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Disclaimers: 
The mention or use of a brand of equipment is not an endorsement for any manufacturer or vendor. The Department urges the 
permittee to research available products and select those which are the most applicable for its situation and compatible with existing 
equipment. 
 
The goal of the Department’s Wastewater Optimization Program is to improve receiving water quality through training, trouble-
shooting, and monitoring.  Permittees will be encouraged to achieve effluent quality above and beyond current permit requirements.
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Executive Summary 
Ephrata Borough Wastewater Treatment Facility #1 located in Ephrata Borough, Lancaster 
County, underwent a major upgrade in 2011 to accommodate biological nutrient removal (BNR) 
required for compliance with more-stringent NPDES Permit requirements reducing point-source 
nutrient pollution in the Susquehanna River Basin and the Chesapeake Bay.  Between 2011 
and 2019, the facility operators experienced ongoing problems with sludge settleability and 
filamentous organisms, trying many small fixes to improve sludge volume indices (SVI) and 
curtail dominance of filamentous bacteria such as Microthrix. 

Thomas Brown with the DEP technical assistance program had worked with the facility 
operators to find solutions, and in 2018 he recommended that the operators take advantage of a 
DEP program that employed continuous-monitoring immersion probes to adjust process control 
in an effort to reach favorable outcomes.  Additional DEP staff conducted field operations 
between December 2018 and April 2019, performing instrument-based evaluation of the 
facility’s BNR during the winter months when sludge bulking was more prevalent.  Availability of 
this additional instrumentation allowed the facility operators to audit in real time the effects of 
intentional process modifications that included substitution of Polyaluminum chloride for iron 
salts and addition of a gravimetric selector by inDense to the Return/Waste sludge stream.  
Attachment A lists the principal evaluators for this study. 

Following these improvements to the secondary treatment processes, the facility did not 
experience what had been an annual infestation of filamentous organisms with concurrent 
failures of its BNR effectiveness.  No effluent excursions occurred during the evaluation period. 

Recommendations: 
During site activities, DEP staff observed many desirable operational practices at this facility, 
including 

• responsive operational process monitoring and control;
• effective preventative maintenance of equipment;
• robust laboratory services aimed at permit compliance and process monitoring;
• ongoing efforts to improve biosolids production and management;
• efficient overall supervision of staff and process.

To build on the successes of recent times, DEP suggests the following: 
1. Consider adding nutrient monitoring probes for round-the-clock monitoring of effluent

ammonium and nitrate;
2. Consider adding continuous monitoring probes for MLSS if they can also automate

solids control and balancing between bioreactor and clarifiers;
3. Continue working with Polyaluminum chloride (PAC) and the InDense system to

optimize sludge settleability and reduce instances of sludge bulking;
4. Consider an engineering evaluation to determine if using sub-surface, anoxic mixers

may work as an alternative to oxygen-inducing surface rotors to improve anoxic and
anaerobic treatment in the outer channels of the bioreactor;

5. Continue engineering evaluation of upgrading and replacing obsolete sludge
management equipment and storage facilities.



Ephrata Borough Authority WWTF #1  Wastewater Treatment Evaluation 

PA Dept. of Environmental Protection Page 1 Bureau of Clean Water 

Wastewater Treatment Evaluation: 
The Ephrata Borough Authority owns and operates a wastewater treatment facility originally 
built in 1938 along the south bank Cocalico Creek in the Borough of Ephrata, Lancaster County.  
It is operated under NPDES Permit PA0027405.  This facility was upgraded many times 
beginning in 1968 through 2011 as water quality standards evolved and the community grew.  
Significantly, the facility moved from trickling filters to an activated sludge Orbal oxidation ditch 
system with two secondary clarifiers in 1983 and then improved upon the process throughout 
the subsequent twenty-seven years.  The most recent major upgrades included development of 
biological nutrient removal (BNR) through addition of a fourth channel to the Orbal configuration 
in 2011. 
 
In recent years, the facility operators had experienced recurring incidents of cold-weather 
filamentous organisms that resulted in effluent permit excursions for suspended solids and 
disinfection failures.  Over time, assistance had been provided by DEP staff from its operator 
outreach program, leading to a request in early 2018 to install the monitoring equipment of the 
department’s wastewater technical assistance program (WWTAP) during cold-weather 
operations to allow the facility operators to more closely monitor the treatment process while 
making improvements to deter reinfection of its biomass with filamentous bacteria.  The 
equipment became available during the winter of 2019 and was installed by DEP staff prior to 
the holiday season until early April, covering the period when filamentous bacteria was most 
likely to become a problem. 
 
Facility Description: 
The Ephrata Wastewater Treatment Facility No. 1 is presently a 3.8 MGD activated sludge 
biological nutrient reduction facility based on the Orbal design.  It has an organic capacity of 
10,290 lb./day and serves the boroughs of Akron, Denver, and Ephrata and parts of East 
Cocalico Township, all in Lancaster County, Pennsylvania.  It discharges treated effluent to 
Cocalico Creek in Watershed 7-J and has annual effluent nutrient loading limits for nitrogen and 
phosphorus of 79,049 and 9,881 lb./day, respectively.  Additional NPDES Permit limits are 
displayed in Attachment F.  During the most recent upgrade, the secondary clarifiers were 
equipped with Stamford baffles to control short-circuiting, and the two existing trickling filters 
idled to increase organic loading to the Orbal to provide organic carbon for denitrification.  Also 
included were upgrades to the facility headworks, automation of valves for the primary clarifiers, 
and the addition of a larger gravity thickener for primary 
clarifier sludge.   
 
During the winters following the most recent upgrade, the 
facility operators continued to experience plant upsets 
attributed chiefly to Microthrix parvicella, a filamentous 
organism that favors cold water temperature and the 
presence of animal fats, oils, and grease.  These Gram-
positive bacteria has caused activated sludge bulking and 
subsequent problems with clarifier settleability, leading to 
downstream disinfection problems with resultant fecal 
coliform excursions.  Attachment G discusses M. parvicella 
in more detail. 
 
Between April 2014 and October 2018, the facility’s permit compliance record noted twenty-four 
excursions related to pollutants, two were due to solids losses resulting from hydraulic surges, 
and eleven administrative errors on discharge monitoring reports.  Of interest have been solids, 
nutrient, and disinfection excursions resulting from filamentous bacteria. 

Microthrix parvicella Gram stain 
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In order to gain better control of these winter infections, the facility operations staff has tried 
many approaches, finally succeeding with a combination of process control adjustments, trying 
new flocculants, and installing a series of sludge hydrocyclones that remove lighter-weight 
suspended solids from the return activated and waste sludge coming off the secondary 
clarifiers.  This third improvement seems likely to be the determining factor in improving sludge 
density and settleability at this facility; however, this evaluation made no quantitative 
determinations of changes in activated sludge characteristics.  Rather, the evidence—other than 
improved settleability, lack of filamentous infestation—are qualitative but distinctly different from 
previous years’ performance:  The facility did not experience annual wintertime plant upsets, 
and sludge volume indices are greatly improved. 
 
During the evaluation, the operators reviewed instrument output as provided in the form of 
graphs and adjusted processes accordingly, mostly the balancing of solids inventory between 
the Orbal and the secondary clarifiers. 
 
Theory of Operation: 
The modified Orbal secondary treatment system is designed as a highly automated process 
where biological oxidation of carbon and nutrients occurs simultaneously throughout the 
process.  After the fourth ring was 
added, the existing flow pattern 
was redesigned so that the outer 
two channels, one and two, are 
generally anoxic and anaerobic 
while the inner two rings are oxic.  
The anoxic channel promotes 
denitrification,  and the anaerobic 
channel allows for biological 
phosphorus reduction.  Primary 
effluent, or raw wastewater, may 
enter rings one and two, where 
flow progresses through the inner 
two rings for oxidation and 
nitrification.  Nitrate-rich activated 
sludge is recycled from Channel 2 
to Channel 4, to provide nitrate for 
denitrification.  The carbon source for denitrification is the influent wastewater itself.  Both 
aeration and anoxic mixing are provided by five sets of rotors. 
 
Effluent from the Orbal passes through a distribution valve chamber to two secondary clarifiers.  
As noted, these have baffles to protect against countercurrents.  Return Activated Sludge (RAS) 
from the clarifiers passes through distribution valves back to the Orbal.  Meanwhile, waste 
sludges diverted from the RAS pass through distribution valves en route to gravity thickeners 
and onto anaerobic digestion.   
 
Dissolved oxygen sensors are provided to channels one and two, while oxidation / reduction 
potential (ORP) sensors are in channels three and four.  Dissolved oxygen can be regulated by 
the number of rotors in operation and the number of discs installed on each rotor. 
 
Observations: 
The Ephrata #1 facility had experienced routine sludge bulking problems since its upgrade in 

Schematic of Orbal Oxidation Ditches 
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2011.  Iron salts were used for phosphorus control, and the facility regularly experienced sludge 
settleability problems due to filamentous organisms becoming dominant in the biomass.  The 
most abundant filamentous bacteria were Microthrix parvicella, an organism with an affinity for 
low water temperature and long-chain fatty acid content in the waste stream.  This organism 
flourishes well in the oxic/anoxic transitions of BNR treatment. 
 
Prior to referral to the DEP’s wastewater technical assistance program, DEP inspectors and 
outreach staff reported that the Ephrata facility routinely experienced sludge volume index in the 
high two hundred range and 30-minute settleability between 500 and 1000 ml/cc.  The 
wastewater entering the facility consisted of a mixture of domestic and commercial sewage, with 
some industrial and institutional sources as well.  The treatment facility employs primary 
clarifiers upstream of the BNR bioreactor, and it formerly operated roughing filters (trickling 
filters) which have remained idle for some time in order to provide additional carbon to the BNR 
process to drive denitrification. 
 
DEP staff installed continuous-monitoring immersion probes at three general locations: 

• Primary clarifier effluent (UVAS, or total organic carbon probe) 
• Secondary bioreactor (pH, DO, ORP, TSS, and Nitrate) 
• Chlorine contact tank (Ammonium and Nitrate) 

Because of the distances between probe sets and on-site traffic, it was not possible to lay cable 
connecting all three locations, so two of the locations were monitored by downloading data 
during site visits, although current-time data was always available on the digital readout, which 
proved useful to the facility operators.  Bioreactor probes were connected to a data server 
located in one of the chemical storage buildings, and a computer was set up there for graphical 
output.  Attachment B displays the probe locations, while Attachment D has photographs of the 
equipment placement. 
 
After installation, DEP staff visited the site once or twice per week to check, clean, and, if 
necessary, calibrate or adjust the probes.  Data from the probes located in the Orbal was 
automatically uploaded to the program’s FTP site for processing.  In the event of data deviating 
from the routine observed operational trends, DEP staff checked in with the facility operator to 
alert him to the anomalies or to get an explanation of process changes.  Graphs of the probe 
data are presented in Attachment C. 
 
The Ephrata facility did not experience a filamentous organism event this past winter, and 
biological nitrogen reduction appeared to be reasonable.  Other aspects of the operation, such 
as phosphorus removal, waste solids management, preliminary and biosolids treatment were 
unaddressed, because the facility had already resolved any issues relating to process control. 
 
Over the course of the evaluation, four separate factors came into play, each of which may have 
had a role in limiting the dominance of filamentous organisms and effluent quality problems: 

• Nitrifier addition to the activated sludge 
• Monitoring using additional in-line probes:  Suspended solids, ammonium, and nitrate 
• Addition of Polyaluminum Chloride instead of iron salts 
• Addition of a hydrocyclone device to the clarifier RAS circuit to remove light solids. 

 
Following the evaluation, it was the opinion of both the plant operators and DEP staff that 
installation and use of the hydrocyclone device had been the main factor in preventing 
recurrence of filamentous organisms that winter. 
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These factors are discussed following: 
1) In December, while installing monitoring equipment, DEP staff discussed nitrification loss 

with the operator and recommended that, based on the work by Michael Girardi, a 
nitrifier “tea” be used to reintroduce nitrifying bacteria back into the mixed liquor.  This 
method requires taking top soil from the upmost two inches of ground, just below the 
roots of ground cover, and steep it in food-grade drums with unchlorinated effluent 
water.  The drum is filled about 1/3 with soil; the remainder water and left to steep 
overnight.  Nitrifying bacteria, which are naturally found in top soil, emerge from 
dormancy and migrate to the water layer, becoming activated and available to enhance 
nitrification when the drums are decanted into the aeration tanks.  Facility staff obtained 
soil from a construction site elsewhere in the Borough and stored it in the sludge bunker 
for use in this manner.  Whether or not this method proved effective was not determined; 
however, in combination with other practices that winter, the facility did maintain 
nitrification in a generally warm winter, and no filamentous organisms asserted 
dominance in the biomass. 

 
2) The Solitax probe, calibrated for total suspended solids, was installed in Channel 2 to 

monitor mixed liquor suspended solids concentration.  The operator reported that he 
checked these “real time” concentration data against laboratory process monitoring 
results and used the probe output for a quick read on solids distribution between the 
bioreactor and the clarifiers, achieving effective balance of solids.  Use of this probe, 
which requires regular checks against laboratory bench test results, can provide insight 
into solids distribution and, with established setpoints, control automated valves that 
regulate return sludge rates. 

 
The ammonium and nitrate probes were reported by the operators to be a great help in 
monitoring these two nutrient values.  The effluent monitoring probes were placed in one 
of the chlorine contact tanks as a matter of convenience, and an additional nitrate probe 
was installed on Channel 1 of the bioreactor to see if there were variations that might 
indicate losses of denitrification.  No such losses were noted, and the two nitrate probes 
correlated with one another very well.  The graph of nitrate concentration in April showed 
an increase in nitrate concentration that may have been the result of rotor maintenance.  
Overall, the operators suggested that acquiring similar monitoring capability, for 
ammonium and nitrate concentrations, would be prioritized as a process monitoring 
improvement.  DEP staff have suggested as much, in that any facility treating for 
biological nutrient removal should have monitoring capabilities such as this.  Attachment 
E is a requested estimate of probe costs to be considered in monitoring upgrades. 

 
3) In August 2018, the facility operators had begun using polyaluminum chloride (PAC) in 

place of iron salts as a coagulant and phosphorus control.  The dosage was about fifty 
pounds of PAC per day.  This improved sludge settleability and resulted in lower sludge 
volume index, generally in the 140-to-160 mL/gm. range, but the results remained 
variable, and Microthrix was still a problem during the winter of 2018 and 2019. 
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4) During late 2018 and concurrent with DEP’s evaluation, installation of the InDense in-line 
solids hydrocyclone was shown to be the most effective 
hedge against sludge bulking and settleability problems due 
to recurrent filamentous organisms affecting sludge quality.  
During the latter part of the monitoring period, the InDense 
device was installed and commissioned.  This equipment 
removes lighter density suspended solids from the return-
activated sludge and wastes it from the system as a 
component of waste sludge.  Certain filamentous bacteria, 
which are less dense than the usual bacteria used to treat 
wastewater (bacillus, pseudomonas, et al.,) are removed 
from the process and destroyed in anaerobic digestion.  
Dead or inert filamentous bacteria similarly are removed, allowing  for a denser, more 
compact MLSS in the secondary treatment units.  By continuously removing such 
bacteria, the InDense unit prevented such filamentous bacteria from being able to 
dominate the biomass. 

 
The chart below, from a post-installation case study, shows the improvement in biomass 
density as a result of this. 

 

The chart shows, at the left, a period of high SVI, poor settleability.  After the start of PAC 
addition in August 2018, settleability and SVI improved, but there were often excursions and 
unpredictability.  Following commissioning of the InDense in January 2019, SVI dropped to 100 
ml/gm. and settleability became more consistent and reliably below 500 ml/cc. 
 
Other Operations: 
During the evaluation period, the operators discussed ongoing efforts to improve the biosolids 
production facilities.  The existing equipment is nearing the end of its useful life, and the storage 
facilities are obsolete.  Recently, the Borough was in conversation with a private company to 
install a solids treatment system that would mix biosolids with manure from farms and large 
animal operations, however this work was not in the development stage.  The operators stated 
that ample space exists for installing modernized sludge management facilities, using the 
existing footprints of sludge processing and storage as well as the deprecated trickling filters. 
 
The operators noted that a new chicken processing industry was being connected to Ephrata’s 
collection system and expressed some concern about food processing wastes such as blood 
and feathers, as well as additional fats and greases.  The processor plans to separate blood 
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waste and other organic material to on-site storage and send it to a rendering facility, generating 
only cleaning wash-water to the collection system.  DEP staff recommended that the operators 
tour the facility to understand its waste processing system, and that they could discuss similar 
matters with other operators at chicken processing facilities in Fredericksburg, Lebanon County, 
or in Mifflintown, Juniata County.  Ephrata’s headworks and primary clarifiers should be 
adequate for removing fugitive waste such as feathers and some of the FOG. 
 
Laboratory staff reductions were being considered, as well.  The thinking is that, with increased 
automation and additions of continuous monitoring devices, less laboratory testing may reduce 
operating expenses.  Many wastewater treatment facilities outsource their permit compliance 
testing to commercial environmental laboratories.  A caveat to be considered is that process 
monitoring continues to be an important function of process control.  By analyzing test data 
variation over time, it should be possible to reduce the frequency of some monitoring; however, 
process monitoring remains an important hedge against plant upsets and non-compliances.  
Laboratory staff should continue to monitor 

a. hauled-in wastes 
b. activated sludge treatment for BNR 
c. anaerobic digestion and sludge management. 
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ATTACHMENT B:  EQUIPMENT PLACEMENT SCHEMATIC 

 
 

 
 

This aerial view of the facility shows placement of the WTE equipment.  A flow schematic is not 
provided but may be found in the engineering documents for the facility. 
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ATTACHMENT C:  EXAMPLE DATA GRAPHS 
 

 
UVAS probe in Primary Clarifier Effluent, reading relative TOC or BOD concentration.  The peak values 
occur during unloading of bulk tankers into the influent channel.  
 

 
Dissolved oxygen in Channels 3 and 4 in black and brown, respectively.  DO values over 4 mg/L are 
considered wasted energy, but the rotor aerators do not allow for fine tuning DO to demand.  Aeration 
may be adjusted by addition or removal of disk plates on the rotors. 
 



Ephrata Borough Authority WWTF #1  Wastewater Treatment Evaluation 

PA Dept. of Environmental Protection Page C-2 Bureau of Clean Water 

 
ORP values in Channels 1 and 2:  Values are well within the denitrification and bio-P removal zones.  A 
late-March rotor failure led to a brief period of anaerobic conditions but without consequence. 
 

 
Mixed liquor pH, Channel 4, pH probe was replaced with a new unit after Jan. 8:  pH very stable shows 
good alkalinity in this channel where nitrification is occurring. 
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MLSS concentration in Channel 2 was used by the operator to more effectively balance solids between 
the bioreactor and the clarifiers. 

 
Two Nitrate probes were used, one monitoring the effluent at the chlorine contact tank, and the other 
place in Channel 2 of the bioreactor.  The probe output shown here shows slight discrepancy in 
readings that may be due to interferences in the chlorine contact tank.  Ideally, the effluent probe 
should be placed prior to chlorination. 
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Ammonium concentration in effluent:  The large peak in late January shows loss of nitrification while 
one of the main rotors was down. 
 

 
This graph of the potassium ion reference data for the ammonium probe, with accompanying trend line, 
is used to demonstrate the drift that occurs as the probe head deteriorates over time.  AISE probes 
have to be replaced every six months.  Dips in data points represent probe recalibrations to bench test 
data.   
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This diagram shows SRT and temperature variance over sixteen months from November 2017 through 
February 2019.   
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ATTACHMENT D:  RECORD PHOTOGRAPHS 
 

Orbal with 4 Channels and 5 rotors 

 

Orbal at left and two Clarifiers center right 

Ammonium and Nitrate Probe installation 

 

Chlorine contact tank 

View of probe installations on Orbal 

 

Data controller mounted on railing 

Probes were cleaned once per week 

 

Effluent discharge structure 
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Screenshot of bioreactor 

 

Screenshot of SCADA settings 
   

 
DEP Inspection visit in March included tour of 
the probe installation 

 

Sampler station at Primary Clarifier effluent 
   
   
   

UVAS probe in primary clarifier effluent channel 

 

Controller readout for UVAS concentration 
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Indense Unit:  Control Panel on far left; hydrocyclone unit on far right: 
   

Rotor coupling failure in March 

 

Rotor coupling had to be cut for removal 

Rotor drive bearing, grease oil on pad 

 

Post-construction settling caused conduit 
separation at junction box. 
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ATTACHMENT E:  COST ESTIMATES FOR MONITORING PROBES 
 
The following table summarizes projected initial and ongoing costs that should be budgeted as 
part of the facility’s maintenance budget. 
 
Nutrient Probes1: 
BNR treatment facilities generally require a higher standard of process monitoring, including 
monitoring of ammonium and nitrate nitrogen in addition to process alkalinity and nitrite-nitrate, 
nitrite nitrogen, total Kjeldahl (organic nitrogen + ammonium,) and orthophosphate.  While 
considered “luxury” items in smaller treatment facilities, pricing information for ammonium and 
nitrate probes are here provided for possible consideration in budget planning: 

Cost of probes to automate monitoring of ammonium and nitrate, exclusive of a probe 
controller (the facility may choose between controllers listed below): 
 

                 1 Ammonium + Nitrate ISE Probe, # LXV440.99.00002  $10,205 
     1 Rail Mount Kit, # 6184900                   471 
     1 Air-blast Cleaning Harness, # LZY706                  313 
     1 Air-blast 120vac Compressor, # 6860000           2,079 
     2 Probe heads per year, # LZY694            2,134 
     1 Nitrate Standard solution for calibration, # 194749                    52 

    Total these items: $15,254 
     -or- 
     1 Ammonium ISE Probe, # LXV440.99.10012     $ 7,787 
     1 Rail Mount Kit, # 6184900                    471 
     1 Air-blast Cleaning Harness, # LZY706                   313 
     1 Air-blast 120vac Compressor, # 6860000            2,079 
     2 Probe heads per year, # LZY694                   2,134 
     1 Nitratax Plus SC Probe, 2mm, # LXV417.99.10002    18,414 
     1 Wall-mount Kit, #: LZY714.99.52220                   565 
     1 Replacement wipers for Nitratax, # LZX012                  317 
     1 Nitrate Standard solution for calibration                       52 

    Total these items:      $ 32,132 
 

1. Like all immersion probes, these probes require regularly scheduled maintenance, and 
the ISE probe requires replacement of the sensor head every six months.  Parts and 
bench calibration should be budgeted as recurring costs. 

2 AN-ISE or AISE probe heads  $ 2,056 w/o annual svc. 
AN-ISE or AISE annual bench service 
    includes 2 new probe heads per year  $ 3,050 w/ annual svc. 
 
Nitratax Plus SC annual bench service $    870 
 

2. Like all immersion probes, these probes require regularly scheduled maintenance, and 
the ISE probe requires replacement of the sensor head every six months.  Parts and 
bench calibration should be budgeted as recurring costs. 

AN-ISE annual bench service, includes  
2 new probe heads per year    $ 3,309 
AN-ISE annual bench service  only:   $    720 
Nitratax sc Bench Service:    $ 1,026 

 
1 Phosphorus monitoring equipment costs are impractical and not considered. 
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3. These probes are usually installed post-secondary treatment, usually in the effluent 

stream or following secondary clarifiers. 
 

4. A separate probe controller might be an added cost: either controller 
discussed above would require a relay module for the air compressor; 
however, AN-ISE could be wired to an 8-input Controller. 

 
Suspended Solids Probe: 
DEP employed a suspended solids probe in the aeration tank to monitor the concentration of 
mixed liquor suspended solids (MLSS.)    Use of this probe allows the operators to quickly 
determine and monitor the balance of solids between the biological reactors and the secondary 
clarifiers.  While laboratory process monitoring tests are adequate for this facility, the solids 
probe has been eminently useful for reducing laboratory time, provided it is regularly calibrated 
with laboratory test results.  The pricing is provided here for planning purposes. 
   Solitax sc Probe    $4,539 

Rail Mount Kit          537 
Annual bench service          510 
    Total these items:      $5,586 
 

Controller Prices: 
1. The cost for an SC1000 controller base with full capability is $2,586 but it also requires a 

universal display module for another $2,520.  Total cost for SC1000 with six to eight 
probe connections would be:   $5,106. 

2. The SC200 controller with two probe connections price new is $1,965.   
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ATTACHMENT F:  NPDES PERMIT LIMITS 
 
PA0027405, Sewage, SIC Code 4952, Ephrata Borough Authority, 124 S. State Street, Ephrata, 
PA 17522-2411.  Facility Name:  Ephrata WWTP #1.  This existing facility is located in Ephrata 
Borough, Lancaster County. 
 
Description of Existing Activity:  The application is for a renewal of an NPDES permit for an 
existing discharge of treated Sewage. 
 
The receiving stream, Cocalico Creek, is located in State Water Plan watershed 7-J and is 
classified for Warm Water Fishes, aquatic life, water supply and recreation.  The discharge is not 
expected to affect public water supplies. 
 
The proposed effluent limits for Outfall 001 are based on a design flow of 3.8 MGD. 

 
 Mass (lb./day) Concentration (mg/L) 

Parameters 
Average 
Monthly 

Daily 
Maximum Minimum 

Average 
Monthly 

Weekly 
Average 

Instant. 
Maximum 

Flow (MGD) Report Report XXX XXX XXX XXX 
pH (S.U.) XXX XXX 6.0 XXX XXX 9.0 
Dissolved Oxygen XXX XXX 5.0 XXX XXX XXX 
Total Residual Chlorine XXX XXX XXX 0.29 XXX 0.96 

I5 666 
998 

Weekly Avg XXX 21 31.5 42 
BOD5 
Raw Sewage Influent Report Report XXX Report XXX XXX 
Total Suspended Solids 
Raw Sewage Influent Report Report XXX Report XXX XXX 

Total Suspended Solids 951 
1,426 

Weekly Avg XXX 30 45 60 
Fecal Coliform (CFU/100 ml) 
May 1 – Sep 30 XXX XXX XXX 

200 
Geo Mean XXX 1,000 

Fecal Coliform (CFU/100 ml) 
Oct 1 – Apr 30 XXX XXX XXX 

2000 
Geo Mean XXX 10,000 

Ammonia-Nitrogen 
May 1 – Oct 31 63 XXX XXX 2.0 XXX 4.0 
Ammonia-Nitrogen 
Nov 1 – Apr 30 190 XXX XXX 6.0 XXX 12 
Total Phosphorus 63 XXX XXX 2.0 XXX 4.0 

 
The monitoring requirements and, where appropriate, effluent limits for implementation of the 
Chesapeake Bay Tributary Strategy are as follows for Outfall 001. 

 
 Mass (lb.) Concentration (mg/L) 

Parameters Monthly Annual Minimum Monthly Average Maximum 
Ammonia---N Report Report XXX Report XXX 
Kjeldahl---N Report XXX XXX Report XXX 
Nitrate-Nitrite as N Report XXX XXX Report XXX 
Total Nitrogen Report Report XXX Report XXX 
Total Phosphorus Report Report XXX Report XXX 
Net Total Nitrogen Report 79,049 XXX XXX XXX 
Net Total Phosphorus Report 9,881 XXX XXX XXX 
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ATTACHMENT G:  Microthrix parvicella in Wastewater Treatment 

 
What is Microthrix Parvicella? 
 

• Gram positive, un-branched filament 
• Neisser positive (poly-P granules). These granules become smaller if the growth 

stagnates. 
• immobile; 
• bent/twisted filaments, free in the water or in/around the flocs; 
• filament length often < 200 µm; 
• cell diameter ca. 0.5 µm; 
• usually no attached growth; 
• no sheath; 
• septa not clearly visible; 
• no sulphur storage; 
• Surveys in many countries show MP dominates bulking sludges and foams 
• Favored by: 

 Long SRTs (BNR Plants) 
 Alternating aerated/ non-aerated zones (BNR plants) 
 Foam trapping environments 
 Low T (Winter/Spring) 
 Long Chain Fatty Acids (LCFA) food source (FOG) 

 
 
 

 

 

 

Gram Stain – x1000  Microthrix parvicella foam 
 
M. parvicella resembles Nostacoida limicola I. However, this latter organism forms more robust 
filaments and stains grey-violet with Neisser staining. 
 
Occurrence in activated sludge 
M. parvicella commonly occurs in low loaded domestic treatment plants.  This filamentous 
bacterium is the most important cause of bulking sludge in many countries and is also frequently 
responsible for scum formation.  Transport of surplus sludge containing many M. parvicella 
filaments to the sludge digestion tank can also cause scum to arise in this tank.  The population 
size of M. parvicella shows a marked seasonal pattern:  the population is at its maximum at the 
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end of the winter and at its minimum in summer. 
 
The following process conditions are favorable to the growth of M. parvicella: 

• Sludge loading level < ca. 0.2 kg BOD/kg MLSS – day; 
• Waste water containing a substantial amount of higher fatty acids, such as oleic acid. 

This is always the case with normal domestic waste water; 
• Circumstances in which the fats/lipids present in the influent are hydrolyzed before they 

reach the aeration tank.  This releases the higher fatty acids.  Consequently, a long 
hydraulic retention time in the sewer, the primary sedimentation tank, or in the anaerobic 
zone with Bio-P processes is favorable to M. parvicella; 

• Low oxygen level in the aeration tank; 
• Large (> 40% of the total volume) anoxic zone in the aeration tank; 
• Water temperature of < c. 50°F.   M. parvicella grows principally in the late autumn and 

winter; 
• Supply of reduced sulfur and nitrogen compounds is also a possible cause.  On account 

of this, recycling of water from the sludge dewatering unit is ‘suspect’.  This combination 
means that the process conditions in plants for nutrient removal are extremely favorable 
to the growth of M. parvicella.  It hardly ever occurs in industrial treatment plants. 

• BNR conditions favor growth of M. parvicella, particularly when nitrification is incomplete. 
 
Why Microthrix parvicella is such a problem: 

• Foaming causes aesthetic and sampling problems 
• Foam leads to high TSS = increased filter 

backwashing 
• Carryover to effluent  
• Breeding ground for more filaments 
• Digester foaming and upsets 
• Poor Settling Characteristics 
• Formation of high sludge blankets 
• High effluent TSS 
• Loss of Clarifier capacity 
• Requires low SRT to wash out or chemicals to kill 
• Nitrification can be inhibited 
• Disinfection process can be inhibited 

 
 
Control of Microthrix 
Various control measures exist for controlling Microthrix parvicella: 

• Eliminate FOG/food sources 
o Addresses cause of filament growth 
o Difficult to accomplish 

• Lower SRT, wash out filaments 
o Simple, addresses cause 
o Washes out filaments 
o Loss of nitrification, more WAS 

• Surface spraying of foam (polymer, hypo) 
o Difficult to do if covered tanks, maintenance 
o Treats symptom, not cause 

• RAS injection of chemical (Cl2) 

       Bulking sludge overflowing clarifier 
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o Loss of nitrification, increased eff TSS 
• Digester modifications (water sprays, submerged fixed cover) 

o Treats symptom, not cause 
o Expensive capital costs 

• Polyaluminum Chloride addition 
o Specific to Microthrix, treats cause 

• Surface wasting of ML (Classifying Selector) and/or foam 
o Eliminates Microthrix at source 

 
 
Control strategies 

1. Dosing with aluminum salts (3.5 g Al/kg MLSS. day).  Up to now, this is the only 
method that has a “guaranteed” effect and which hardly ever negatively influences 
the desired treatment results.  However, a reduction in the average floc size must be 
considered. 

2. Strong reduction of the retention time in anoxic zones in the plant. This action is 
often not possible, depending upon the need for extended denitrification. 

3. This is also valid for a major reduction of the sludge age (loss of nitrification). 
4. A mixing phase (a few minutes) of raw waste water and returned sludge – before 

they reach the aeration tank – followed by alternated anoxic and aerobic process 
conditions (Bio-Denitro).  This method is effective for controlling M. parvicella, but 
stimulates the development of Type 0041, which does not grow quite so massively 
and does not contribute to scum arising, however. 

5. Experience with various types of selectors for controlling M. parvicella have not been 
consistent up to the present.   A non-aerated selector has been introduced between 
the anaerobic zone (Bio-P) and the anoxic tank in some treatment.  Experiences with 
this configuration have been positive. 

 
 
The PAX Solution 
M. parvicella sensitivity to PAX-14 (no other PAX forms found effective) 

• pre-polymerized aluminum hydroxide 
• Used extensively in Europe for control of M. parvicella 
• PAX diminishes M. parvicella ability to use lipids 
• Effectively “starves” M. parvicella 

Downside 
• Process is chemically dependent 
• Continuous  expenditures:  at c. $3.50 per gallon, 2.6 MGD, PAX dose is 65 to 85 gpd, 

initially, and then 11 to 13 gpd for maintenance, or $230-$300 per day, initially, and then 
about $40 to $45 per day for maintenance 

 
 
Other Methods:  Surface Foam Wasting 
When foam concentrates at surface, MP retained longer than average biomass 

• Foam trapping aggravates problem and must be minimized for effective control 
• Surface foam removal removes foaming filaments first rather than last, eliminating 

nuisance foams 
• May require constant foam wasting or a classifying selector with baffles 

o Downsides to classifying selectors: 
 Continuous surface wasting = thin WAS 
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 Thickening prior to digestion is very important 
 Results of non-continuous wasting 

• Remove foam when it becomes a problem 
• Can still lead to bulking and may require secondary bulking control 

method like PAX addition 
• Could lead to Digester foaming 

 
Solution:  The InDense RAS/WAS Hydrocyclone 
 

• Applied to Return Sludge stream, the device uses hydrocyclones to classify dense mixed 
liquor suspended solids from less dense material that usually includes living filamentous 
bacteria or their degraded remains, either of which interfere with sludge settleability and 
cause high sludge volume index. 

o Lighter solids are removed to a waste stream and disposed through anaerobic 
digestion. 

o Eliminates the need for chemical addition for enhanced settleability 
o Removes need for toxic filamentous control substances such as chlorine or 

peroxides. 
• Capital expense is low, and ongoing energy and maintenance costs are more 

reasonable than continued chemical expenses. 
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