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Wastewater Treatment Evaluation: 
Mahanoy City Sewer Authority (MCSA) owns and operates a sewage treatment plant (STP) in 
Mahanoy Township, adjacent to the municipality of Mahanoy City in Schuylkill County, 
Pennsylvania.  The treatment plant employs two Schreiber process low-load, countercurrent 
extended aeration units having integrated secondary clarifiers.  Design flow and organic loading 
are 1.38 MGD annual average daily flow (AADF) and 2,301 lb/day, respectively.  The receiving 
stream is Little Mahanoy Creek, an AMD- impacted tributary of Mahanoy Creek in the 
Susquehanna River Basin. 
 
The MCSA STP experienced a series of effluent limit violations that brought it to the attention of 
the Pennsylvania Department of Environmental Protection’s (DEP) North East Regional Office.  
The violations were chiefly for disinfection system failures occurring during a facility upgrade 
and renovation, at which time half the treatment capacity was out of service for reconstruction.  
During this time, incomplete nitrification, combined with generally acidic influent waters, caused 
a suppression of chlorine disinfection, resulting in high fecal coliform counts.   
 
MCSA staff contacted DEP’s Technical Assistance program to provide on-site assistance and 
training in biological nutrient removal (BNR).  DEP recommended that MCSA consider 
additional alkalinity in the form of magnesium hydroxide (Mg(OH)2)to its treatment units.  DEP 
also installed temporary instrumentation for optimizing nutrient reduction during the Mg(OH)2 
trials.  Probes were installed in and ahead of the Schreiber units and at the effluent metering 
station, and monitoring began on August 4 and continued until October 14. 
 
DEP analyzed operational data along with routine process monitoring results and provided 
potential options for implementing permanent adjustments to the treatment processes, including 
continued use of alkalinity supplementation, installation of additional process monitoring 
technology, and other recommendations. 
 
Summary of Findings: 
Generally, the facility was operating well during the late summer and early autumn.  Addition of 
hydroxide alkalinity improved the performance of BNR by controlling acid formation and 
reducing the incidence of nitrite formation that had interfered with chlorine disinfection.  
Nitrification and denitrification appeared to be functioning optimally during the WTE. 
 
Operational staff appeared to be motivated and well-versed in maintenance of the facility, but 
the basics of process monitoring, control, and of biological nutrient removal were relatively new 
to them.  Ongoing cross-training is recommended, though, to assure multiplicity of skills and 
team depth.  In particular, staff should become practiced in process monitoring tests required to 
maintain and optimize biological nutrient removal.  Many of these tests were demonstrated 
during the evaluation, and there are ample sources for staff training available in response to 
licensees’ continuing education requirements. 
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Recommendations: 
The following recommendations are suggested for maintaining improved process control for 
nitrogen reduction at this facility: 

1. Continue the alkalinity adjustment through the use of supplemental hydroxide alkalinity 
to the Schreiber treatment units.  Where exclusive use of magnesium hydroxide may 
challenge the operating budget, a combination of alkalinity supplements such as sodium 
hydroxide for bulk control and magnesium hydroxide for polishing may be more cost-
effective.  The facility’s engineer should evaluate this. 

2. Install continuous monitoring probes for Oxidation/Reduction Potential to permit fine-
tuning of the Schreiber oxic/anoxic cycling that is presently controlled exclusively 
through use of dissolved oxygen probes.  Use of ORP probes will allow the operators to 
seek and maintain an optimized period of anoxic mixing, where denitrification occurs, 
without sacrificing the necessary oxidation of ammonium. 

3. To maintain balanced alkalinity addition, installation of continually-monitoring pH probes 
in the Schreiber units is recommended.  The operators should monitor mixed liquor pH 
frequently in order to maintain adequate alkalinity buffering, even using the pH probes to 
control the alkalinity feed system.  Denitrification requires that mixed liquor pH remain 
above 7.0 s.u. and, ideally, at or above 7.5 s.u. 

4. The operators should conduct more robust process monitoring tests, including regular 
analyses for mixed liquor alkalinity, and nitrogen forms such as ammonium, nitrite, and 
nitrate at various points throughout the process.  A summary of recommended process 
monitoring tests and their frequencies is included as Attachment B. 

5. Review of operational data suggested that sludge disposal measurement was deficient, 
including the use of suspect pump rates for sludge transfer to the reed beds, 
subsequently resulting in disparities in sludge accounting.  It is suggested that a more 
robust solids inventory be maintained by monitoring the sludge wasting rates, solids 
concentrations of the digester, and more accurate measurement of pump rates. 

6. Continue to pursue cross-training of facility staff in the operation and maintenance of the 
plant.  This cross training should include not only facilities operation and maintenance, 
but also both laboratory and digitized recordkeeping. 

 
Acknowledgements: 
The WWTAP program thanks the Chief Operator, facility staff, and the Mahanoy City Sewer 
Authority for the opportunity to demonstrate BNR process optimization at the MCSA treatment 
facility.  
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interruptions. Generally, the higher the level of treatment, the more process control testing is 
necessary. For example, denitrification operations require additional process monitoring when 
compared to nitrification operations.  
 
Ideally, centrifuge solids tests are done daily and are backed up with gravimetric solids tests at 
least twice per per week in order to maintain centrifuge calibration (Weight-to-Concentration 
Ratio, or WCR.)   Microscopy, Settleability, and water chemistry should be done on the mixed 
liquor at least twice per week until the operators have reasonable understanding of a 4-season set 
of reference data to which they may refer in future years.  Whenever process or treatment 
methods change, the test data set would need to be reproduced.  Also, whenever the facility 
experiences plant upset conditions more frequent process-monitoring and control testing should 
be performed by the operators, until conditions stabilize. 
 
Process Monitoring testing is often not the same as those performed by contract laboratories in 
that approved test methods are not utilized.  Compliance testing refers to those analyses used by 
certified laboratories for reporting parameters required by the NPDES permit.  Over the years, 
many small treatment facilities began to contract compliance testing to certified environmental 
laboratories.  This eased the burden on operators, and it saved the facility owner the cost of 
maintaining certification of its own laboratory.  However, over time, many facilities ceased to 
perform regular process monitoring tests, as well.  It is important for operators to know the 
condition of their facilities, the sludge solids inventory, and the qualities of the treatment solids 
(i.e., quantity and quality of “bugs”) to effectively optimize operations. 
 
Thus DEP’s WWTAP has adopted the process monitoring tests recommended by US-EPA and 
the professional trade organization, Water Environment Federation (WEF.)  These tests include 
the following: 
 
Solids Inventory: 

 Centrifuge solids test:  percent volume/volume measurement of activated sludge solids for 
activated sludge-type plants:  Calculations stemming from this data include solids 
inventory (expressed as “sludge units” (SLU).) 

 Clarifier blanket level:  a core-sampling of the clarifier contents provides a proportional 
quantity of mixed liquor and supernatant that can be used for developing awareness of 
how much mixed liquor is detained in the effluent clarifier, representing part of the overall 
sludge inventory. 

 Settleometry test:  30- and 60- minute activated sludge settling rates in wide half-gallon or 
1-liter, calibrated vessels:  Settled sludge volume (SSV) is expressed in standard 30-
minute intervals and used to calculate Settled Sludge Concentration (SSC) which is a 
qualitative measure of how well the activated sludge settles in the clarifier, mimicking 
clarifier performance in terms of supernatant quality as well. 

 Oxygen Uptake Rate (a.k.a. Soluble Oxygen Uptake Rate):  By measuring the rate of 
dissolved oxygen depletion in a sample of mixed liquor, one may demonstrate the relative 
effect of BOD loading on the biomass, how quickly this material will be metabolized by the 
activated sludge organisms.  Expressed in “milligrams Oxygen per hour,” when mixed 
liquor volatile suspended solids concentration is known or can be extrapolated, then one 
may determine the actual Respiration Rate, in mg. Oxygen per hour per gram of activated 
sludge.  OUR and RR are also useful for comparing the relative health of the biomass 
under toxic conditions, should there be undesirable contaminants in the raw wastewater, 
or anoxic conditions, should the aeration be insufficient to treat the incoming waste load 
using the available amount of oxygen. 
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 Raw Wastewater and Effluent Chemical Oxygen Demand (COD):  an analog of the 5-day 
Biochemical Oxygen Demand test, COD can be determined in about three hours and give 
operators a quick assessment of relative strength of wastewater and/or the amount of 
material remaining in treated effluent, thereby providing an analog of treatment efficiency. 

 Nutrient Tests:  A portable wastewater laboratory provided during the WTE consists of 
materials for conducting various colorimetric analyses for nutrients such as ammonia-
nitrogen, nitrite, nitrate, Kjeldahl nitrogen, phosphorus, etc. to determine whether the 
facility is removing or treating nutrients. 

 Various other tests included in the portable wastewater laboratory include alkalinity testing 
(the buffering capacity of the mixed liquor or the clarified supernatant,) chlorides, sulfides, 
halogens such as Total Residual Chlorine and Free Chlorine, and metals including 
aluminum and iron, known contaminants to downstream aquatic life. 

 
The objective of all this testing is to develop a unique profile for the facility useful in developing 
operations trends, showing conditions that become predictive of how the facility responds to 
various beneficial or adverse conditions that could affect effluent quality and treatment efficiency.  
Once sufficient data exists, operators should develop a cogent understanding of how the facility 
responds to process adjustments and what they must do to maintain it in good condition. 
 
Typically, operators should determine an overall treatment strategy for their facility, using 
standard industry calculations for: 

 Food to Mass Ratio (F/M) 
 Mean Cell Residence Time (MCRT) 
 Sludge Age or Dynamic Sludge Age 

These values can be determined using the equipment described above.  These calculations 
provide set-points unique to the facility that can be adjusted either through changes in sludge 
wasting rates or aeration capacity, assuming that the concentration of waste in the wastewater is 
a variable that operators cannot control. 
 
During the WTE, DEP staff and the plant operator reviewed the original Schreiber Operations and 
Maintenance Manual for the Mahanoy City facility.  The Manual recommended that F/M serve as 
the basis of overall process management.  Frequent laboratory testing demonstrated that MCRT 
and West Sludge Age could not be reliably used at this facility. 
 
 
 
 




