
 
 
 
 

Alternatives Evaluation Report 
 
 

Morro Bay-Cayucos Wastewater Treatment Plant 
Morro Bay, California 

 
 
 
 
 
 

March 2004 
 
 
 
 
 

Prepared for: 
 

City of Morro Bay – Cayucos Sanitary District 
955 Shasta Ave. 

Morro Bay, California 93442 
 
 
 
 
 

Prepared by: 
 

Cannon Associates 
364 Pacific Street 

San Luis Obispo, CA 93401 

 

 

 
 

 

 



March 2004 
 

 
Morro Bay-Cayucos Wastewater Treatment Plant  Page-i  
Alternatives Evaluation Report 
 

Executive Summary 
 
The City of Morro Bay and the Cayucos Sanitary District (MBCSD) jointly own the Morro 
Bay-Cayucos Wastewater Treatment Plant (WWTP), which discharges treated effluent to the 
Pacific Ocean.  The WWTP is currently rated for a flow-rate of 2.06 million gallons per day 

(MGD) on an annual average basis and 2.36 MGD during peak seasonal periods.  These 
ratings are based on 100% of the flow going through the primary treatment process and 
approximately 50% (or 1 MGD) going through the secondary process.  Over the past three 
years, the average annual daily influent has been 1.14 mgd (55% of the rated capacity) 

with the majority of this flow being routed through the secondary process.  Effluent 
concentrations during this same time period averaged 62 mg/l and 42 mg/l for BOD5 and 
TSS, respectively, with overall removal efficiencies of 83% BOD5 and 89% TSS.  

Comparatively, effluent concentrations averages over the past five years were 52.4 mg/l for 
BOD5 and 35.5 mg/l for TSS. 
 
Over the past three years, total plant influent flow has decreased, despite the fact that the 

population of both Morro Bay and Cayucos has continued to increase.  However, during the 
same period, the solids loading to the WWTP has increased, in the form of higher influent 
concentrations of both BOD5 and TSS.  Currently, the WWTP is rated for an influent 

concentration of 280 mg/l for both BOD5 and TSS.   The average concentrations for BOD5 

and TSS over the last three years were 362 mg/l and 378 mg/l, respectively, (a 30% and 
35% increase respectively over the rated values.) This is most likely attributable to water 
conservation efforts and inflow/infiltration reduction (repairs to the Atascadero Sewer Main 

in 1998 and 2000), which results in less water to transport solids and thus increases 
concentrations. 
 
In an ongoing effort to lower the concentrations and mass emissions of effluent BOD5 and 

TSS, the City/CSD has commissioned this study to evaluate two process modifications that 
could potentially increase the percentage of total plant influent through the secondary 
treatment process, increase the removal efficiencies of the secondary process, and 

ultimately lower the concentrations of BOD5 and TSS being discharged to the ocean.  The 
two process modifications are Flow Equalization and Trickling Filter Media Replacement.   
 
Flow Equalization consists of incorporating a large holding basin within the treatment 

process to allow for the dampening of the diurnal fluctuations in the influent wastewater 
stream by controlling release from the holding basin.  An in-line flow equalization basin after 
primary treatment was evaluated for the WWTP.  This study shows that a 64-ft diameter 

basin, 10-ft deep, provides sufficient volume to equalize the current and future expected 
daily flow-rate fluctuations.  In addition, flow equalization can provide nearly constant solids 
loadings to the secondary treatment process, thus simplifying operations and stabilizing 
clarifier-settling efficiency.  Because prolonged aeration in the equalization basin coupled 

with equalized solids loadings to the secondary process are likely to reduce BOD5 and 
increase solids settlability, a 5 to 10% increase in BOD5 removal efficiency could reasonably 
be expected in the secondary process, thus lowering effluent BOD5 concentrations in the 
range of 12 to 24 mg/l (5% to 10% of primary effluent BOD5 = 240 mg/l.)  One drawback 

to flow equalization is an increase in odors generated from aerating primary effluent in 
order to keep the wastewater in an aerobic condition.  Budgetary costs for constructing an 
equalization basin are approximately $650,000.   

 
Trickling Filter Media Replacement consists of replacing the existing rock media with plastic 
media.  The plastic media provides a larger surface area than the rock media, allowing more 
contact with the BOD5 pollutants, thus increasing the removal of BOD5 and lowering of the 

effluent concentrations and corresponding mass emissions.  Research has shown that simply 
replacing rock media with plastic media at the same depth does not necessarily provide an 
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appreciable increase in removal efficiency; however, increasing the depth of plastic media to 
at least 12-feet can provide a measurable difference in BOD5 removal efficiency.  At 12-ft in 

depth, removal efficiencies of approximately 90% BOD5 removal (effluent BOD5 
concentrations of less than 30 mg/l) can be expected for both current and future conditions; 
however, the additional solids loading resulting from these improved removal efficiencies 
coupled with increasing influent wastewater flows and BOD5 and TSS concentrations, could 

potentially put a strain on the existing secondary clarifier under future conditions.  
Budgetary costs for replacing the media and adding depth are estimated at $900,000. 
 
While both alternatives are considered feasible and would enhance effluent water quality, 

they should not be considered stand-alone solutions to meeting more stringent long-term 
water quality requirements; rather, they should be viewed as realistic components of a 
more comprehensive plant upgrade.  Even though WWTP influent flows have been 

significantly reduced in recent years, the increases in influent BOD5 and TSS are significant 
enough to warrant concern over the ability of the secondary process (and solids handling 
facilities) to handle future solids loadings of the entire influent flow.   
 

Prior to investing significant funds in the implementation of flow equalization and trickling 
filter modifications, a more comprehensive capacity evaluation of the entire WWTP (both 
liquid and solids streams) should be conducted based on potentially more stringent effluent 

discharge requirements.  From this evaluation, a long-term WWTP Master Plan followed by a 
phased capital improvement program should be developed to proactively implement 
strategic process modifications/upgrades in anticipation of these potentially more stringent 
effluent water quality requirements. 

 
In the meantime, the MBCSD should consider other low capital cost alternatives such as 
enhanced primary treatment (chemical coagulation) that will achieve the same goals of 
increasing the percentage of flow through the secondary process and enhancing effluent 

water quality.   
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1. Introduction 
 
The City of Morro Bay and the Cayucos Sanitary District (MBCSD) jointly own the Morro 

Bay-Cayucos Wastewater Treatment Plant (WWTP), which is operated by the City of Morro 
Bay.  Treated effluent from the plant, consisting of blended primary- and secondary-treated 
wastewater, discharges to unstressed open-ocean waters of the Pacific Ocean via an outfall 
pipeline and diffuser system which extends approximately 4,400 linear feet in a 

northwesterly direction and terminates approximately 2.2 miles north of Morro Rock 
(35�23’11”N latitude and 120�52’29”W longitude.)   MBCSD currently optimizes the 

efficiency of wastewater treatment through the plant by routing a significant portion of flow 
through the secondary treatment process. 

 
In an ongoing effort to improve effluent quality, MBCSD initiated this study of two specific 
process modifications in the hopes of maximizing the use of its existing facilities and 
minimizing the need for costly new expansion facilities: flow equalization and trickling filter 

media replacement.  The goals for these process modifications are to increase both flow and 
removal efficiency through the WWTP’s existing secondary treatment processes in order to 
improve the quality of effluent going to the ocean.   

 
This study offers (1) a brief review of historical and anticipated future operations and 
effluent water quality, (2) an evaluation of flow equalization of primary effluent to stabilize 
flow and organic loadings on the existing secondary process, (3) an evaluation of replacing 

the trickling filter media and modifying the trickling basins with or without flow equalization 
to increase removal efficiencies within the trickling filters themselves and to stabilize organic 
loadings on the solids contact tank and secondary clarifier, and (4) conclusions and 

recommendations for next steps.    
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2. Background 
 
This section offers a brief overview of the existing facility operations and influent and 

effluent quality.  This section provides the basis for assumptions made in examination of the 
process modification alternatives studied below.  
 
2.1 Existing Wastewater Facilities and Operations 

 
Facilities 
 
The WWTP is designed for an Average Dry Weather Flow (ADWF) of 2.06 million gallons per 

day (MGD), a Peak Season Dry Weather Flow (PSDWF) of 2.36 MGD, and a Peak Wet 
Weather Flow of 6.6 MGD.  The preliminary, primary, and disinfection treatment facilities 
are sized for these design flows.  The secondary treatment facilities, consisting of interstage 

pumping facilities, two trickling filters, a solids contact tank, and one clarifier, are designed 
for an ADWF of 0.97 MGD to meet effluent concentrations of 30 milligrams per liter (mg/l) 
for both 5-day Biochemical Oxygen Demand (BOD5) and Total Suspended Solids (TSS) 
(Carollo, 1999).  The original design criteria for the WWTP, including size, number of basins, 

organic and hydraulic loading rates, etc. are shown in Appendix A.  The current WWTP  
Layout and Hydraulic Profile are shown in Appendix B.   
 

Two major  factors to consider when evaluating the treatment capacity of processes within 
the WWTP are total influent wastewater flow (MGD) and influent strength (mg/l).  The 
design criteria for influent wastewater strength at the time of the 1985 major plant upgrade 
was 280 mg/l for both BOD5 and TSS.  As discussed below, the influent wastewater strength 

has increased over the past 3 years (2001, 2002, and 2003) to average concentrations for 
BOD5 of 362 mg/l and TSS of 378 mg/l.  These concentrations show an approximate 
increase of 30% and 35% over rated influent concentrations and are most likely attributable 
to water conservation and inflow/infiltration reduction efforts.  (Basically, there is less water 

to transport the solids, thus increasing the concentrations.)  
 
Operations 

 
An understanding of the current flow control mechanisms at the WWTP is necessary to 
evaluate the feasibility of increasing wastewater flow through the existing secondary 
process.  As stated in the 1999 Carollo Report and confirmed by WWTP staff, wastewater-

flow to the secondary process is controlled by three different control devices: a 24-inch 
butterfly valve (a.k.a. blending valve) located downstream of the primary clarifiers; a sluice 
gate at the Interstage Pumping Station facility; and a 6-inch drain which bypasses the sluice 

gate and flows directly into the Interstage chamber.  The current facility layout is shown in 
Appendix B.   
 
As the blending valve is opened and the sluice gate is raised, less wastewater flow is 

conveyed to the secondary process.  Conversely, as the blending valve is closed and the 
sluice gate lowered, more wastewater flow is conveyed to the secondary process.  The 
maximum wastewater flow to the secondary process is achieved when the blending valve is 
fully closed, the sluice gate is completely lowered, and the 6-inch drain line is fully open.  

During interviews with WWTP staff, operations personnel stated that when they operate the 
plant in this maximum-flow-to-the-secondary mode, wastewater flow tends to back-up into 
the primaries during peak hourly periods.  Despite this minor inconvenience, operations 

staff continue to maximize flow to the secondary process while closely observing primary 
effluent launder levels. 
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To validate this observation and to determine the theoretical maximum flow, a hydraulic 
capacity calculation was performed to evaluate the piping between the primaries and the 
Interstage.  The results from the calculation indicate that the maximum flow rate is 
approximately 6.6 MGD.  (See Appendix C.)  In reviewing the hourly flow data for years 

2002 and 2003, there were 5 days when the hourly flow coming into the plant exceeded this 
capacity.  In actuality, Operations staff observe increases in primary effluent launder levels 
when the flow rate is greater than 3.5 MGD, which occurs  at certain times during the year, 
especially peak wet weather days and occasional peak hourly summer days.  One reason for 

the discrepancy between the theoretical and actual flow capacities may be that the hydraulic 
resistance of the valving and piping within the system is greater than estimated.    
 

Once primary effluent enters the Interstage chamber, it flows by gravity through a series of 
baffles into the Trickling Filter Recirculation Pump Station.  The TF Recirculation Pump 
Station operates at a constant flowrate, typically 1-2 times the average dry weather flow 
rate.  This operation ensures minimum wetting requirements for the trickling filters to 

maintain biological activity and treatment during low flow periods. The Secondary Clarifier 
Pump Station operates at a varying rate by maintaining a constant wetwell level in the 
Interstage Chamber.  With this control strategy in place, diurnal fluctuations of wastewater 

flow and strength are routed through the secondary clarifier, resulting in hourly peak 
hydraulic and solids loadings on the clarifier.   
 

2.2 Historical WWTP Wastewater Influent Quantity and Quality 

Historical wastewater data for WWTP influent and effluent (both quantity and quality) has 

been well documented over the years.  Figures 2.2-1 through 2.2-4 present a summary of 
the data from the last 10 years.  The most notable observations from these trends occur in 
the last three years (2001 - 2003) and include a 25% decrease in 3-year average influent 
flow compared to the 10-year average influent flow, and an increase in the 3-year average 

wastewater strength compared to the 10-year average wastewater strength of 32% for 
BOD5 and 15% and TSS.  This trend is most likely attributable to repairs of the influent 
trunk sewer in Atascadero Road in 1998 and 2000 (resulting in less infiltration) and the 

installation of a more accurate influent flow meter in 08/01. See 2001 Annual Report. 
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Figure 2.2-1: Average Annual Influent and Effluent BOD5 and TSS Concentration 
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Figure 2.2-2: Peak Season Influent and Effluent BOD5 and TSS Concentration 
 

Upset in Secondary Clarifier, Fall 2002 
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Figure 2.2-3: WWTP Average Annual Flow and Solids Loadings 
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Figure 2.2-4: Average Influent Flow vs. Month 
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2.3 Projected WWTP Wastewater Influent Quantity and Quality 

Wastewater influent flows are projected to increase at a relatively slow rate over the next 
few years until reaching the planned build-out populations for both communities, 12,200 for 

the City of Morro Bay and 4,733 for Cayucos.  As estimated in the recent Marine Research 
Specialists Report, the population and corresponding influent flows will likely increase by 
approximately 20% over the next 30 years, increasing the current annual average daily flow 

total from approximately 1.14 mgd to 1.38 mgd, and the peak season flow from 1.25 mgd 
to 1.50 mgd (2003). 
 
For purposes of this report, four different design scenarios are used to analyze the two 

process modifications: current average annual and current peak season, and anticipated 
future average annual and future peak season.  Future influent flow projections are based 
on the population projections described above.  However, even though the average influent 
concentration strength has shown an increase over the past three years, it is likely that this 

trend is a result of system repairs and improved equipment accuracy, rather than an actual 
change in influent concentrations.  Therefore, future concentrations of BOD5 and TSS are 
expected to remain approximately the same as present levels. 

 
Table 2.3-1 – Wastewater Influent Projections 
Scenario Influent Flow (MGD) Influent BOD5 (mg/l) Influent TSS (mg/l) 

Current-Average Annual 1.14 362 378 

Current – Peak Season 1.25 405 396 

Future-Average Annual 1.38 362 378 

Future-Peak Season 1.50 405 396 

 
2.4 Effluent Water Quality Comparison 
 

The WWTP has a 301(h) modified National Pollutant Discharge Elimination System (NPDES) 
permit for discharge of blended primary and secondary effluent.   Compared to the standard 
full secondary treatment permit, two major secondary effluent limitations, Biochemical 

Oxygen Demand (BOD5) and Total Suspended Solids (TSS), are eased under this permit, 
whereas all other secondary discharge limitations remain in effect.  NPDES requirements are 
further discussed in Appendix H. 
 

As shown in Table 2.4-1, the WWTP is well within the limitations of the current Modified 
Discharge Permit in almost all instances.  An asterisk (*) is placed next to the category 
where, on rare occasion, the limitation was exceeded.  See Appendix I for a summary of 

these occurrences. 
 
Table 2.4-1 Effluent Quality Comparison 

Constituent Limitation Units Effluent Limitation Value 
for Current Modified 

Discharge Permit  

WWTP Effluent Quality  
(Average of Past 3-

years) 

30-day average mg/l 120 62 

Maximum at any time mg/l 180 114 

BOD5 

30-day removal efficiency % 30 82.1 

30-day average mg/l 70 42* 

Maximum at any time mg/l 105 105* 

TSS 

30-day removal efficiency % 75 87.4 

Minimum  6.0 7.1 pH 

Maximum  9.0 7.7 
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Despite the fact that the WWTP consistently meets permit effluent limitations, the MBCSD is 
in favor of implementing process modifications that will continually improve the quality of 
plant effluent.  The remainder of this report examines two proposed process modifications. 
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3. Description of Alternatives 
 
Two process modifications were evaluated as part of this study: (1) flow equalization of 

primary effluent and (2) trickling filter media replacement.  Both of these modifications 
were developed from the MBCSD’s desire to improve effluent water quality by increasing the 
percentage of overall plant flow routed through the secondary process thereby improving 
overall removal efficiencies and lowering effluent concentrations and mass emissions of the 

major wastewater constituents.   
 
As mentioned above, the treatment plant staff currently route as much of the plant flow as 
possible through the secondary process by closing down the blending valve.  The proposed 

modifications are designed to allow a greater percentage of plant flow to pass through 
secondary treatment process and to improve the efficiency of that secondary treatment 
process. 

 
3.1 Flow Equalization 
 
Flow equalization is defined as the dampening of diurnal-flowrate and constituent-loading 

variations in such a way that nearly constant flowrates and constituent loadings are 
discharged to downstream processes.  The effect of nearly constant flowrates and nearly 
constant constituent loadings is an elimination of drastic peaks in flow rate, allowing a 

reduction in the size and cost of downstream facilities to handle the same total volume of 
flow.  Two of the principle benefits that may derive from flow equalization are enhanced 
biological treatment due to elimination of shock loadings from daily peak periods, and 
enhanced effluent quality and thickening performance of secondary sedimentation tanks 

following biological treatment due to nearly constant solids loading (Metcaff & Eddy, 1991). 
  
For these reasons and because the total average daily flowrates are not significantly greater 
than the rated capacity of the secondary process, 1.14 mgd vs. 0.97 mgd, respectively, the 

idea of flow equalization was determined to be deserving of further evaluation. 
 

3.2 Trickling Filter Media Replacement 
 
Media replacement at the WWTP would consist of changing the existing rock media to the 

latest in plastic media.  The main benefits of changing the media include increasing the 
surface area available for treatment and enhancing the distribution of flow across the 
media.  This combination of improved distribution over an increased surface area creates a 

more efficient surface for the biological fixed-film to grow upon and increases the total 
contact area for fixed-film growth.  Because the biological fixed-film is what performs the 
wastewater treatment, an increased surface area increases the total amount of BOD5 
removed, thereby improving removal efficiency.  While research has shown that shallow 

trickling filters (such as WWTP’s trickling filters) perform about the same regardless of 
media type, it also shows that by increasing the depth of plastic media and by distributing 
the wastewater more uniformly across the media, greater efficiencies can be realized.    
 

Because research indicates that the potential for improved trickling filter efficiency depends 
not just on media type but on media depth as well, this study examines the potential  
modification of trickling filter depth along with replacement of media at the WWTP. 
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4. Analysis of Alternatives 

A focus of this study is to determine what impact the two process modifications described 
above will have on the quality of effluent from the WWTP.  To try to predict effluent 

concentrations under modified processes, it was first necessary to collect data or make 
assumptions on the strength of wastewater flows under the existing treatment process.  
Sections 4.1, 4.2, and 4.3 describe the data collection and preliminary data analysis used as 

a basis for the process modification study.  Sections 4.4 and 4.5 provide the specific 
analysis of the two alternatives. 

4.1 Data Collection 

The focus of data collection was to estimate the effects of flow equalization on the 
secondary process and to determine how process efficiency varies throughout the day and 
in the different unit processes.  Hourly water quality and flow data was collected during the 

months of September through November 2003 to develop a better understanding of the 
diurnal patterns through the treatment plant.  Because September through November is the 
low flow period of the year, the trends established during this period are normalized in the 
following sections of this report to more realistically evaluate the performance of the 

alternatives under average and peak conditions.     

Figures 4.1-1 through 4.1-5 illustrate the diurnal patterns of wastewater quantity (mgd) and 
strength (mg/l of BOD5 and TSS) throughout the day during the sampling period.  
Wastewater quality sampling was conducted at the following locations and time periods 

during the study period: raw influent, 10/27/03 - 11/03/03; primary effluent, 9/29/03 - 
10/8/03; trickling filter effluent, 10/15/03 - 10/27/03; secondary clarifier effluent, 11/03/03 
- 11/10/03; and, final effluent, 11/10/03 - 11/17/03.  Representative samples were taken 

for all days of the week including weekends and weekdays.  BOD5 and TSS data is included 
in Appendix D of this report. 
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Figure 4.1-1: Raw Influent Strength vs. Time of Day 
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Primary Effluent - 9/29/03 - 10/08/03 
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Figure 4.1-2: Primary Effluent Strength vs. Time of Day 

Trickling Filter Effluent - 10/15/03 - 10/27/03
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Figure 4.1-3: Trickling Filter Strength vs. Time of Day 
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Secondary Effluent - 11/03/03 - 11/10/03
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Figure 4.1-4: Secondary Effluent vs. Time of Day 

Final Effluent - 11/10/03 - 11/17/03

30

0

20

40

60

80

100

120

140

160

180

200

1
0
0

1
3
0

3
0
0

3
3
0

5
0
0

5
3
0

7
0
0

7
3
0

9
0
0

9
3
0

1
1
0
0

1
1
3
0

1
3
0
0

1
3
3
0

1
5
0
0

1
5
3
0

1
7
0
0

1
7
3
0

1
9
0
0

1
9
3
0

2
1
0
0

2
1
3
0

2
3
0
0

2
3
3
0

Time of Day

C
o

n
s
ti

tu
e
n

t 
S

tr
e
n

g
th

, 
m

g
/l
 a

n
d

 l
b

s
/h

o
u

r

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

F
lo

w
, 
m

g
d

TSS, mg/l

TSS, lbs/hr

TSS, mg/l Average

MGD

 
Figure 4.1-5: Final Effluent vs. Time of Day  
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4.2 Process Removal Efficiencies during Sampling Period 

This section provides a brief discussion on the removal efficiencies of BOD5 and TSS as the 
wastewater progresses through the treatment process.  In order to understand the 

efficiency of the secondary process itself, an approximation was made regarding the 
efficiency of the preliminary/primary treatment process (which determines the concentration 
of influent to the secondary treatment process).   

 
Table 4.2-1 shows the concentration and removal efficiency values used for the analysis of 
the two process modifications.  These values assist in developing the criteria for evaluating 
the alternatives and provide a method of estimating the effluent quality with or without 

process modifications.   
 
These values were determined based on the following assumptions: (1) wastewater 
strengths and flows remained fairly constant over the three-month sampling period, (2) 

90%+ of the total wastewater was routed through both primary and secondary unit 
processes during the sampling period, and (3) plant operations remained normal and 
without any significant disruptions and/or upsets during the sampling period.   

 
Table 4.2-1 

Average Influent 
Concentration 

Average Effluent 
Concentration 

Removal Efficiency Unit Process 

BOD5, mg/l TSS, mg/l BOD5, mg/l TSS, mg/l BOD5, % TSS, % 

Preliminary/ 
Primary 

242 301 171 127 29 58 

Secondary 171 127 37 36 78 72 

Overall 242 301 37 30 85 90 

 
Typical BOD5 and TSS removal efficiency ranges for preliminary/primary treatment for 
municipal WWTP(s) in the United States are 25 to 40% and 40 to 70%, respectively (Metcalf 

and Eddy, 1991).  Typical BOD5 and TSS removal efficiency ranges for a Trickling 
Filter/Solids Contact secondary treatment process vary depending on many factors, 
including solids loading rates (lbs/1,000 cf/day), hydraulic loadings (gal/day/sf), 

temperature, media type and depth, etc.  Typical BOD5 removal efficiencies for trickling 
filters, with rock media at 5-ft of depth with a 1:1 recycle rate, range from 70 to 90% for 
BOD5 mass loading rates from 90 lbs/1,000 cf/day to 10 lbs/1,000 cf/day, respectively.   
 

During the sampling period, the WWTP secondary process had an average BOD5 solids 
loading rate of approximately 45 lbs/1,000 cf/day and showed an average removal 
efficiency of 78%.  When compared to the typical removal rates for stone media, the 

WWTP’s trickling filter process should remove between 75 to 80%, indicating that the 
performance of the existing trickling filters is within normal range. 
 
4.3 Normalization of Wastewater Data for Evaluation of Alternatives 

One of the major factors in evaluating alternatives and estimating potential performance is 
determining appropriate criteria that will yield realistic results and still provide a sufficient 

level of conservatism to ensure adequate treatment during abnormal conditions.  Because 
the two alternatives being considered are secondary treatment alternatives, primary effluent 
characteristics need to be estimated to effectively evaluate the proposed process 
modifications.   

 
Table 4.3-1 is a summary of the expected average flow quantity and strengths of primary 
effluent for the four different design scenarios established in Section 2.3.  These values are 
simply an adjustment of the Table 2.3-1 values, assuming typical BOD5 and TSS removal 
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efficiencies in the primary process of 30-35% and 45-50%, respectively.  (Example: Primary 
Effluent, Current-Average Annual BOD5 = 362 mg/l – (362 mg/l x 0.34) = 240 mg/l.) 
 
Table 4.3-1 Primary Effluent Projections 
Scenario Flow, MGD BOD5, mg/l TSS, mg/l 

Current-Average Annual 1.14 240 190 

Current – Peak Season 1.25 280 230 

Future-Average Annual 1.38 240 190 

Future-Peak Season 1.50 280 230 

 
 
4.4 Flow Equalization of Primary Effluent 

This section provides an evaluation of implementing flow equalization of primary effluent at 
the WWTP.  The evaluation includes hydraulic calculations for determining the size and 

effects of a flow equalization basin, a preliminary layout and discussion of the various 
components of the process, a general description of system operations, a budget level cost 
estimate, and a brief summary of the pros and cons of flow equalization. 
 

Hydraulic Calculations and Mass Loading Effects 
A mass diagram was created for each of the four scenarios to determine the size 
requirements for the equalization basin.  The data used in this analysis was based on the 
diurnal fluctuations of flow and wastewater strength observed in the recent sampling 

program, adjusted to match the four different design scenarios.  This adjustment was 
accomplished by increasing the hourly flow and concentration values observed in sampling 
so that the daily averages equal the values in Table 4.3-1 – Primary Effluent Projections.   

 
The results for sizing the basin under the different scenarios are summarized in Table 4.4-1 
and the detailed mass diagrams and calculations are included in Appendix E. 

Table 4.4-1 Flow Equalization Storage Requirements 

Flow Equalization Basin Requirements 

Storage  Usable Depth Diameter 

Condition 

(FT3) (FT) (FT) 

Current-Average 24,600 10 56.0 

Current-Peak Season 26,900 10 58.5 

Future-Average 29,600 10 61.5 

Future-Peak Season 32,300 10 64.0 

 
The effects of installing an equalization basin are graphically shown in Figures 4.4-1 through 
4.4-4 and are tabulated in Tables 4.4-2 through 4.4-5.  To summarize, the daily fluctuations 
of the maximum hourly solids loading to the minimum hourly solids loading can theoretically 

be reduced from 4.62 to 1.12 for BOD5, and from 5.47 to 1.24 for TSS.  This dampening of 
the peaks stabilizes the maximum hourly solids loadings on the existing clarifier, thereby 
increasing the potential for improved consistency and settleability of the suspended solids. 

By keeping the suspended solids concentration nearly constant, Operations staff can more 
easily maintain the settling characteristics of the solids, thereby reducing the potential for 
plant upsets.   
 

Within the existing trickling filters themselves, flow equalization would not result in a 
significant effect on the removal of BOD5 and TSS.  In general, trickling filters convert the 
soluble portion of BOD5 into a settleable fixed-film biological growth.  The efficiency of this 

conversion process varies in proportion to the BOD5 loading rate.  (See Appendix J)  During 
a low BOD5 loading rate (such as during the early morning hours of the day), the removal 
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efficiency can be as high as 90%.  Conversely, during a high loading rate (such as around 
noon), the removal efficiency can be as low as 70%.  Therefore, over the course of a day, 
the removal efficiency of the average daily solids loading rate with the normal diurnal flow 
patterns (without flow equalization) will be approximately the same as a steady state 

loading rate (with flow equalization.)   
 
The potential for increased removal efficiencies due to flow equalization will occur in the 
solids contact and secondary clarifier facilities.  While reference material discussing flow 

equalization suggests improved removal efficiencies for BOD5 and TSS in downstream 
processes, none provide a definitive estimate of how much. This is most likely due to the 
variability of solids characteristics from plant to plant, from process to process, and from 

the ability of Operations staff to adjust to daily flow fluctuations.  However, reference 
material does suggest that because prolonged aeration is required to keep the wastewater 
in an aerobic state while in the equalization basin, a reduction in BOD5 is somewhat likely to 
occur as a result of exposing the BOD5 to additional oxygen; studies suggest that a 10 to 

20% reduction would likely be an upper limit for an in-line equalization basin of raw 
wastewater.  (WEF/ASCE, 1998).  Therefore, equalized primary-effluent solids loading to the 
downstream clarifier in conjunction with prolonged aeration should reasonably increase 

BOD5 removal efficiencies between 5 to 10%, thereby decreasing secondary effluent 
concentrations.  For the last 3-years, average effluent concentrations for BOD5 were 62 
mg/l; a 5 to 10% improvement in efficiency would lower effluent BOD5 concentrations to a 
range of approximately 38 to 50 mg/l. (5% more removal of primary effluent BOD5 of 240 

mg/l = 12 mg/l; therefore, 62 mg/l – 12 mg/l = 50 mg/l; 10% more removal from 240 
mg/l = 24 mg/l; therefore, 62 mg/l – 24 mg/l = 38 mg/l.) 
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Theoretical Flow Equalization Results
Effects on Flow and BOD & TSS Loadings

Current - Average Year

0

2,000

4,000

6,000

8,000

10,000

12,000

14,000

16,000

M
id

1
 a

.m
.

2
 a

.m
.

3
 a

.m
.

4
 a

.m
.

5
 a

.m
.

6
 a

.m
.

7
 a

.m
.

8
 a

.m
.

9
 a

.m
.

1
0
 a

.m
.

1
1
 a

.m
.

N
o
o
n

1
 p

.m
.

2
 p

.m
.

3
 p

.m
.

4
 p

.m
.

5
 p

.m
.

6
 p

.m
.

7
 p

.m
.

8
 p

.m
.

9
 p

.m
.

1
0
 p

.m
.

1
1
.p

.m
.

Time of Day

F
lo

w
ra

te
, 
ft

^
3
/h

o
u
r

0

50

100

150

200

250

M
a
s
s
 L

o
a
d
in

g
, 
lb

/h
r

Normal flowrate

Equalized flowrate

Equalized BOD mass loading

Normal BOD mass loading

Normal TSS mass loading

Equalized TSS mass loading

 
Figure 4.4-1 – Effects of Flow Equalization – Current Average Flow of 1.14 MGD 

Theoretical Flow Equalization Results
Effects on Flow and BOD & TSS Loadings
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Figure 4.4-2 – Effects of Flow Equalization – Current Peak Season – Flow of 1.20 
MGD 
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Theoretical Flow Equalization Results
Effects on Flow and BOD & TSS Loadings
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Figure 4.4-3 – Effects of Flow Equalization – Future Average – Flow of 1.38 MGD 
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Figure 4.4-4 – Effects of Flow Equalization – Future Peak Season – Flow of 1.50 

MGD 
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Table 4.4-2 Effects of Flow Equalization - Current-Average Flow of 1.14 MGD 

BOD5 Mass Loading TSS Mass Loading 

Unequalized Equalized Unequalized Equalized 

Ratios 

lbs/hr Ratio lbs/hr Ratio lbs/hr Ratio lbs/hr Ratio 

Peak 149 100 119 83 

Average 94 
1.59 

94 
1.06 

74 
1.60 

74 
1.11 

 
Minimum 32 89 22 66 

Average 94 
0.34 

94 
0.94 

74 
0.29 

74 
0.89 

 

Peak 149 100 119 83 

Minimum 32 
4.62 

89 
1.12 

22 
5.47 

66 
1.24 

Table 4.4-3 Effects of Flow Equalization - Current-Peak Season Flow of 1.25 MGD 

BOD5 Mass Loading TSS Mass Loading 

Unequalized Equalized Unequalized Equalized 

Ratios 

lbs/hr Ratio lbs/hr Ratio lbs/hr Ratio lbs/hr Ratio 

Peak 191 127 158 110 

Average 120 
1.59 

120 
1.06 

99 
1.60 

99 
1.11 

 

Minimum 41 114 29 88 

Average 120 
0.34 

120 
0.94 

99 
0.29 

99 
0.89 

 

Peak 191 127 158 110 

Minimum 41 
4.62 

114 
1.12 

29 
5.47 

88 
1.24 

Table 4.4-4 Effects of Flow Equalization - Future-Average Flow of 1.38 MGD 

BOD5 Mass Loading TSS Mass Loading 

Unequalized Equalized Unequalized Equalized 

Ratios 

lbs/hr Ratio lbs/hr Ratio lbs/hr Ratio lbs/hr Ratio 

Peak 179 120 143 99 

Average 113 
1.59 

113 
1.06 

89 
1.60 

89 
1.11 

 

Minimum 39 107 26 80 

Average 113 
0.34 

113 
0.94 

89 
0.29 

89 
0.89 

 

Peak 179 120 143 99 

Minimum 39 
4.62 

107 
1.12 

26 
5.47 

80 
1.24 

Table 4.4-5 Effects of Flow Equalization – Future Peak Season Flow of 1.50 MGD 

BOD5 Mass Loading TSS Mass Loading 

Unequalized Equalized Unequalized Equalized 

Ratios 

lbs/hr Ratio lbs/hr Ratio lbs/hr Ratio lbs/hr Ratio 

Peak 229 153 189 132 

Average 144 
1.59 

144 
1.06 

118 
1.60 

119 
1.11 

 

Minimum 49 136 35 106 

Average 144 
0.34 

144 
0.94 

118 
0.29 

119 
0.89 

 

Peak 229 153 189 132 

Minimum 49 
4.62 

136 
1.12 

35 
5.47 

106 
1.24 
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Preliminary Layout  

The most practical location at the WWTP for a 64’ diameter flow equalization basin (FEB) 
would be as shown in Figure 4.4-5.  The top and bottom elevation of the FEB would be set 

to accommodate gravity-flow from the primary clarifiers via new underground piping.  After 
being equalized, a nearly constant flow could either be pumped to the existing Interstage or 
could flow by gravity with a modulating flow-control valve/gate.   

 

 
Figure 4.4-5 Preliminary Flow Equalization Basin Layout 
 
Operations Description 

As mentioned above, primary effluent would flow by gravity from the primaries directly into 
the in-line flow equalization basin.  When the flow rate coming into the basin is greater than 
the daily average flow rate, typically from 8:00 a.m. until 10:00 p.m., the basin would begin 

filling.  From 10:00 p.m. until 8:00 a.m., the flow rate coming into the basin is less than the 
daily average, and the basin would be draining.  A constant speed pump station or a 
modulating valve/gate at the outlet of the equalization basin would allow a near constant 
discharge to the Interstage and subsequent downstream unit processes. 

 
Because of the nearly constant flow-rate, the existing trickling filter recirculation pump 
station and the existing secondary clarifier pump station would most likely be adequate as 

currently installed, as they can easily handle the projected average daily flowrates, peak-
season or average-annual.   

Flow Equalization Basin 

Future Secondary Clarifier 
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Ancillary Facilities 

In addition to a tank and a modulating outlet-valve/gate, there are several components 
associated with flow equalization of primary effluent: mixing equipment, solids and scum 

removal and pumping, and odor control.  Mixing equipment is needed to keep oxygen in the 
system and to stabilize the organics in the wastewater to maintain aerobic conditions and to 
reduce the potential for odor problems.  This mixing equipment would most likely consist of 

a diffused air system or jet mixers that would supply oxygen to the organics and keep the 
solids in suspension.  Both solids and scum mechanisms may also be desired to keep the 
basin from going septic (due to solids deposition) thereby generating odor problems.  Odor 
control equipment such as a cover and scrubber may also be desired to minimize off-gases 

released from prolonged aeration.  
 
Approximate Costs 

Planning level costs for constructing a flow equalization basin and its ancillary components 
are shown below.   
 

System Component  Costs  

Equalization Basin and Mechanical Equipment  $200,000  
Constant Speed Pump Station/Modulating Flow-Control Gate  $50,000 
Aeration System/Jet Mixers  $35,000 

Yard Piping  $35,000 
Odor Control Equipment  $50,000 

 

 Subtotal $370,000 
 
 Estimating Contingency (20%) $74,000  
 Construction Contingency (15%) $56,000 

 
 Total Construction Costs $500,000 
 

 Administration, Legal, Planning, Design, 
  & Construction Management (30%) $150,000 
 
 Total Project Costs $650,000 

 
General Discussion 

The benefits for constructing a primary-effluent flow equalization basin include: stabilized 
flow and organic loadings on the trickling filters and secondary clarifier; increased 
operability of handling solids in the secondary solids contact channel and clarifier; decreased 
potential for secondary clarifier process upsets; increased potential for greater 

settling/removal efficiencies within the clarifier; and decreased secondary clarifier pump 
station and ocean outfall capacity requirements.  As shown above, installation of a 64’ 
diameter basin will equalize flows and loadings on the downstream processes.  This 
equalization of loadings coupled with prolonged aeration should reasonably lower effluent 

BOD5 concentrations between 5 to 10%.     
 
Prior to performing additional design effort towards implementation of flow equalization, a 

more detailed evaluation of the solids contact/secondary clarifier operation should be 
performed to determine the extent of actual solids removal increases and the impacts to the 
solids handling facilities.    
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4.5 Trickling Filter Media Replacement 

This section provides an evaluation of the effects of replacing the existing stone media with 
plastic media.  The evaluation includes a review of manufacturer’s product information, 

discussions with the manufacturer’s technical staff regarding applicability of their products 
to the WWTP, preliminary performance projections, and preliminary cost estimates.   
 

Trickling Filter Plastic Media 

There are basically two types of plastic trickling filter media currently being used in the 
industry: random-dump media and structured plastic media.  A detailed comparison of 

random-dump vs. structured plastic media is beyond the scope of this study; however, the 
following discussion provides basic information about each type along with certain design 
parameters used in estimating performance. 

   
The term “random-dump media” generally refers to media that is spherical/cylindrical in 
shape with an internal web type structure that is designed to maximize surface area.  
Random-dump media is typically manufactured from high density polyethylene (HDPE) or 

polypropylene (PP).  The specific surface area typically ranges from 25 to 50 square-
feet/cubic-ft with void space around 95%. As a comparison, the specific surface area for 
rock media typically ranges from 15 to 20 square-feet/cubic-ft with a void space of only 50 
to 60%. (WEF/ASCE, 1998)   

 

 

Figure 4.5-1 – NSW Bio-Pack-SF#30 Random-Dump Media 

Structured plastic media generally consists of thin layers of plastic sheeting (PVC) 
interconnected (by welding or gluing) into standard size modules, typically 2’ x 2’ x 4’.  The 

two most common module types are cross-flow and vertical-flow media, as shown below. 

  

Figure 4.5-2 – Brentwood Industries Structured Plastic Media 

The cross-flow media provides a more uniform distribution across the media and offers 
better performance than the vertical-flow, but under heavy solids loading, tends to be more 
susceptible to plugging than the vertical-flow.  The specific surface area for structured 
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plastic media (used for soluble carbonaceous BOD5 removal) typically ranges from 27 to 32 
square-feet/cubic-ft with void space around 95% (WEF/ASCE, 1998). 
 
Preliminary Performance Projections 

The two major USA manufacturers of trickling filter plastic media, Brentwood Industries and 
NSW Environmental Systems, were contacted to gather information regarding the 

applicability of their products for the WWTP.  Both companies were given basic design 
criteria about the plant including the projected influent flows and wastewater strengths for 
the four planning conditions.  Both companies were also asked to provide an initial analysis 
of whether the existing trickling filters could be retrofitted with their media to provide a 

significant improvement in the overall plant effluent quality.   
 
Initially, NSW provided an estimate of the BOD5 removal efficiency and effluent 
concentration if the existing rock media was simply replaced with their random-dump media 

at the same depth of 5-ft.  Two scenarios were modeled, current peak-season and future 
peak-season, as follows. 
 

1. Current peak-season influent flow of 1.25 mgd, influent BOD5 concentration of 393 
mg/l, primary effluent BOD5 concentration of 275 mg/l, available trickling filter 
volume for media of 33,300 cubic-feet, yielding an average daily BOD5 loading of 86 
lbs/1,000 ft3/d.  From this, their model estimated a removal efficiency of 

approximately 80% and an average effluent concentration of 55 mg/l.   
 

2. Future peak-season influent flow of 1.5 mgd, influent BOD5 concentration of 393 

mg/l, primary effluent BOD5 concentration of 275 mg/l, available trickling filter 
volume for media of 33,300 cubic-feet, yielded an average daily BOD5 loading of 104 
lbs/1,000 ft3/d.  From this, their model estimated a removal efficiency of 
approximately 77% and an average effluent concentration of 65 mg/l.   

 
These same hypothetical loadings when applied to a shallow rock media filter would yield 
removal efficiencies of approximately 72% and 68% and average effluent concentrations of 
approximately 77 mg/l and 88 mg/l, respectively (Hammer, 1986).  Theoretically, replacing 

the existing rock media with random-dump plastic media has the potential to moderately 
increase removal efficiencies (8 to 9%). However, actual removal efficiencies from the 
existing rock media filters are slightly higher than the theoretical, making the potential 

increase more realistically 3 to 5%.  In addition, it should also be noted that research 
conducted by the Water Environment Federation suggests that plastic media (the cross-flow 
type), in the range of 3 to 8 feet deep, does not necessarily perform “better than or 
sometimes as good as” a rock media filter (WEF, 2000).    

 
Given this result and the fact that removal efficiencies increase in proportion to filter media 
depth, both manufacturers were asked to use their models to determine the depth of media 

required to obtain BOD5 removal efficiencies of 90%+ while maintaining the existing 
trickling filter configurations (locations and diameters.)  NSW modeled their random-dump 
media (Bio-Pack-SF#30, specific surface area of 30 sf/cf) and Brentwood their cross-flow 
media (CF/S-3000, specific surface area of 31 sf/cf).  Given the same wastewater loadings 

as before, both manufacturer’s models yielded the same result: in order to obtain a removal 
efficiency of 90% or better without forced ventilation, the depth of the media needs to be 
increased to at least 12 feet.  This equates to a media volume of approximately 80,000 
cubic-feet for both media types and a resultant BOD5 solids loading rate of 43 lbs/1,000 

ft3/d.  From this, their models yielded a removal efficiency of approximately 90% and 
average effluent concentrations ranging from 21 to 28 mg/l.  Modeling results are included 
in Appendix F. 
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Approximate Costs 

Planning level costs for retrofitting the existing trickling filters from shallow rock media to 
random dump plastic media are estimated as shown below.  (See Appendix G for more 

detail regarding media replacement costs.)  For comparison purposes, two cost estimates 
were prepared, one for the replacement of media at the current depth (5-ft) and the other 
for 12-ft of media depth.  Simply replacing the media at the same depth is less costly and 

easier to construct.  Adding depth to the existing filters will require more extensive 
retrofitting.  The Center-well and Distribution Arm Assembly will need to be raised to handle 
the additional filter height.  The walls will need to be built-up (such as welded-steel ring, 
etc.) to support the media.  (The random-dump media requires more lateral support than 

the cross-flow media; however, both require substantially less than the rock media).  
Adding depth to the filters may require a minor retrofitting of the re-circulation pump 
station due to an increase in the lift to the top of the filters.  Finally, if the existing filters are 
to be reconstructed in their current location, construction activities will need to be closely 

coordinated during low-flow periods of the year with the possibility that there may be a 
need to set-up temporary treatment systems during construction.  

 
System Component  Costs  
Existing Rock and Under-drain Removal and Disposal  $40,000 
Random-Dump/Cross Flow Media  $100,000 

Under-drain System/Vent Piping/etc.  $30,000 
Temporary Treatment Systems (during construction)  $30,000 

 Subtotal $200,000 

 Estimating Contingency (20%) $40,000 

 Construction Contingency (15%) $30,000 

 Total Construction Costs $270,000 

 Administration, Legal, Planning, Design, 
  & Construction Management (30%) $80,000 
 

 Total Project Costs (5-ft deep media) $350,000 
 

System Component  Costs  
Existing Rock and Under-drain Removal and Disposal  $40,000 

Center-well and Distribution Arm Modifications  $50,000 
Trickling Filter Wall Modifications (Structural) (depends on detailed eval.)  $70,000 
Random-Dump/Cross Flow Media  $250,000 

Under-drain System/Vent Piping/etc.  $30,000 
Recirculation Pump Station Modifications (increased TDH requirements)  $20,000 
Temporary Treatment Systems (during construction)  $40,000 

 Subtotal $500,000 

 
 Estimating Contingency (20%) $100,000 
 Construction Contingency (15%) $75,000 
 

 Total Construction Costs $675,000 
 
 Administration, Legal, Planning, Design, 

  & Construction Management (30%) $202,500 
 
 Total Project Costs (12-ft deep media) $880,000 
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General Discussion 

Upgrading the trickling filter media from rock to plastic and increasing the media height 
from 5 feet to 12 feet is feasible and has the potential to substantially improve effluent 

water quality by increasing BOD5 removal efficiencies.  With this increase, additional solids 
loadings to the downstream clarifier and solids handling facilities can be expected and must 
be accounted for.  The additional solids loadings on the downstream clarifier are generated 

from the sloughing-off of fixed film biological growth as it converts more soluble BOD5 into 
settleable solids.  In order to treat these additional solids, a larger population of 
microorganisms is needed in the clarification process.  These microorganisms when mixed 
with the effluent stream from the trickling filters (measured in terms of Mixed Liquor 

Suspended Solids, MLSS, concentrations, mg/l), constitute the solids loadings on the 
clarifier.  Based on information obtained from Operations staff regarding the settling 
characteristics of the existing solids, the following analysis was conducted to determine 
whether or not the existing clarifier can handle additional loads.   

 
A brief comparison of Current (Peak Season) and Future (Peak Season) vs. Typical Design 
ranges for each of these criteria is shown below.  The major design criteria for determining 

the impacts of these additional solids loadings on the clarifier are: hydraulic loading rate 
(gal/day/square-feet of clarifier area), hydraulic retention time (hours), solids loading rate 
(lb Mixed-Liquor-Suspended-Solids/day/square-feet of clarifier area), and solids settleability 
(expressed as Sludge Volume Index (SVI), ml/g.)  The typical design ranges and values 

shown for the various parameters were taken from several references: WEF/ASCE 2000, 
Hammer 1986, and the Vancouver Study.   

Current Conditions (Peak Season) 

Average Daily Dry Weather Flow (ADWF) = 1.25 MGD 
Average Daily Peak Hourly Flow (APHF) = 2.5 MGD 
Average Primary Effluent BOD5 concentration, mg/l = 171 mg/l 

Mixed Liquor Suspended Solids Concentration (MLSS) = 3,000 mg/l* 
Clarifier Surface Area = 2,347 ft2 

Sludge Volume Index (SVI) = 35 to 50 ml/g (typical values per Operations staff) 
*Value to increase as primary influent concentration increases. 

 
Parameter Units Future 

Conditions 
Typical Design 

Range 

Hydraulic Loading @ ADWF gal/day/sf 532 400 - 800 

Hydraulic Loading @ APHF gal/day/sf 1,065 <1,200 

Hydraulic Retention Time @ ADWF hours 5 2 to 3  

Hydraulic Retention Time @ APHF hours 2.5  2 to 3  

Solids Loading @ ADWF lbs of MLSS/day/sf 13.5 <15 

Solids Loading @ APHF lbs of MLSS/day/sf 27 <30 

SVI ml/gram 35 - 50 < 135 

Future Conditions (Peak Season) 

Average Daily Dry Weather Flow (ADWF) = 1.5 MGD 

Average Daily Peak Hourly Flow (APHF) = 3.0 MGD 
Average Primary Effluent BOD5 concentration, mg/l = 171 mg/l 
Mixed Liquor Suspended Solids Concentration (MLSS) = 3,600 mg/l* 
Clarifier Surface Area = 2,347 ft2 

Sludge Volume Index (SVI) = 50 to 100 ml/g  
*Value to increase as primary influent concentration increases. 
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Parameter Units Future 
Conditions 

Typical Design 
Range 

Hydraulic Loading @ ADWF gal/day/sf 640 400 - 800 

Hydraulic Loading @ APHF gal/day/sf 1,280 <1,200 

Hydraulic Retention Time @ ADWF hours 4.2 2 to 3  

Hydraulic Retention Time @ APHF hours  2.1 2 to 3  

Solids Loading @ ADWF lbs of MLSS/day/sf 19.2 <15  

Solids Loading @ APHF lbs of MLSS/day/sf 38.4 <30 

SVI ml/gram 50 - 100 < 135 

 

Theoretically, under current peak season conditions and current primary effluent strengths, 
the existing clarifier will operate within typical design ranges; whereas, under future peak 
season conditions, the existing clarifier will be either at the upper limits or slightly exceed 
the typical design criteria.  The limiting factor will most likely be the MLSS solids loading 

concentrations and its effect on the settleability of the sludge.  As wastewater-flow and 
strength from the primaries increases and/or trickling filter soluble BOD5 removal efficiency 
increases, the MLSS concentration will need to increase in order to handle the solids 
loadings.  This in turn may change the settling characteristics of the solids, resulting in 

higher SVI values and the possibility of losing solids over the clarifier weirs.     
 
Prior to initiating the design of trickling filter modifications, additional analysis should be 

performed to determine the effects that increases in MLSS concentrations will have on the 
existing clarifier and the solids handling facilities (WAS pumping, digesters, drying beds, 
etc.)   
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5.0 Conclusions and Recommendations 
 

Due to the MBCSD’s desire to continually investigate and evaluate opportunities to increase 
effluent water quality from the WWTP, this study was commissioned to conduct research 
into the viability of two process modifications: flow equalization of primary effluent, and 

trickling filter media replacement.  As part of this effort, influent and effluent data was 
reviewed to estimate future wastewater influent characteristics (both quantitative and 
qualitative.)  Extensive diurnal wastewater quality information was collected and analyzed 
at key locations within the plant to assist in evaluating process performance of existing and 

proposed processes.  The process piping between the primary and secondary facilities was 
analyzed to determine flow capacities and limitations of routing additional flow through the 
secondary process.  The following conclusions were derived from the research and analysis 

of the two process modifications.  
 

1.) Influent Wastewater Flow to the WWTP has averaged 25% less in the past three 
years than in the past 10-years, 1.14 MGD vs. 1.52 MGD.  This trend is most likely 

attributable to repairs of the influent trunk sewer in Atascadero Road in 1998 and 
2000 (resulting in less infiltration) and the installation of a more accurate influent 
flow meter in August of 2001.  Influent Wastewater flows are projected to increase 

from current conditions to future build-out conditions, 1.14 MGD to 1.38 MGD for 
average annual, and 1.25 MGD to 1.50 MGD for peak season, respectively.  

 
2.) Influent BOD5 and TSS concentrations to the WWTP are 30% higher in the last three 

years then when the secondary process was originally designed, 362 mg/l and 378 
mg/l vs. 280 mg/l and 280 mg/l, respectively.  This trend is most likely attributable 
to water conservation and inflow/infiltration reduction efforts.  Basically, there is less 
water to transport the same solids per capita loadings resulting in increases in 

influent concentrations.  
 

3.) The WWTP is operating well within the limitations of the current Modified Discharge 

Permit in almost all instances as Operations staff continue to enhance effluent water 
quality by maximizing the amount of flow through the secondary process. 

 
4.) Construction of a 64’ diameter primary-effluent flow equalization basin between the 

primary clarifiers and the Interstage has several benefits: stabilized flow and organic 
loadings on the trickling filters and secondary clarifier; increased operability of 
handling solids in the secondary solids contact channel and clarifier; decreased 

potential for secondary clarifier process upsets; increased settling/removal 
efficiencies within the clarifier; and decreased secondary clarifier pump station and 
ocean outfall capacity requirements.   

 

5.) Implementing flow equalization without upgrading the trickling filters would most 
likely result in the operational benefits described above, but there would not be a 
significant increase in the quantity of the soluble BOD5 removed.   Even though the 
total BOD5 and TSS mass loadings are significantly damped by the basin, the amount 

of soluble BOD5 removed by the existing rock media trickling filters would not 
decrease significantly and would continue to pass through the secondary clarifier.   

 

6.) Upgrading the trickling filter media from rock to plastic and increasing the media 
height from 5-ft to 12-ft has the potential to substantially improve effluent water 
quality by increasing soluble BOD5 removal efficiencies.  However, with this increase, 
additional solids loadings to the downstream clarifier and solids handling facilities can 

be expected and must be accounted for.  The additional solids loadings on the 
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downstream clarifier are generated from the sloughing-off of fixed film biological 
growth as it converts the soluble BOD5 into settleable solids.  These settleable solids 
must then be removed in the clarifier. 

 

7.) Implementing the trickling filter media upgrade without flow equalization would 
increase the removal of the soluble BOD5 but would also increase peak solids loading 
on the downstream clarifier.  The trickling filter media upgrade in conjunction with 
flow equalization would result in an increase in soluble BOD5 removal and a nearly 

constant solids loading rate; however, the solids loading rate on the downstream 
clarifier may be too much to maintain a consistent, high-quality effluent under future 
conditions.  A more detailed evaluation of the solids contact/secondary clarifier 

operation should be performed to determine the extent to which actual solids can be 
removed.  

 
8.) While both alternatives are considered feasible and would enhance effluent water 

quality, they should not be considered stand-alone solutions to meeting more 
stringent long-term water quality requirements; rather, they should be viewed as 
realistic components of a more comprehensive plant upgrade.  Even though WWTP 

influent flows have been significantly reduced in recent years, the increases in 
influent BOD5 and TSS are significant enough to warrant concern over the ability of 
the secondary process (and solids handling facilities) to handle future solids loadings 
of the entire influent flow.   

 
The following recommendations are provided to assist MBCSD in implementing a program to 
continue to enhance effluent water quality from the treatment plant.   
 

Primary Recommendations 

1.) The WWTP, as currently configured, is meeting its NPDES permit discharge 

requirements; however, if permit requirements become more stringent, MBCSD will 
most likely need to increase the scope of the expansion to match the discharge 
requirements.  Prior to investing significant funds in the implementation of flow 
equalization and trickling filter modifications, a more comprehensive capacity 

evaluation of the entire WWTP (both liquid and solids streams) should be conducted 
based on potentially more stringent effluent discharge requirements.  From this 
evaluation, a long-term WWTP Master Plan followed by a phased capital 

improvement program should be developed to proactively implement strategic 
process modifications/upgrades in anticipation of these potentially more stringent 
effluent water quality requirements. 

 

2.) As part of the WWTP Master Plan effort, develop a more comprehensive 
understanding of the influent wastewater trends for both BOD and TSS.  Determine 
why the trend in concentrations has decreased in the last 3-years.  Should 

concentrations begin to rise again, develop a strategy for minimizing the loads at the 
source. 

 
3.) Investigation into Enhanced Primary Treatment, also referred to as Chemical 

Coagulation, should be conducted.  This consists of the addition of chemicals (usually 
ferric chloride and/or anionic polymer) prior to primary sedimentation to promote 
solids flocculation and increased solids settling characteristics.  Primary clarification 
with coagulation may remove 60 to 90% of the total suspended solids (TSS) and 40 

to 70% of the BOD5 (Metcalf & Eddy, 1991).  Given that existing removal efficiencies 
for TSS and BOD5 at the WWTP are approximately 60% and 30%, respectively, 
enhanced primary treatment has the potential to significantly improve effluent water 
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quality.  Prior to implementation, a detailed evaluation should be conducted to 
determine the effects on downstream solids-handling processes. 

 
4.) Further investigation into the hydraulic restriction in the piping between the primary 

clarifiers and the Interstage facility should be performed.  One possible solution 
would be to increase the size of the sluice gate and wall-opening at the Interstage 
structure.  This modification would provide more hydraulic-gradient between the 
facilities and would increase the flow-carrying capacity.  A review of downstream 

impacts should be conducted prior to implementation. 
 
Secondary Recommendations 

1.) Increase the frequency of sampling and data collection between the different unit 
processes.  More analysis should be conducted to develop a better understanding of 
the relationship between TSS, Total BOD5, and soluble BOD5 at the various stages of 

treatment within the plant.  This information should be recorded in electronic format 
to provide easy retrieval for future studies, evaluations, and designs.  

 

2.) Upgrade and/or modify the existing in-plant process flowmeters in order to be able 
to record and store data for future studies, evaluations, and designs.  
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