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ABSTRACT
An empirical equation developed and described by Wahlberg (2006) was successfully applied to
a historical dataset at the San José-Santa Clara Regional Wastewater Facility (RWF) in San Jose,
California. The equation is an empirical equation which utilizes primary influent pollutant
concentrations and surface overflow rates (SOR) as inputs. Merlo et al. 2016 previously
evaluated the use of this equation to predict primary clarifier performance at five full-scale
facilities. Merlo showed that this equation could successfully predict primary clarifier
performance over a range of conditions. Historical data from the RWF was used to develop a
pollutant removal algorithm to predict primary clarifier performance at varying conditions.
Extensive field testing at the RWF was conducted to verify that the pollutant removal algorithm
accurately predicted performance over a range of conditions. Details of the comprehensive stress
test of four full-scale primary clarifiers at the RWF are described.
KEYWORDS: primary clarification, stress testing, model, sedimentation
INTRODUCTION
Primary clarifiers are used to redirect total suspended solids (TSS) and carbon away from the
liquid stream treatment and towards solids treatment. Typically, design engineers assume a
constant TSS, 5-day biochemical oxygen demand (BOD), and chemical oxygen demand (COD)
removal rate across the primary clarifiers irrespective of the operating conditions. Such an
assumption ignores the fact that influent flows change over time as well as influent pollutant
loadings. It has been shown that there are two main operating parameters which impact TSS and
BOD removal, which are surface overflow rate (SOR) and influent pollutant concentration
(Wahlberg, 2006). Wahlberg developed an empirical equation which has been used successfully
to predict primary clarifier performance over a range of SOR values and influent pollutant
concentrations. The application of this model was previously described by Merlo et al. (2016),
which evaluated the use of the model at five different facilities.
Primary clarifiers are useful for removing only particulate fractions of TSS and carbon
(measured as BOD and COD). Influent TSS consists of particulate settleable TSS and particulate
non-settleable TSS. Influent BOD (or COD) consists of particulate settleable BOD, particulate
non-settleable BOD, and soluble BOD. Identifying the fact that primary clarifiers remove only
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settleable particulate material, Wahlberg (2006) developed the following equation to describe
primary clarifier performance.
C PE =C non +(C PI – C non )e(–λ / SOR)
where:
C PE
=
C non =
C PI
=
λ
=
SOR =

(1)

primary effluent COD, BOD, or TSS concentration (milligram per liter [mg/L])
non-settleable COD, BOD, or TSS concentration (mg/L)
primary influent COD, BOD, or TSS concentration (mg/L)
settling constant (gallons per day per square foot [gpd/ft2])
surface overflow rate (gpd/ft2)

This paper provides details on a recent application of this method at the San José-Santa Clara
Regional Wastewater Facility (RWF) in San Jose, California, where stress testing was performed
on four full-sized primary clarifiers which posed unique challenges for the sampling team. The
RWF is rated for an average dry weather flow of 167 million gallons per day (mgd) and has 18
primary clarifiers that are regularly used. The test was used to determine the performance of
small and large clarifiers at different loading conditions and sludge pumping operations, as well
as to predict primary effluent water quality at future flow and loading conditions which differ
from existing flow and loading conditions. This analysis was used to estimate future primary
effluent water quality and loading to the secondary process and was used in conjunction with a
whole plant BioWinTM model. The secondary analysis and BioWinTM modeling are not described
in this work.
Objectives of this work include:
•

Influent Characterization: Characterize the influent into settleable and non-settleable
fractions to use in Wahlberg’s empirical equation.

•

Clarifier Comparison: Compare clarifier performance in the small and large clarifiers at the
RWF

•

Fermentation Analysis: Determine if maintaining a sludge blanket depth (SBD) greater
than 18 inches impacts clarifier performance and/or results in sludge fermentation at the
RWF

•

Describe Effectiveness of the Model: Describe the fitting parameters for the RWF.

MATERIALS AND METHODS
Wahlberg’s equation was used at the RWF to determine the best fit parameters based on
historical data and then verified with stress test data. Extensive field testing was performed at the
RWF to verify the best fit parameters determined from the historical dataset.
The RWF consists of two primary clarifier batteries: East Primary which treats screened and
degritted influent flows (primary influent) prior to secondary treatment, and West Primary which
is used primarily for primary influent storage during maintenance events and elevated wet
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weather flow events. Current plans are to continue operating East Primary as the main liquid
stream primary treatment clarifiers, hence clarifier testing was only completed on East Primary.
East Primary consists of 18 primary clarifiers of two different sizes, both of which are operated
in parallel. Table 1 presents a summary of the primary clarifier dimensions. The RWF typically
operates its primary clarifiers to maintain a SBD of approximately 18-24 inches. To evaluate
clarifier performance of both the small and large clarifiers, the following primary clarifiers were
monitored during testing:
•

Tank A-1: Small clarifier with increased sludge pumping to reduce clarifier sludge
blankets lower than typical

•

Tank A-4: Small clarifier with standard operating sludge pumping (typical SBD of 18 to
24 inches, as measured 15 feet from the tank inlet)

•

Tank C-5: Large clarifier with increased sludge pumping to reduce clarifier sludge
blankets lower than typical

•

Tank C-9: Large clarifier with standard operating sludge pumping (typical SBD depth of
18 to 24 inches measured 15 feet from the tank inlet)

Primary clarifier testing consisted of taking a series of grab samples from the primary influent
and the primary effluent of each clarifier while operating the four test clarifiers over a range of
SORs. This was accomplished by utilizing the naturally occurring diurnal flows into the plant
and periodically reducing the number of on-line clarifiers to achieve higher SORs. The primary
clarifiers were tested at SORs ranging from 1,125 to 2,440 gpd/ft2 with the upper range limited
by high water surface levels observed in the primary influent channel. City staff noted before the
test that the water surface could not touch the bottom of the bridge which set the maximum water
surface allowable in the primary influent channel.
The testing was conducted from 07:00 to 15:30 each day on June 12 and 13, 2017. In general, the
test consisted of removing clarifiers from service (by closing inlet gates) to increase the SOR to
four test clarifiers (tanks A-1, A-4, C-5, and C-9). In addition, the natural diurnal variation in the
influent flow rate was used to achieve a wide range of SORs throughout each day.
Table 1. Summary of Primary Clarifier Dimensions
Side
water
depth, ft

Surface area per
clarifier, ft2

Tank names

Number

Length, ft

Width,
ft

Tanks A-1 through A4, B-1 through B-4

8

166

41.0

7.75

6,806

Tanks C-5 through C9, D-5 through D-9

10

208

39.5

7.75

8,216

One objective of this testing was to determine whether thickening primary sludge in the clarifiers
impacts the primary effluent COD fractions and primary clarifier pollutant removal rates.
Therefore, tanks A-1 and C-5 had their primary sludge pumping frequency increased to achieve a
lower SBD. Primary sludge pumping rates in test tanks A-4 and C-9 were targeted to maintain
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typical sludge pumping rates as directed by RWF operations staff to maintain an SBD of 18 to 24
inches. Table 2 describes the reason for testing each clarifier.
During each test day, seven primary influent samples and seven primary effluent samples from
each test clarifier were collected. Primary influent samples were collected from the influent
channel as shown in Figure 1. This sample location is next to the cart bridge, which goes over the
largest primary influent channel. The influent sample was collected approximately midstream
(i.e., halfway between the sidewalls and half of the side water depth). Typically, a sample of
approximately 8 liters (L) was collected by combining 8 to 10 consecutive grab samples
collected using a sampling cup attached to a pole.
Primary effluent samples were collected from each of the four test tanks: A-1, A-4, C-5, and C-9.
These samples were collected approximately one hydraulic residence time (HRT) after the
primary influent sample was collected (HRT was calculated at the time the influent sample was
collected) to calculate pollutant removal based upon when the flow enters and exits the clarifier.
Primary effluent was collected from the midstream of the middle two launders (each clarifier has
10 total launders). Each sample comprised five 0.8 L aliquots collected from each of the middle
two launders, while alternating which launder was being sampled.
Table 2. Summary of Test Clarifiers
Tank Number

Reason for Sampling

A-1

Collect data to compare to tank A-4 to determine difference in primary
effluent water quality due to pumping thin sludge (lower blankets) and use
data to develop pollutant removal algorithm

A-4

Collect data representative of current operations to compare to tank A-1
and use data to develop pollutant removal algorithm

C-5

Collect data to compare to tank C-9 to determine difference in primary
effluent water quality due to pumping thin sludge (lower blankets) and use
data to develop pollutant removal algorithm

C-9

Collect data representative of current operations to compare to tank C-5
and use data to develop pollutant removal algorithm
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Figure 1. Aerial schematic showing locations of grab samples
Throughout the 2-day stress test, 14 grab samples were collected from the primary influent
channel near the bridge. Non-settleable tests were performed on eight of these samples. The nonsettleable test defines how much of the influent solids composition will not settle in an ideal
clarifier environment. These values can then be compared to the primary effluent values to
determine how close to ideal the clarifier is performing. The non-settleable testing procedure
which was performed on primary influent samples follows:
1. Collect at least 2-liters of primary influent.
2. Pour 2 liters of the primary influent sample into a 2-L square jar and flocculate the
sample at a G-value of approximately 60 per second, for 30 minutes using a Phipps and
Bird jar tester. The paddle speed will be adjusted depending on temperature to achieve
this value.
3. Remove the paddle without stirring the flocculated sample and allow the sample to
settle for 30 minutes.
Collect a sample of the supernatant from the tap on the jar for analysis of TSS, BOD and COD.
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RESULTS
Fermentation Analysis at the RWF
One of the objectives of the stress test was to determine if maintaining a SBD greater than 18
inches impacts clarifier performance and/or results in sludge fermentation at the RWF. The SBD
goal at the RWF is to be between 18 and 24 inches, as measured approximately 15 feet from the
sludge hopper near the influent to the primary clarifier. The SBD is measured every 6 hours
around the clock and the primary sludge pump timer is adjusted by operators accordingly as
needed to maintain the target SBD.
Two issues with maintaining the target sludge blanket depth occurred during stress testing. The
first issue occurred on Day 1 when the primary sludge pumps were accidentally placed into
continuous duty for the first five hours of testing, resulting in low clarifier SBDs of 5 to 15
inches in all test clarifiers. SBD measurements were taken approximately every hour during the
stress test and when they were found to be too low, the sludge pumping timers in Tanks A-4 and
C-9 were adjusted per the sampling plan and testing continued.
The second issue occurred on Day 2 when the primary sludge pump for tank C-5 tripped “off”
and was offline for up to five hours during the test (unknown exactly when the primary sludge
pump tripped “off”). Adjustments to the timer were made once SBDs started to rise, but these
adjustments did not impact SBD because the pump was not operational. The primary sludge
pumping control system is antiquated and there are no alarms to alert the operators that a pump
had tripped. It wasn’t until operations staff went down to investigate the pump that this issue was
realized.
Due to these two difficulties, a side-by-side comparison of operations with low sludge blankets
and typical sludge blankets was not obtained. However, the operation at low sludge blankets did
provide data to develop TSS, COD, and BOD removal algorithms which were compared to
historical primary clarifier performance with typical sludge blankets. Figures 2 and 3 show the
SBD measurements taken during the stress test. The goals for Tanks A-1 and C-5 were <6 inches
and the goals for Tanks A-4 and C-9 were 18-24 inches. These goals were not obtained for the
reasons described above.
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Figure 2. SBD measured during stress test in Tanks A-1 and A-4
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Figure 3. SBD measured during stress test in Tanks C-5 and C-9
An evaluation was performed to quantify any fermentation that may have occurred in the
primary clarifiers. Figure 4 shows a time series plot of the primary effluent soluble COD minus
the primary influent soluble COD for each of the four clarifiers. There were no significant
differences between the four clarifiers and none of the clarifiers had a consistent increase in
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soluble COD from primary influent to primary effluent. An increase across the clarifiers would
be an indication that fermentation was occurring in the clarifiers. Table 3 presents a summary of
the effluent flocculated filtered COD (ffCOD) and volatile fatty acid (VFA) concentrations at the
effluent to each of the four clarifiers. There are not significant differences between the pairs of
clarifiers. This agrees with a previous study conducted by the City where VFA concentrations
were measured before and after the primary clarifiers for a 5-month long period (Figure 5). The
VFA concentrations at the primary influent and primary effluent were the same, which also
indicates that there was not fermentation occurring in the primary clarifiers. This is significant
because this particular VFA test was conducted when the SBD was maintained in the 18 to 24inch range.

80
A-1 delta sCOD
A-4 delta sCOD

60

Primary Eff sCOD - Primary Inf sCOD

C-5 delta sCOD
C-9 delta sCOD
40

20

0

-20

-40
6/12/2017 0:00

6/12/2017 12:00

6/13/2017 0:00
Date/Time

6/13/2017 12:00

6/14/2017 0:00

Figure 4. Difference between primary effluent and primary influent sCOD concentrations
measured for each data point
Table 3. Primary Effluent Median ffCOD and VFA Data during the Stress Test
Parameter
A-1
A-4
C-5
C-9
Effluent ffCOD, mg/L

135

130

122

128

Effluent Total VFA, mg COD/L

63

66

66

69
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Figure 5. Time series plot showing VFA concentration of the primary influent and primary
effluent over a 5-month period.
Primary Influent Characterization
Table 4 presents the primary influent flow-weighted average concentrations calculated for the
various influent parameters from the stress test data, including non-settleable and soluble species.
These values are compared to historical flow-weighted primary influent composite values. In
general, the stress test primary influent BOD flow-weighted average concentrations were lower
than the reported primary influent BOD from 2012 to 2016. The stress test primary influent TSS
and COD flow-weighted concentrations were similar to recent historical values. BOD is an
analysis that may have some variance between different labs while TSS and COD measurements
should have very similar results between different labs. Since the TSS and COD are very similar
to historical but BOD is lower, it is possible that this is due to having a different lab perform the
analysis during the stress test than during period of 2012-2016 (private lab versus City lab).
Having a lower BOD concentration than historical was not unique to this part of the project, but
was also found during the wastewater characterization (data not shown).
Table 4 shows various pollutant concentrations from grab samples collected during the stress
test, the historical average from primary influent composite samples, and the value of the
composite sample from the primary influent on 6/13/17, which was the date of one of the stress
testing days. This shows that the stress test was performed during a time when primary influent
characteristics were similar to recent historical composite values (2012 to 2016), which is ideal
when comparing primary treatment performance to that data set. The stress test influent samples
were used along with paired primary effluent samples to calculate removal for each pollutant.
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The non-settleable pollutant concentrations were used to estimate how far from ideal each
clarifier was performing at each operating point.
Table 4. Flow-Weighted Average Primary Influent Concentrations at the RWF during the
Stress Test
TSS

nsTSS

Average during
stress test, mg/L

281

85

Average from
composite values
(2012–16), mg/L

295

Composite values
from 6/13/2017,
mg/L

287

BOD

nsBOD

sBOD

COD

nsCOD

sCOD

265

146

86

573

355

197

--

333

--

--

613

--

--

--

280

--

--

593

--

--

Clarifier Performance Comparison
Figure 6 shows TSS removal plotted against SOR, after averaging the A-tanks (smaller clarifiers)
together and the C-tanks together (larger clarifiers). This shows that the performance averaged
among the two sizes of clarifiers are very similar (i.e., A-tanks perform similarly to the C-tanks).
Although on average the A-tanks had similar performance to the C-tanks, tank A-1 did not
perform similarly to tank A-4, and tank C-5 did not perform similarly to tank C-9. For example,
tank A-1 had higher pollutant removal than tank A-4, and tank C-5 had higher pollutant removal
than tank C-9. Figure 7 shows TSS removal plotted against SOR for each clarifier. In
comparison, tanks A-1 and C-5 had similar performance to each other and tanks A-4 and C-9 had
similar performance to each other. Table 5 presents the average pollutant removal for tanks A-1
and C-5 as well as for tanks A-4 and C-9. Tanks A-1 and C-5 performed much better than tanks
A-4 and C-9. Note that Tanks A-1 and C-5 are upstream in the primary inlet channel while Tanks
A-4 and C-9 were at the end of their respective inlet channels. Note that only TSS plots are
shown, but BOD and COD had very similar patterns as TSS.

WEFTEC 2018 Proceedings Copyright ©
2018 Water Environment Federation

142

WEFTEC 2018

80%
Average of A-Tanks
70%

Average of C-Tanks

60%

TSS Removal

50%

40%

30%

20%

10%

0%
0

500

1,000

1,500
SOR (gpd/ft2)

2,000

2,500

3,000

Figure 6. TSS removal plotted against SOR, averaging the two A-tanks together and the
two C-tanks together.
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Figure 7. Plot of TSS removal of the A-tanks (top) and C-tanks (bottom) versus SOR. Note
that A-4 and C-9 (the tanks at the end of the inlet channel) performed worse than A-1 and
C-5 (upstream in the inlet channel).
Table 5 shows a summary of pollutant removal for the A-tanks and C-tanks, showing very
similar performance. Table 6 shows pollutant removal for each individual tank as well as the
average of the end tanks (A-4 and C-9) and the tanks further upstream (A-1 and C-5). This shows
substantially better performance in Tanks A-1 and C-5 than in Tanks A-4 and C-9. Figure 8
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shows TSS removal plotted against SOR after averaging the two end tanks together and the two
non-end tanks together. The end tanks performance had some correlation with SOR, while the
non-end tanks did not. This indicates that the end tanks may have been loaded higher than the
non-end tanks due to uneven flow distribution at the higher flow rates. The cause of this was
attributed to long, straight primary influent channels which convey flow to the clarifiers, and
momentum through this channel may result in higher hydraulic loading rates to the end clarifiers
when compared to the non-end clarifiers. This may have also resulted in higher solids loading
rates to the end clarifiers due to solids momentum which would further exacerbate the uneven
loading conditions.
Figure 9 shows a plot of primary effluent TSS minus the corresponding nsTSS concentration at
varying SOR values. A value of zero indicates ideal performance (i.e. primary effluent TSS
equals nsTSS). The higher the value, the further from ideal that the clarifier is performing. At the
lowest SOR value measured (~1,100 gpd/ft2), all four clarifiers were performing close to ideal.
At higher SOR values, the end tanks were performing much worse than ideal, which shows the
impact that higher SOR values can have on performance. Figure 10 shows average
concentrations for nsTSS, primary effluent TSS, nsBOD, and primary effluent BOD. This further
shows the difference between the two sets of clarifiers and how close to ideal they were
performing.
Table 5. Average Pollutant Removal Comparison among the Two Sizes of Clarifiers
Tanks
TSS Removal
BOD Removal
COD Removal
A-tanks

45%

25%

23%

C-tanks

43%

26%

21%

Average of all four tanks

44%

26%

22%

Table 6. Average Pollutant Removal Comparison between End Clarifiers and Non-End
Clarifiers
Clarifier
TSS Removal
BOD Removal
COD Removal
A-1

56%

32%

28%

A-4

36%

20%

22%

C-5

63%

38%

32%

C-9

25%

17%

12%

A-1/C-5 average
(non-end clarifiers)

57%

32%

28%

A-4/C-9 average
(end clarifiers)

32%

19%

15%
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Figure 8. Average TSS removal for Tanks A-1/C-5 and Tanks A-4/C-9 versus SOR
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Figure 9. Plot showing the difference between effluent TSS and nsTSS versus SOR
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Figure 10. Comparison of primary effluent and measured non-settleable TSS and BOD
concentrations. The orange and grey bars represent the average concentrations from tanks
A-1/C-5 and A-4/C-9, respectively.
Hydraulic Considerations
Prior to testing, RWF operations staff noted that the limiting criterion for the maximum
achievable SOR will be maintaining an acceptable water surface level (WSL) at the bridge
crossing over the primary influent channel that delivers water to the large east tanks (C-5 through
C-9 and D-5 through D-9). RWF operations staff noted that the WSL is typically 6 to 8 inches
below the bridge on a normal day, and that it is not acceptable to allow the WSL to reach the
bottom of the bridge. Figure 11 shows an aerial photo identifying the test clarifiers and bridge
location, as well as a photo of the bridge. Because the three inlet channels that convey water to
the east clarifiers are hydraulically connected, this failure criterion applied to all clarifiers.
Each clarifier has four inlet gates. The larger clarifiers have larger inlet gates than the smaller
clarifiers, and the larger clarifiers have longer effluent weirs than the smaller clarifiers. This
enables a proportional flow split between the clarifiers such that each clarifier should have
approximately the same SOR. It was noted by RWF staff that each clarifier is operated with only
two open inlet gates, per the normal operating procedure. During stress testing, it was determined
that the maximum SOR value that could be processed before the WSL was too close to the
bridge was approximately 2,440 gpd/ft2. It was decided to open all four inlet gates to the online
clarifiers for the second day of stress testing. On the second day of stress testing, RWF operators
found that there were inlet gates that were inoperable and frozen in the closed position. For a
time, some clarifiers were operated with all gates open and some clarifiers were operated with
only two gates open due to having inoperable gates. This resulted in an uneven flow split and
caused more flow to go to the clarifiers with more open inlet gates. The uneven flow split was
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attributed to the number of open inlet gates more so than the location of the clarifier (i.e. end
clarifier versus non-end clarifier). Both Tanks A-1 and A-4 had flooded launders (and four open
inlet gates), showing that whether the clarifier was at the end of the channel or not did not impact
that clarifier from receiving more flow than the end clarifiers. The launders were flooded on the
clarifiers which had more open inlet gates, regardless of position of the clarifier (Figure 12).
During this period, it was noted that the WSL under the bridge was significantly lower than the
day before (Figure 13). This showed that additional hydraulic capacity can be unlocked by fixing
the inlet gates and operating with more than two inlet gates per clarifier.

Figure 11. Aerial photo showing test clarifiers shaded in yellow (left) and photo of the
bridge that limits hydraulic capacity of east primary clarifiers (right)
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Figure 12. Photo showing an example of the submerged launders at Tank D-5 (left) and
Tank A-1 (right)

Figure 13. Photo of the water under the bridge during the uneven flow split. At high SOR
values, having more open inlet gates resulted in a lower WSL in the inlet channel.
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Effectiveness of the Model at the RWF
Wahlberg’s equation was used to generate a pollutant removal algorithm for TSS, BOD, and
COD using historical data. It was also generated using three different subsets of the stress test
data, including averaging the data from all four clarifiers, averaging data from just the two end
tanks (A-4 and C-9), and averaging data from just the two non-end tanks (A-1 and C-5). The
Excel Solver function was used to fit the two fitting parameters to the data while minimizing the
error squared values. The Solver function works by manipulating the non-settleable pollutant
concentration and the λ value to minimize the sum of the error squared (SSE) values. Of the
three pollutants tested, TSS resulted in the best fit of the data.
Only the TSS removal algorithm results are presented here, but BOD and COD algorithms were
also developed. The four algorithms that were developed for comparison are described:
•
•
•
•

Method 1 – developed using the historical dataset from 2012-2016
Method 2 – developed using the average of all stress test data from all four clarifiers
Method 3 – developed using the average of the non-end tanks (Tanks A-1 and C-5)
Method 4 – developed using the average of the end tanks (Tanks A-4 and C-9)

Figure 14 shows a time series plot of the measured primary effluent TSS removal percentages as
well as the predicted TSS removal from each of the four methods described above. Methods 1
and 2 (historical data fit and average of all four clarifiers during stress test data fit) match very
closely. This shows that the field verification worked very well and that the influent conditions
during the stress test were representative of typical operating conditions. Figure 15 shows
predicted TSS removal using each method plotted against SOR at the historical average influent
TSS concentration (300 mg/L). Methods 1 and 2 both align very well with historical
performance.
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Figure 14. Measured TSS removal over a recent data set (2012 to 2016) and TSS removal
predicted by four different developed algorithms
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Figure 15. Predicted TSS removal plotted against SOR at the historical average primary
influent TSS concentration
WEFTEC 2018 Proceedings Copyright ©
2018 Water Environment Federation

151

WEFTEC 2018

Table 7 presents statistics on the primary clarifier performance at the RWF. Table 8 presents the
fitting parameter best fit values and a summary of the sum of error squared values. Merlo et al.
2016 reported that a good fit had an SSE per data point (SSE/n) < 100. All three fits were
substantially less than 100, indicating a good fit with the historical data and is useful for
predicting changes with varying SOR values and influent concentrations.
Table 7. Summary of primary clarifier performance at the RWF.
SOR, gpd/ft2
Parameter
TSS
COD
BOD

n
794
777
747

Avg.
1,111
1,111
1,111

S.D.
106
106
106

C PI, mg/L
Avg.
294
614
334

S.D.
34
90
39

C PE, mg/L
Avg.
117
394
199

S.D.
18
48
24

Pollutant percent
removal, percent
Avg.
S.D.
60
6
35
10
40
7

Table 8. Calculated λ and C non values from historical data for the RWF
C non ,
Avg. C PE ,
Parameter λ gpd/ft2
SSE
SSE/n
mg/L
mg/L
TSS
2,617
98
117
31,148
39
COD
1,428
309
394
47,438
62
BOD
1,384
145
199
32,360
43
DISCUSSION
The analysis at the RWF was based on comprehensive historical data and intensive field testing.
The analysis used at the RWF was used in a whole plant BioWinTM model which had a very
strong calibration (data not shown). Wahlberg’s equation continues to be a useful tool to use for
primary clarifier analyses and can be used along with a reliable dataset to estimate primary
effluent water quality at various conditions. Key applications of this equation are to estimate
future primary effluent water quality at varying influent flows and loads (i.e. changing influent
flow rates and influent concentrations).
Table 9 presents a summary of key parameters summarized from Merlo et al 2016 for the five
facilities that were evaluated alongside the parameters from the more recent study at the RWF.
This data can be used to compare typical pollutant concentrations and primary clarifier removal
rates that were reported. Note that all of these facilities are located in California.
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Table 9. Summary of Primary Clarifier Data for All Plants (Plants 1 through 5 are from
Merlo et al 2016)
Parameter

Plant
1

Plant
3

Plant
4

Plant
5

98
92
92
64

100
72
52
63
412
369
335
40
177
90
157
33

144
122
78
52

57
--63
77

cBOD

BOD

COD

TSS

Avg. C PE , mg/L (historical) 80
C non , mg/L (historical)
59
Avg. C non , mg/L (field)
55*
Avg. E, percent (historical)
58
Avg. C PE , mg/L (historical) 497
C non , mg/L (historical)
267
Avg. C non , mg/L (field)
484*
Avg. E, percent (historical)
26
Avg. C PE , mg/L (historical) 302
C non , mg/L (historical)
121
Avg. C non , mg/L (field)
270*
Avg. E, percent (historical)
20
Avg. C PE , mg/L (historical)
C non , mg/L (historical)
Avg. C non , mg/L (field)
Avg. E, percent (historical)
* median value

Plant
2

155
103
97
42

156
132
--31

RWF

117
98
85
60
394
309
355
35
199
145
146
40

121
100
135
41

CONCLUSIONS
Performing field testing and reviewing historical data can provide insight into primary clarifier
performance and can help with design and operation. Field testing sometimes provides additional
lessons learned that were not part of the initial objectives. In particular, extensive field testing at
the RWF shed light on a hydraulic limitation which could be improved with some rehabilitation
of inlet gates.
The following conclusions can be drawn:
•

Frozen inlet gates at the RWF resulted in a limitation to the maximum SOR that could be
processed by the primary clarifiers. Operating with additional open inlet gates showed
that higher SOR values should be able to be processed through the primary clarifiers.

•

The clarifiers at the end of the primary inlet channels performed significantly worse than
the clarifiers further upstream in the channel. This is attributed to momentum along the
long, straight inlet channel. T

•

TSS removal algorithms developed using the stress test (during low blanket operations)
data results in the same pollutant removal as algorithms developed from historical
operating data with “normal” sludge blanket levels of 18 to 24-inches. Based on special
sampling conducted during the full-scale test in 2011, primary influent and effluent VFA
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data were similar, suggesting that fermentation does not occur within the primary
clarifiers and that SBDs within this range do not impact primary clarifier performance.
•

The equation described by Wahlberg (2006) was successfully applied at the RWF to
develop a TSS removal algorithm which was then used to predict primary effluent water
quality at various future conditions.
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