13 Mon 1/25/16
4 Construction 1037 days Tue 1/26/16 Wed 1/15/20
5 Startup and Commissioning 183 days Thu 1/16/20 Mon 9/28/20
6 Flow Equalization 879 days Fri 8/30/13 Wed 1/11/17
7 Design 377 days Fri 8/30/13 Mon 2/9/15
8 Construction 421 days Wed 2/11/15 Wed 9/21/16
9 Startup and Commissioning 80 days Thu 9/22/16 Wed 1/11/17

10 Primary Effluent 1623 days Thu 11/14/13 Mon 2/3/20
11 Design 856 days Thu 11/14/13 Thu 2/23/17
12 Construction 669 days Fri 2/24/17 Wed 9/18/19
13 Startup and Commissioning 98 days Thu 9/19/19 Mon 2/3/20
14 RAS Pumping System 1561 days Wed 1/22/14 Wed 1/15/20
15 Design 692 days Wed 1/22/14 Thu 9/15/16
16 Construction 771 days Fri 9/16/16 Fri 8/30/19
17 Startup and Commissioning 98 days Mon 9/2/19 Wed 1/15/20
18 Site Preparation 616 days Thu 4/17/14 Thu 8/25/16
19 Design 236 days Thu 4/17/14 Thu 3/12/15
20 Construction 365 days Fri 3/13/15 Thu 8/4/16
21 Startup and Commissioning 15 days Fri 8/5/16 Thu 8/25/16
22 Building Relocations 359 days Mon 9/16/13 Thu 1/29/15
23 Design 118 days Mon 9/16/13 Wed 2/26/14
24 Construction 205 days Thu 2/27/14 Wed 12/10/14
25 Startup and Commissioning 77 days Wed 10/15/14 Thu 1/29/15
26 Electrical Main Substation 821 days Wed 1/8/14 Wed 3/1/17
27 Design 399 days Wed 1/8/14 Mon 7/20/15
28 Construction 392 days Tue 7/21/15 Wed 1/18/17
29 Startup and Commissioning 30 days Thu 1/19/17 Wed 3/1/17
30 Systemwide Commissioning 69 days Mon 9/28/20 Thu 12/31/20
31 Systemwide Commissioning 69 days Mon 9/28/20 Thu 12/31/20
32 Program Float 93 days Fri 1/1/21 Tue 5/11/21
33 Ammonia Compliance 1 day Tue 5/11/21 Tue 5/11/21

Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2
2013 2014 2015 2016 2017 2018 2019 2020 2021

Task

Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline

EchoWater Project Schedule

Fri 7/5/13 

Project: Appendix C Ammonia Workpla
Date: Fri 7/5/13
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