WASTEWATER TREATMENT PLANT
MASTER PLAN
3. EXISTING FACILITIES AND
PERFORMANCE ASSESSMENT

This chapter reviews in detail the current condition of the individual components of the Napa
Sanitation District (District) Wastewater Treatment Plant (WWTP) with respect to age, projected
remaining useful life and current performance. It also presents a review of recent wastewater
treatment performance and compared performance against original design criteria and against
other similar wastewater treatment facilities.

3.1

Facilities Condition Assessment

For a WWTP to reliably meet discharge requirements, the facility must be designed with ease of
maintenance in mind. To keep a WWTP running smoothly, staff must be able to perform routine
operations, scheduled maintenance, emergency repairs and equipment modifications without
impacting operations and permit compliance. A condition assessment’s primary objective is to
determine necessary repairs for keeping facilities in good working condition, which reduces the
risk of equipment failures and need for emergency repairs. The WWTP Master Plan (Plan)
Facilities Condition Assessment is limited and focused on those facilities that impact WWTP
capacity. It also includes review of various support facilities.
The condition assessment was developed through interviews with District staff and limited field
inspections of WWTP areas where problems were identified. On August 18, 2009, Plan team
members interviewed WWTP staff regarding electrical, instrumentation and control facilities.
They interviewed staff on August 25, 2009, regarding the mechanical facilities.
Based on experience in the wastewater industry, the typical useful service life for most
mechanical facilities is 15 to 20 years. Useful service life for most electrical gear and variable
frequency drives (VFD) ranges from 15 to 30 years. Since most District WWTP facilities have
been in use for more than 10 years and this condition assessment is limited to capacity related
equipment, regularly scheduled follow-up condition assessments are recommended. Follow up
assessments should be based on the District’s rehabilitation and replacement strategy, although
generally they should be conducted every five to 10 years.
Needs identified in the condition assessment have been grouped into three improvement
categories:
• Near-term. These are facilities judged to be at near-immediate failure risk. The District
should undertake improvements within one to three years.
• Long-term. These are facilities judged to be less at risk or less critical, though still
important for reliable operation. The District should undertake improvements within the
Plan planning period, i.e., the next 20 years.
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• Maintenance. These include improvements or maintenance practices that would be

implemented as part of the District’s ongoing maintenance efforts. It also includes
necessary studies for further evaluation of any operational issues. Although these types of
improvements are not typically identified for a condition assessment, they were brought up
by District staff during interviews and are summarized herein as part of Plan
documentation.
In addition to developing near- and long-term and maintenance improvement lists, this
assessment summarizes existing WWTP electrical systems capacity. This summary helps
identify electrical improvements associated with capacity-related expansions in the District’s
Capital Improvement Program (CIP).
3.1.1

Near-term Improvements

Potential near-term improvements identified through the condition assessment are summarized
below for different process areas and support facilities. Support facilities include electrical,
instrumentation, chemical and utility water systems. As mentioned previously, these are facilities
judged to be at near-immediate failure risk, and the District should undertake improvements
within one to three years. All of the near-term improvements have been incorporated into the
Chapter 7 recommended project and implementation summary. Whenever improvements
discussed below are already in the District’s CIP, they are noted as such.
3.1.1.1
Preliminary and Primary Treatment Facilities
• The influent pump station (IPS) gate is more than 40 years old. A typical service life for
such a gate operating with raw sewage is about 30 years. Its age, infrequent use, and the
possible adverse effects if it fails in the closed position prompted reliability concerns
among District staff. The gate should be replaced at the earliest opportunity (possibly as
part of the upgrade to, or replacement of, the IPS).
• The IPS facilities are 30 to 40 years old and, based on the District’s evaluation, at the end
of their useful life. The District has addressed the IPS and its condition and replacement
through a separate study (Winzler & Kelly, May 2009) If these facilities remain in use, the
District should rehabilitate or replace them. The criteria and actual timing for replacing
these facilities will be coordinated with the recommended Plan alternatives.
3.1.1.2
Secondary Treatment Facilities (Activated Sludge and Ponds)
• The Pond 4 pump station (P4PS) is 30 to 40 years old and potentially nearing the end of its
useful life. The District regularly schedules servicing and overhauling of the pumps
through the CIP, but the District has not addressed the P4PS ventilation and electrical
systems. If this facility remains in use, the District should evaluate the need for equipment
and structural improvements to increase reliability. The criteria and actual timing for
replacing these facilities will be coordinated with the recommended Plan alternatives, and
could be implemented when additional pumping capacity is needed at the P4PS.
3.1.1.3

Tertiary, Recycled Water and Disinfection Facilities

No near-term improvements were identified for the tertiary, recycled water and disinfection
facilities.
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Solids Handling Facilities

No near-term improvements were identified for the solids handling facilities.
3.1.1.5
Support Facilities
• One of the two sodium hypochlorite storage tanks leaks. The District has replaced one
hypochlorite tank, with the second due for replacement in its CIP. Given the problems
associated with the degradation of the fiberglass tanks, the District should review tank
materials prior to the next replacement to ensure the tank meets above-ground storage tank
requirements.
• A portion of the galvanized piping for the No. 1 water system (potable water) in the
below-grade pipe gallery is severely corroded due to chemical exposure. Hence, it likely
needs replacement. The materials used for the piping system and the chemical exposure
should be reviewed before determining replacement.

3.1.2

Long-term Improvements

Potential long-term improvements identified through the condition assessment are summarized
below for different process areas and support facilities. Support facilities include electrical,
instrumentation, chemical and utility water systems. As mentioned previously, these are facilities
judged to be less at risk or less critical, though still important for reliable operation. The
recommended project and implementation summary in Chapter 7 incorporate all of the long-term
improvements. Whenever improvements are already in the District’s CIP, they are noted as such.
3.1.2.1
Preliminary and Primary Treatment Facilities
• Due to hydrogen sulfide corrosion in the headworks building, it is anticipated that the grit
classifiers and washer/compactors will eventually need replacement within the planning
period.
• The fine screen brushes require significant maintenance. When the existing screens reach
the end of their useful life, they should be replaced with units that require less
maintenance.
• The District has scheduled grit pump replacement in this year’s CIP; however, in lieu of
immediate replacement, the District plans to rebuild these pumps and extend their useful
life. Even with this rebuild, it is anticipated that these pumps will need to be replaced
within the planning period.
• The primary scum pump box piping is frequently plugged with grease. One way to unplug
the line or modifying the system configuration should be developed and installed.
3.1.2.2
Secondary Treatment Facilities (Activated Sludge and Oxidation Ponds)
• Scraper arms in the flocculating clarifiers are showing signs of age, and the launder
elevations set during Phase II construction are uneven and appear to be installed too high.
The high weir elevations have restricted the hydraulic capacity of the clarifiers by
submerging the scum boxes during peak flow periods. Replacing the scraper arms and
re-leveling the launders is recommended. An overhaul of the scraper arms is already
included in the District’s CIP.
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• The biosolids removal project connected a line to the area drain pump station. But the pipe

had no isolation valve to prevent return from Pond 1, only a temporary plug. The plug has
failed, and return flows could occur at high pond level. The District should install an
isolation valve. Provisions should be made to simplify secondary effluent diversion from
the activated sludge process to the oxidation ponds during periods of poor filterability or
excessive solids carry over. The WWTP staff diverts poor quality effluent to avoid
excessive chemical use or solids loading to the filters. At present, staff uses a portable
diesel pump at the secondary effluent pump station to perform this diversion. Due to the
high cost of this modification, this project is not included in the recommended projects.
• In both aeration basins, the Compartment 3 aeration air systems produce larger than
expected air bubbles for this type of fine-bubble diffuser. Coarse bubbles could indicate a
malfunctioning diffuser or that excessive air is being applied to Compartment 3. Replacing
the diffusers with units that are capable of operating at higher air flow rates should be
implemented when the diffusers are near the end of their useful life. A diffuser
replacement project is already planned in the District’s CIP.
3.1.2.3
Tertiary, Recycled Water and Disinfection Facilities
• Approximately 20 percent of the continuous backwash filter air-lifts fail to work. Because
repeated District staff attempts to resolve this problem have been unsuccessful, this
problem should be investigated further as part of a future filter rehabilitation project.
• The District should consider adding a jockey pump to the recycled water pump station to
minimize the operation of large pumps being operated with significant turndown, which
should save energy and reduce maintenance.
3.1.2.4
Solids Handling Facilities
• The heat exchanger is operating at capacity during cold weather periods. In winter, the hot
water valve is completely open and, at times, the digester sludge temperature still drops
below the target setpoint. The District should consider replacing the heat exchanger with a
unit that has more capacity.
3.1.2.5
Support Facilities
• The No. 3 water system galvanized pipe is corroded throughout the WWTP, especially
near the primary clarifiers. Aside from normal weathering, corrosion causes include
hydrogen sulfide exposure and the use of dissimilar materials during different construction
projects for the No. 3 water system. Corroded and dissimilar piping materials should be
identified and replaced with an appropriate uniform system. The system should be
designed to allow for isolation and bypass of processes.
• Isolating the No. 3 water system often requires an operator to enter a confined area, which
presents a safety issue. Additional isolation valves in unrestricted areas should be
provided.
• Only one No. 3 water system pump has a VFD. If this pump or VFD fails, staff cannot
pump at intermediate flows. Adding a VFD for the other pump should be considered to
increase reliability.
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Maintenance Improvements

The following maintenance improvements were identified during the condition assessment to
address specific operations or maintenance issues. It is anticipated that District staff could
implement many of these improvements. Accordingly, the recommended project and
implementation summary in Chapter 7 do not incorporate the following improvements. Some of
the items will require that studies be conducted (some of which District staff could conduct),
while others may require contracting with others (i.e., consultant or contractor). As with the
near- and long-term improvement lists, whenever improvements are already in the District’s CIP,
they are noted as such.
3.1.3.1
Preliminary and Primary Treatment Facilities
• Air in the headworks building is odorous at times and humidity is elevated. In addition,
grease accumulates on the exhaust registers, which causes occasional plugging. Although
the District maintains the exhaust and supply ventilation screens to mitigate grease
accumulation, the District should evaluate covering and ventilating the fine screens to
reduce odors and corrosion in the headworks building. The evaluation should also include
increasing the building’s overall ventilation rate to reduce corrosion risks.
• Moisture and corrosion inside the primary clarifier domes are readily apparent upon
inspection. Additionally, a high pressure differential makes opening the access doors
difficult. A ventilation study is recommended for the clarifier dome to determine if there is
sufficient ventilation air.
3.1.3.2
Secondary Treatment Facilities (Activated Sludge and Ponds)
• No maintenance improvements were identified for the secondary treatment facilities,
including the activated sludge process, the ponds, and the flocculating clarifiers.
3.1.3.3
Tertiary, Recycled Water, and Disinfection Facilities
• District staff noted erosion in the stainless steel filter piping that should be further
investigated. The erosion likely results from sand abrasion. Periodic pipe evaluation may
be a necessary preventative maintenance activity to determine replacement.
• An airflow evaluation is necessary to determine whether the ventilation in the filter support
building’s air compressor room is adequate for mechanical equipment operation reliability
at elevated temperatures. If additional ventilation is required, fan and louver sizes should
be increased, and ductwork should be added to the south wall.
3.1.3.4
Solids Handling Facilities
• The sludge storage tank structure’s ventilation system continues to accumulate water from
an unknown source. District staff continues to investigate the source of the water.
3.1.3.5
Support Facilities
• The Milton Roy metering pumps have been exceptionally reliable, but chemical dosing at
lower flows has been erratic. A smaller metering pump should be installed to better control
chemical dosages at lower flows.
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• Service water is not metered with a permanently installed instrument. A temporary

•

•

•

•

•

3.1.4

ultrasonic meter is currently in place. A permanent meter should be installed and connected
to the Supervisory Control and Data Acquisition (SCADA) system. The District is
currently looking into implementing this improvement.
A configuration change for the utility water resulted in joining the No. 2 and No. 3 water
systems. The resulting system needs to be documented and the labeling changed. The
District intends to eliminate and replace the No. 2 water system labeling with the No. 3
water system labeling throughout the WWTP.
Many butterfly valves in the No. 3 water system (utility water) are inoperable and either
fail to seal or are frozen and need to be replaced with a different type of valve. The
hydrants and hose bibs throughout the WWTP are corroded due to chemical and
environmental exposure and should be replaced.
Removing algae in the No. 3 water system requires additional operation and maintenance
effort. In addition, Title 22 disinfection requirements during the summer result in high
chlorine residual in the WWTP effluent during the summer reclamation season. This
means dechlorination is needed so that the No. 3 water system can be used in process
streams. A less-labor-intensive solution to minimize and manage algae and the chlorine
residual in the No. 3 water system should be developed and implemented. Staff already
plans to address the algae accumulation with a CIP project to install a filtering system for
the No. 3 water system.
The operations administration building’s heating/ventilation/air conditioning (HVAC)
system is ineffective in certain areas because of system changes over time. Problems
include offices without ventilation, and some areas (including the boardroom) that are
often cooler than they need to be. The system’s overall capacity, design and balancing
should be reviewed and revised as appropriate.
The District is currently developing a SCADA Master Plan separate from this Plan. Details
of the SCADA system can be found there. SCADA system upgrades will include replacing
old input/output points and changing the control topology from a central programmable
logic controller (PLC) master to a more distributed control, moving from serial to Ethernet
at the main PLC and providing new servers. During the condition assessment, outdated
hydrogen sulfide gas meters and ultrasonic level transmitters were identified. District staff
is in the process of replacing those with newer units as they reach the end of their useful
life.
Electrical Capacity

Table 3-1 summarizes electrical gear capacity ratings, which are based on the District’s available
record drawings. While it is instructive to compare connected loads to rated equipment capacity
for the motor control center (MCC) or substation, it is more meaningful to understand the
average and peak demand loads. The District should measure actual loads accurately to identify
equipment loads during peak conditions, especially for equipment where the connected load
exceeds the rated gear’s capacity. Switchboard 1, MCC-8, and MCC-10A are in this category.
Table 3-1 also summarizes the approximate floor space available for extending the MCCs or
other electrical gear at the other main load centers.
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Table 3-1. Switchboard and Motor Control Center (MCC) Capacities
Rating
(Amps)

Circuit Breakers
(Amps)

Loads
(Amps)
Connected

Bus

Short Circuit

Main
Frame/Trip

4,000

100,000

4,000/4,000

600

65,000

225/125

2,000

65,000

2,000/2,000

600

65,000

600/600

4,000

65,000

2,000/2,000

MCC-1A

600

65,000

MCC-1B

800

MCC-2A

Approximate
Expansion Space
(in)

2,100

1801

65

120

1,560

0

318

601

4,450

01

600/600

415

0

65,000

800/800

740

2401

600

65,000

600/600

315

0

MCC-2B

800

65,000

400/400

415

20

MCC-5A

800

65,000

800/600

520

60

MCC-5B

600

65,000

100/60

22

02

MCC-8

600

65,000

800/600

870

02

MCC-10A

800

65,000

800/800

830

02

MCC-10B

600

65,000

150/150

60

20

Recycled Water Pumping Station
MCC-9
Substation A
MCC-7
Switchboard 1

Notes:
1
Expansion space may not be contiguous or adjacent to existing equipment but is within the same area.
2
Relocating existing equipment could make some additional space available.

3.2

Performance Assessment Summary

The performance assessment had two objectives:
• Compare historical process loading (hydraulic, organic and/or solids) to the original design
criteria.
• Summarize process performance for each of the major WWTP processes.
To evaluate process loadings and performance, historical WWTP operational data from 2001
through early 2009 was reviewed. The performance assessment does not include a review of
hydraulic limitations, as it is covered by the capacity analysis discussed in Chapter 4.
Key findings and results from the performance assessment are summarized below:
• Influent five-day biochemical oxygen demand (BOD) and total suspended solids (TSS)
loadings to the WWTP are similar to the original design basis for average annual
conditions; however, on several occasions within the review period, the 30-day running
average influent BOD and TSS loadings exceeded the maximum monthly average loading
criteria.
• With the exception of one TSS violation in January 2004, the WWTP has successfully met
National Pollutant Discharge Elimination System (NPDES) permit limits for conventional
pollutants.
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• The headworks, primary clarifiers, flocculating clarifiers, disinfection and solids handling

processes have performed adequately and at conditions equal to or less than the original
design capacity.
• The secondary process has operated at loadings equal to or higher than planned in the
original design. The process has generally performed well; however, the review identified
some issues as described below. This Plan documents the investigation of these issues as
part of the operational review task:
− Periodically, the WWTP has experienced reduced nitrification efficiency and is unable
to completely nitrify (remove ammonia). While nitrification is not currently required to
meet the NPDES permit limitations, operating experience at the WWTP has shown that
nitrification is necessary to improve the operational stability of the secondary, filtration
and disinfection processes. Any combination of the following—insufficient solids
residence time (SRT), insufficient oxygen, operating at loadings higher than design
(possibly due to septage), or insufficient alkalinity leading to a low pH—can reduce
nitrification efficiency at the WWTP.
− A few times during the review period, the secondary effluent TSS concentration was
high (greater than 30 milligrams per liter [mg/L]). Possible causes include a short-term
settleability problem, poor flocculation, and/or operating with a return activated sludge
(RAS) flow that was too low (which results in elevated sludge blanket levels).
Settleability problems are not uncommon for nitrifying systems without selectors and
could result from operating the initial compartments with low dissolved oxygen. Poor
flocculation is likely due to insufficient oxygen.
• The filtration process has operated at hydraulic loadings less than or equal to the original
design criteria and has consistently produced water meeting Title 22 standards for
turbidity. The volume of reject (or backwash) water from the units was high (average of
32 percent of influent flow vs. the design value of 10 percent for activated sludge and
20 percent for flocculating clarifier effluent); however, during the peak summer
reclamation season, the reject rate was approximately 20 percent, as would be expected for
flocculating clarifier effluent. Owing to the characteristics of the continuously backwashed
filters, the filter reject rate is constant, and District staff cannot easily adjust or optimize
the reject flow rate as filter feed rates change. Thus, when recycled water demands are low
or during direct filtration of pond effluent for river discharge, the reject percentage is
higher than design. Poor filterability of feed solids, difficult coagulation chemistry due to
the varying nature of the feed water, or the use of filter media that is not well suited for
oxidation pond effluent, activated sludge effluent, or a combination thereof could also
contribute to high reject rates.
The performance assessment is structured into three main sections:
• Historical WWTP loading and overall performance with respect to meeting conventional
pollutant limits in NPDES discharge permit (Section 3.3).
• Historical loading and performance of the liquid stream processes (Section 3.4).
• Historical loading and performance of the solids stream processes (Section 3.5).
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Appendix E includes a summary of the original design criteria, the performance and loading
data, and the review period for each parameter. Note that the historical review period varied for
each parameter, depending on the availability of operational data.

3.3

Conventional Pollutant Loading and Removal Performance

The District monitors BOD, TSS, oil and grease, and residual chlorine in the effluent to
demonstrate compliance with its NPDES discharge permit. Historical loading and removal
performance of these conventional pollutants is discussed in this section.
3.3.1

Five-Day Biochemical Oxygen Demand

Figure 3-1 shows the historical influent BOD loading to the WWTP between January 2002 and
January 2009. Average annual influent loadings are very close to the average annual design
criteria; however, four times during the review period, the 30-day running average influent
loading exceeded the maximum month design criteria of 22,100 pounds per day (lb/day).
Exceeding the WWTP BOD loading criteria may put the WWTP at risk for effluent violations.

Figure 3-1. Review Period Influent BOD Loading to WWTP
Effluent monthly and weekly NPDES permit limits for BOD are 30 and 45 mg/L, respectively.
Despite enduring periods in which the influent BOD loading exceeded the design criteria, the
WWTP performed well with respect to BOD removal within the review period and complied
with permit limits at all times, as indicated in Figure 3-2.
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Figure 3-2 shows the daily effluent BOD concentration measurements during river discharge
periods and the running 30-day and 7-day running average compilations of the daily data
(the 30-day and 7-day running average represents the monthly and weekly average of the data,
respectively, and corresponds to the effluent monthly and weekly NPDES permit limits). As
shown in Figure 3-2, the 30-day and 7-day running averages are well below the monthly and
weekly effluent limits.

Figure 3-2. Review Period Final Effluent BOD Concentrations

3.3.2

Total Suspended Solids

Figure 3-3 shows the historical influent TSS loading to the WWTP. Average annual influent
loadings are very close to the average annual design criteria; however, four times during the
review period, the 30-day average WWTP influent loading exceeded the maximum month design
value of 27,800 lb/day. The first occurrence was in 2002 during a period with unusually high
influent TSS loadings. It is suspected that this occurrence was primarily due to the location of the
influent sampler, which was subsequently moved (Brown and Caldwell, July 2008a). After
moving the sampler in 2002, three other occurrences were observed where influent TSS loadings
exceeded the design criteria. Two of these occurred since July 2008.

3-10
Use of contents on this sheet is subject to the limitations specified at the end of this document.

Chapter 3

Wastewater Treatment Plant Master Plan

Figure 3-3. Review Period WWTP Influent TSS Loading

Effluent monthly and weekly NPDES limits for TSS are 30 and 45 mg/L, respectively. Despite
periods where the influent TSS loading exceeded the design criteria, the WWTP has performed
well with respect to TSS removal and has been in compliance for this constituent except during
the week of January 18, 2004. During this week, the average of the two samples taken was
46.2 mg/L. The exact cause of the high effluent TSS is unknown, but the exceedances occurred
during a period when discharge flows to the river exceeded 18 million gallons per day (mgd).
Figure 3-4 shows daily effluent TSS concentrations during river discharge periods and the
running 30-day and 7-day averages of the daily data (the 30-day and 7-day running averages
represent the monthly and weekly average of the data, respectively, and correspond to the
effluent monthly and weekly NPDES permit limits). As shown in Figure 3-4, the 30-day and
7-day running averages are well below the monthly and weekly effluent limits for the majority of
the review period.
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Figure 3-4. Review Period Final WWTP Effluent TSS Concentrations
3.3.3

Oil and Grease

Effluent monthly and daily limits for oil and grease are 10 and 20 mg/L, respectively. From 2004
until early 2009, data from 15 effluent samples were all less than or equal to the monthly average
limit of 10 mg/L.
3.3.4

Chlorine Residual

The instantaneous maximum effluent limit for residual chlorine is 0.0 mg/L. Because
dechlorination operated to maintain a zero residual, the WWTP recorded no chlorine residual
data for the effluent river discharge. Of the daily data reviewed from 2004 through early 2009,
no effluent chlorine residual data was found.

3.4

Liquid Process Loading and Performance

Liquid process loading and performance data were reviewed for preliminary treatment
(headworks), primary clarifiers, the activated sludge process, oxidation ponds, tertiary treatment
processes and disinfection.
3.4.1

Preliminary Treatment

The preliminary treatment system (or headworks) consists of screening and grit removal
facilities. This system was sized to accommodate a peak wet weather flow of 20 mgd. Due to
hydraulic limitations in downstream facilities, the WWTP limits peak wet weather flow through
the headworks to 17 mgd.
A key design criterion for screening facilities is the wastewater velocity through the screen
openings, which will be evaluated as part of the hydraulic profile analysis (Section 4.1). The key
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design criteria for the aerated grit chambers are the overflow rate and detention time. Figure 3-5
shows the overflow rates to the aerated grit chambers within the review period.

Figure 3-5. Review Period Grit Chamber Overflow Rate

The aerated grit chambers were designed for an average annual and average maximum month
overflow rate of 17,000 and 20,200 gallons per day per square foot (gpd/sf), respectively.
Although Figure 3-5 shows that 30-day average overflow rates are frequently higher than the
maximum month design criteria, the loading conditions at peak wet weather flows are more
critical for screening and grit removal facilities. Since the grit chambers were designed for peak
wet weather flows up to 20 mgd with a corresponding overflow rate of 42,500 gpd/sf, the system
has historically been operating within its peak design capacity and has performed satisfactorily.
Unsatisfactory performance would likely result in excessive grit accumulation in the aeration
basins and digesters, which the District staff has not observed.
3.4.2

Primary Clarifiers

The key design criterion for primary clarifiers is the overflow rate. Figure 3-6 shows the
overflow rate for the primary clarifiers during the review period. The overflow rates during
average day maximum month flow conditions were frequently higher than the original design
criteria of 925 gpd/sf. Overflow rates during peak hour flow conditions have been less than the
original design criterion of 1,990 gpd/sf.
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Figure 3-6. Review Period Primary Clarifier Overflow Rate
Figures 3-7 and 3-8 show the primary clarifier performance with respect to TSS and BOD
removal. During the review period, average TSS and BOD removal was 64 and 33 percent,
respectively. This performance is consistent with the design criteria, which are 65 and 35 percent
removal for TSS and BOD, respectively. While data show some variability, it is within the range
normally expected for this type of facility.

Figure 3-7. Review Period Primary Clarifier TSS Removal
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Figure 3-8. Review Period Primary Clarifier BOD Removal
Note: Reported PE BOD concentrations were
less than 50 mg/L from 6/9/2006 to 7/23/2006, with some as low as 2 mg/L.
Solids concentrations in primary sludge removed from the clarifiers from 2004 to early 2009
averaged 5.5 percent solids, which indicate that the WWTP successfully achieved a high degree
of thickening in the clarifiers. Most facilities only thicken primary sludge to 4 or 5 percent solids
in primary clarifiers before experiencing operational problems associated with high sludge
blankets or septic conditions.
3.4.3

Activated Sludge Process

The activated sludge process consists of aeration tanks and secondary clarifiers. Key design and
loading parameters for the activated sludge process include the influent BOD loading or
concentration, the operating SRT in the aeration tanks, and the secondary clarifier overflow and
solids loading rates. These operating conditions will have a direct impact on system
performance.
Figure 3-9 shows the historical influent BOD concentration to the activated sludge process (also
referred to as the primary effluent BOD concentration). The average influent concentration
during the review period was 164 mg/L, which is slightly higher than the average annual design
criteria of 150 mg/L. Figure 3-9 also shows a number of periods where the 30-day running
average influent BOD concentrations approached or exceeded the maximum monthly design
criterion of 189 mg/L.
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Figure 3-9. Review Period Primary Effluent BOD Concentrations
Figure 3-10 shows the historical operating SRT since 2001. SRT is defined as the total mass of
solids in the aeration basins divided by the total mass of solids leaving the secondary system in
the waste activated sludge (WAS) and secondary effluent. Accordingly, the SRT is calculated as
follows:
SRT (days) = Aeration Basin Inventory (pounds) ÷ [WAS (pounds) + Secondary Effluent
Solids (pounds)]
Where,
Aeration Basin Inventory (pounds) = Mixed Liquor Suspended Solids (MLSS)
Concentration (mg/L) × Aeration Basin Volume (million gallons) × 8.34
WAS (pounds) = WAS Flow (mgd) × WAS Solids Concentration (mg/L) × 8.34
Secondary Effluent Solids (pounds) = Secondary Effluent Flow (mgd) × Secondary
Effluent Solids Concentration (mg/L) × 8.34
With the exception of the latter half of 2008 and early 2009, the average activated sludge process
SRT during the review period was consistently greater than the maximum month design value of
6.5 days. The average SRT for the review period was 6.9 days, as shown in the figure. An SRT
of 6.9 days should be sufficient to reliably nitrify (remove ammonia) in San Francisco Bay Area
climates. If the SRT is too low, the microorganisms that remove ammonia (nitrifiers) do not
become well established, and the nitrification process will not be stable. While it is desirable to
ensure that minimum SRT requirements are maintained for meeting treatment goals, increasing
the SRT will increase the MLSS concentration and the clarifier solids loading rate. Operating at
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too high an SRT could ultimately result in an overloaded clarifier; therefore, operating the
secondary process requires choosing an SRT that maintains an adequate treatment level without
overloading the secondary clarifiers.

Figure 3-10. Review Period Activated Sludge Process SRT
Figure 3-11 shows the historical operating secondary clarifier overflow rates, which averaged
522 gpd/sf during the review period. Though the maximum monthly average was 718 gpd/sf in
early 2002, the overflow rate has generally been maintained at or below the maximum monthly
average design criterion of 548 gpd/sf (as shown in Figure 3-11).

Figure 3-11. Review Period Secondary Clarifier Overflow Rate
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Figure 3-12 shows the historical operating secondary clarifier solids loading rates. No design
solids loading rate was noted in the original clarifier design; however, the review period average
of 14 pounds of TSS per square foot per day (lb TSS/sf/day) is well within typical industry
standards for mixed liquor settleability, given the following known clarifier sludge parameters:
average sludge volume index (SVI) of 89 milliliters per gram (mL/g) and 90th percentile SVI of
122 mL/g.

Figure 3-12. Review Period Secondary Clarifier Solids Loading Rate
Key secondary process performance metrics include ammonia removal and removal of
conventional pollutants such as BOD and TSS. Although the current NPDES discharge permit
for the WWTP does not regulate ammonia, District experience has shown that a well-nitrified
secondary effluent is more easily filtered and requires less chemical conditioning than a
non-nitrified effluent. The activated sludge process was operated with a full nitrification goal
during the review period; however, the activated sludge process was designed for BOD removal
plus complete nitrification for the average annual design loading condition. For the maximum
month design loading condition (exceeded a few times during the review period), the activated
sludge process was only designed for BOD removal.
Figure 3-13 shows historical secondary effluent ammonia concentrations. The average annual
secondary effluent ammonia-nitrogen concentration during the review period was 1 mg/L, which
indicated nitrification was occurring; however, effluent ammonia concentrations increased
occasionally, which indicated incomplete nitrification. There are several potential causes of
incomplete nitrification, including:
• Insufficient SRT to maintain a robust population of nitrifying organisms
• Operating at loading rates higher than design (which results in inadequate oxygen transfer)
• Insufficient alkalinity resulting in low pH and nitrification inhibition
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As part of the operational review task, the Plan team evaluated the existing activated sludge
process to identify causes for these periodic effluent ammonia increases. The team concluded
that the most likely cause of the periodic effluent ammonia increases is because low influent
alkalinity was leading to low secondary pH. Since this issue has been identified and addressed,
the WWTP has successfully added caustic to the activated sludge process to improve nitrification
reliability.

Figure 3-13. Review Period Secondary Effluent Ammonia Concentration

Figure 3-14 shows the daily and 30-day running average historical secondary clarifier effluent
TSS concentrations during the review period. The average annual secondary clarifier effluent
TSS concentration was 12 mg/L, which would indicate good overall performance; however,
occasionally daily and monthly average concentrations were well above 30 mg/L, as shown in
the figure, which indicates a secondary process problem.
Upon reviewing the historical SVI data for the WWTP mixed liquor, the team theorized that poor
settleability could result in occasional high effluent TSS concentrations, but perhaps not to the
extent observed in the review period. Settleability problems are not uncommon in nitrifying
systems operated without a selector. Alternatively, the high effluent TSS concentrations could
result from the low RAS rate with which the WWTP has historically been operated. During the
review period, the WWTP has operated at a 31 percent average RAS ratio. The original design
conditions ranged from 30 to 133 percent. Preliminary calculations indicate that operating at this
low RAS ratio, accompanied with moderate to poor settleability, may overload the secondary
clarifiers with respect to thickening. Poor settleability or excessively low RAS ratios can cause a
high sludge blanket in the secondary clarifiers, which may affect effluent quality. Upon review

3-19
Use of contents on this sheet is subject to the limitations specified at the end of this document.

Chapter 3

Wastewater Treatment Plant Master Plan

of sludge blanket data, it appears that some, but not all, of the periods of high effluent TSS
concentrations could be explained by a high sludge blanket.
Another possible cause of the occasional high effluent TSS concentrations could be poor
flocculation, which generally is a result of insufficient oxygen applied to the activated sludge
process. Insufficient dissolved oxygen data were available to confirm whether this was a possible
cause or not.

Figure 3-14. Review Period Secondary Clarifier Effluent TSS Concentration
3.4.4

Oxidation Ponds

The oxidation ponds receive a portion of the primary effluent and most of the WWTP recycle
streams (belt filter press filtrate [BFP], filter backwash, and algae sludge from the flocculating
clarifiers). The ponds have a long detention time and, like most ponds, experience seasonal
performance fluctuations. The main design criterion for oxidation ponds is areal BOD loading,
expressed as pounds per acre per day. For an un-aerated pond, the allowable loading depends on
received solar radiation. Recent evaluation of the ponds (Brown and Caldwell, July 2008a)
indicates they have a capacity of 48 pounds (lb) to 100 lb BOD per acre per day for summer
conditions and 19 lb to 48 lb BOD per acre per day for winter conditions (based on Pond 1
loading only). Note that an evaluation of oxidation pond loading rates was performed during the
capacity analysis (see Chapter 4).
Figure 3-15 shows the average areal BOD loading that results from raw sewage and primary
effluent during the review period (recycle streams were neglected). Average loading rates were
43 lb and 40 lb BOD per acre per day for summer and winter conditions, respectively. These
results indicate that winter conditions may be more problematic than summer conditions.
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Figure 3-15. Review Period Oxidation Pond BOD Loading
The average pond effluent ammonia-nitrogen concentration from 2004 to early 2009 was
11 mg/L. Relatively good removal was observed during summer conditions, and minimal
removal was observed during winter conditions. The average ammonia effluent concentration
and ammonia removal performance (including seasonal variations) was typical for a pond
system. Ammonia removal in pond systems deteriorates in the winter because the low
temperatures reduce the growth rate of nitrifying organisms. In addition, a decrease of solar
radiation in the winter reduces algae production, which reduces ammonia uptake by algae.
The average pond effluent TSS concentration from 2004 to early 2009 was 88 mg/L, which is
high but not uncommon for ponds with long detention times. The high TSS concentrations do not
indicate poor performance, but it has led to algae growth in these long-detention-time ponds.
Downstream flocculating clarifiers remove TSS from the oxidation pond effluent, primarily as a
result of algae being removed from the liquid stream.
3.4.5

Flocculating Clarifiers

Figure 3-16 shows the effluent TSS (daily average and 30-day running average) from the
flocculating clarifiers from 2004 through early 2009. During that period, the flocculating
clarifiers produced an average annual effluent TSS concentration of 12 mg/L, which is
considered to be generally good given the difficulty in removing algae solids. It is comparable to
other methods of algae removal, such as a dissolved air flotation thickener (DAFT).
The maximum month design overflow rate for the flocculating clarifiers is 845 gpd/sf. Actual
operating overflow rates for the clarifiers were not illustrated graphically because the historical
data did not show if one or two units were in service throughout any given year. Based on the
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reported flow through this process, the flocculating clarifier overflow rates are near the design
overflow criterion during peak flow periods, assuming both units are in service.
Oxidation pond effluent quality and possible variations in the type and concentration of different
algae species lead to fluctuations in effluent TSS. When these variations occur, District staff
modifies chemical dosing to improve effluent quality.

Figure 3-16. Review Period Flocculating Clarifiers Effluent TSS Concentrations
3.4.6

Continuous Backwash Filters

The continuous backwash filters were originally designed to operate during the summer
reclamation season and to filter activated sludge effluent from the secondary clarifiers and/or
effluent from the flocculating clarifiers. The filters are needed to produce recycled water during
the summer reclamation season and are not needed to meet NPDES discharge permits. Following
are two design loading rates for the filters:
• Design loading rate when operating with activated sludge effluent only: 3.4 gallons per
minute per square foot (gpm/sf).
• Design loading rate when operating with flocculating clarifier effluent only: 2.2 gpm/sf.
The design loading rate is lower for this operational mode since the upstream process is the
oxidation ponds, which reduces the water’s filterability.
Although the filters were designed to operate with activated sludge or flocculating clarifier
effluent, they have been operated primarily with a blend of the two feed streams year-round.
During the winter, the filters are also used in direct filtration mode to increase the river discharge
capacity of the WWTP. In direct filtration mode, the filters are used to filter oxidation pond
effluent that has not passed through the flocculating clarifiers. WWTP experience has shown that
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pond effluent is even less filterable than the activated sludge or flocculating clarifier effluent,
and the loading rates need to be lower for successful operation.
Figure 3-17 shows the historical continuous backwash filter loading rates (daily average and
30-day running average) during the January 2004 to early 2009 review period. During this time,
the filters always operated below the secondary effluent (activated sludge) design loading rate,
and generally were operated at or below the pond effluent design loading rate. A peak loading
rate of 2.7 gpm/sf occurred during the height of the 2007 summer reclamation period.

Figure 3-17. Review Period Continuous Backwash Filters Loading Rates

Figure 3-18 shows the historical effluent turbidity from the continuous backwash filters. Filter
performance with respect to meeting Title 22 requirements for turbidity, as measured in effluent
nephelometric turbidity units (NTU), has been acceptable with only a few exceptions occurring
during the review period, most notably in January 2006 and for three days in December 2006. In
these months, the filter effluent turbidity ranged from 3 to more than 10 NTU—higher than the
Title 22 turbidity requirement of 2 NTU.
During these brief periods of high turbidity, it is likely that the effluent filters were operated in
direct filtration mode to supplement secondary treatment processes and increase capacity for
river discharge. The 2-NTU Title 22 requirement does not apply to river discharges and is not
considered a violation. Regardless, the exact cause of such turbidity exceedance is unknown,
although WWTP staff has noted challenges associated with optimizing the filter coagulation
chemistry, given the varying nature of the filter feed water.
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Figure 3-18. Review Period Continuous Backwash Filters Effluent Turbidity
The other performance metric for filters is the filter reject rate, which is a percentage of the
influent feed returned through the backwash. The design reject rate when operating with
activated sludge effluent only is 10 percent. The design reject rate when operating with
flocculating clarifier effluent only is 20 percent.
Figure 3-19 shows the historical filter reject rates during the 2004 to early 2009 review period.
The average filter reject rate during the review period was 32 percent, which is significantly
higher than both design rates listed above, with many points much higher than 32 percent. These
high reject rates could be caused by any number or combination of conditions, including:
• Poor filterability of feed solids
• Difficult coagulation chemistry due to the varying nature of the feed water
• Inappropriate filter media used in the unit process that receives the blend of pond effluent
and activated sludge floc
While some or all of these factors may contribute to the high reject rates, another factor is the
way reject flow is controlled. Regardless of the influent feed flow rate, the reject flow rate
remains constant as it passes over a fixed weir. During the review period, the reject flow rate has
been approximately 1.2 mgd. While the reject flow rate can be adjusted by manually raising or
lowering the fixed weir, it is not easily or normally performed by operations staff. Because the
weir is not easily adjustable, a typical approach to setting the weir height would be to make sure
there is an adequate reject flow during peak filter feed rates. When the filter feed rates are
reduced, however, the reject flow rate remains the same and the calculated reject rate as a
percentage of influent flow will increase. This effect may help explain why the average reject
rate during the review period was 32 percent, which is significantly higher than the design range
of 10 to 20 percent.
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In Figure 3-19, note that reject rates are approximately 20 percent of the influent flow rate during
the peak of the summer reclamation season. It is during these times when recycled water
demands and filter loading rates are at their highest. During these times, the reject rate is within
the original design range for the filters. As recycled water demands and filter feed rates subside,
however, the reject flow rate stays the same and the reject rate (as a percentage of influent flow)
dramatically increases. This is one of the contributing factors to why the average reject rate has
been higher than the original design value.
There is additional discussion of the filter reject rate and filter capacity in TM No. 8.7—Tertiary
Treatment Facilities Capacity.

Figure 3-19. Review Period Continuous Backwash Filters Reject Rates
3.4.7

Secondary and Tertiary Disinfection

The District operates the WWTP disinfection system of chlorine contact basins (CCBs) in two
distinct modes pertaining to the winter and summer seasons. During river discharge in the winter
season, the East and West CCBs operate in parallel. The calculated average detention time in the
basins during the winter season was 68 minutes—longer than the original design criterion of
53 minutes. Under this operational mode, coliform counts from 2005 until early 2009 averaged
2.9 units per 100 milliliters (mL) with a maximum of 38 per 100 mL. The monthly average
coliform count limit in the WWTP NPDES permit is 33 units per 100 mL, with a single effluent
sample not to exceed 89 units per 100 mL. Based on the data analyzed, the disinfection system
performance in river discharge mode has been deemed satisfactory.
During summer reclamation mode, the East CCB and CCB 3 operate in series. The calculated
average contact time in these basins from 2002 through early 2009 was 302 minutes, and the
minimum daily contact time was 199 minutes. This is well above the Title 22 modal contact time
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requirement of 90 minutes. No coliform data was available for review for the summer
reclamation period in the review period analyzed.

3.5

Solids Process Loading and Performance

Solids process loading and performance data were analyzed for the WWTP DAFT, anaerobic
digester and BFP dewatering units.
3.5.1

Dissolved Air Flotation Thickener

The DAFT operation thickens WAS from the activated sludge processes without adding any
chemicals or polymer. A review of solids loading to the DAFT from the analyzed review period
is provided in Table 3-2.
Table 3-2. 2004 to Early 2009 DAFT Loading Comparison
Solids Loading Parameter

Loading Rate (lb/sf/day)

Actual Average Annual Solids Loading

5.2

Design Average Annual Solids Loading

7.3

Actual Maximum Month Solids Loading

13.2

Design Maximum Month Solids Loading

10.5

1

Typical Range of Solids Loading for
DAFTs without chemical conditioning

9.6 - 24

1

From Water Environment Federation Manual of Practice 8, Volume 3

The table indicates that during the review period, the DAFT unit was operated at an average
annual solids loading rate that was less than the original design loading; however, during
maximum month loading conditions in the same period, the unit was operated at a higher loading
rate than the original design criterion. All loading rates are within the range of typical industry
values (Table 3-2) where up to 24 lb TSS/sf/day is deemed acceptable.
Figure 3-20 shows the historical thickened waste activated sludge (TWAS) percent solids
concentration from the DAFT from 2004 through early 2009. During this review period, the
average solids concentration in the TWAS was 3.2 percent (without chemical addition), which is
close to the design criterion of 3.0 percent. Typically, TWAS concentrations increase if chemical
conditioning or polymer is incorporated in the process. The District could consider this change if
improved DAFT performance (higher solids concentration) is needed to increase digester
capacity.
In addition to TWAS percent solids concentration, the other important performance metric for
DAFTs is the solids capture. The solids capture is the mass ratio of TWAS to WAS. It is
desirable to operate with as high a solids capture as possible, which minimizes the amount of
solids returned to the liquid process in the recycle streams. It is uncertain what the actual solids
capture has been for the WWTP DAFT process as different calculation methods have yielded
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results ranging from 82 to 105 percent. Solids capture range is acceptable based on the accuracy
of the solids recycle stream data. Despite the data uncertainty, solids capture appears to be in line
with typical capture rates, which range from 85 to 95 percent for this process. The design
criterion for solids capture in the DAFT is 95 percent.

Figure 3-20. Review Period TWAS Percent Solids Concentrations

3.5.2

Anaerobic Digester

Two important anaerobic digestion design criteria are hydraulic retention time (HRT) and
volatile solids loading rate (VSLR). The WWTP anaerobic digester was designed for a minimum
HRT of 24 and 16.5 days at average annual and maximum month conditions, respectively.
From 2004 through early 2009, the digester operated well above the minimum criteria at
37.9 and 24.6 days at average annual and maximum month conditions, respectively. Figure 3-21
shows the historical HRT for the anaerobic digesters measured in the review period.
The anaerobic digester was designed for a maximum VSLR range of 0.08 to 0.12 pounds of
volatile solids per cubic foot per day (lb VS/cf/day) at average annual and maximum month
conditions, respectively. From 2005 through early 2009, the digester operated well below the
maximum criteria at an average and maximum month loading of 0.05 and 0.08 lb VS/cf/day,
respectively. Figure 3-22 shows the historical VSLR for the anaerobic digesters measured in the
review period.
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Figure 3-21. Review Period Anaerobic Digester HRT Measurements

Figure 3-22. Review Period Anaerobic Digester Volatile Solids Loading Rates
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The primary performance metric for the anaerobic digester is volatile solids reduction achieved.
The minimum volatile solids reduction necessary for the District to meet land application
requirements is 38 percent. Figure 3-23 shows the historical volatile solids reduction for the
anaerobic digesters during the review period between 2004 and early 2009. The average volatile
solids reduction during this time was 55 percent, which is satisfactory and indicates the digester
is performing well. This result is expected given that the digester is operating well below HRT
and VSLR design criteria. Since the egg digester is well heated and mixed, high and sufficient
VSLR should continue as loadings increase.

Figure 3-23. Review Period Anaerobic Digester Volatile Solids Reduction

3.5.3

Belt Filter Press Dewatering

The BFP units dewater digested sludge prior to disposal by mechanically reducing the moisture
content of digested sludge. The system was designed to achieve a dewatered cake concentration
of between 16 and 20 percent solids by weight. With a polymer usage ranging from 10 to 23 lb
(active) per dry ton of solids, the average cake concentration from 2004 through early 2009 was
17.1 percent. This is within the range of expected performance. Figure 3-24 shows the historical
dewatered cake percent solids concentration during the review period.

3-29
Use of contents on this sheet is subject to the limitations specified at the end of this document.

Chapter 3

Wastewater Treatment Plant Master Plan

Figure 3-24. Review Period Dewatered Cake Percent Solids Concentration
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