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Executive Summary: 
 
From December 2016 through January 2017, EPA and DEP conducted a joint evaluation at 
Borough of Topton’s (Borough) wastewater treatment facility located along Toad Creek in 
Longswamp Township, Berks County.  This evaluation was an outgrowth of EPA’s work with the 
Borough to secure competitive electrical energy for this facility.  During the autumn of 2016, the 
facility operators observed an increase in fine solids ashing from the secondary clarifiers, and 
EPA sought use of DEP’s in-line submersible probes for six weeks to monitor various treatment 
parameters in resolving this.  The superintendent also expressed concerns that the facility’s 
NPDES Permit, presently under renewal, may include a new limit on effluent nitrate-nitrogen, 
which has been implemented at other facilities located in the Delaware Bay watershed.  As part 
of the evaluation, efforts were also made to reduce nitrate-nitrogen in the effluent. 
 
Ashing of fine solids is of concern to Topton because the facility has a copper limit of 0.062 
mg/L, and its treatment for copper produces a precipitate that is disposed of with total 
suspended solids (TSS) through sludge wasting.  Fine solids in the effluent may lead to copper 
violations. 
 
On the initial DEP site visit, DEP staff suggested that the SEQUOX two-stage treatment system 
was experiencing carbon starvation in Stage 2, causing the autodigestion of the biomass, 
resulting in problems with flocculation.  Microscopic exam that day demonstrated that the 
microlife in Stage 1 was normal but that of Stage 2 was deficient.  As originally designed, the 
aeration system has constant airflow in Stage 1 and selective, intermittent aeration of Stage 2.1  
DEP staff recommended that some of the raw wastewater be fed to Stage 2 in order to maintain 
its biomass.  Because the system is not easily configured for step feed, plant staff theorized that 
briefly interrupting Stage 1 aeration would allow raw wastewater to “short circuit” across Stage 1 
into Stage 2, supplying more food for maintaining the biomass there.  
 
At the same time, EPA and DEP staff suggested that the use of intermittent aeration might 
reduce the concentration of nitrate-nitrogen in the facility effluent.  Unknown to them at that 
moment, the manufacturer of this secondary treatment process had added similar aeration 
flexibility to its original design.  Such flexibility would benefit the operators should they meet with 
nitrate limits during subsequent permit cycles.  Although the facility is equipped with parallel 
centrifugal blowers of the same capacity, only one has typically been needed in order to run the 
plant.  The blower is incapable of operating at a variable range of output and cannot be 
throttled.  Thus, intermittent operation, in the absence of variable output and control valves on 
Stage 1 aeration, was the only available option at the time for controlling denitrification. 
 
The results of the study suggest that intermittent aeration did improve the biomass quality in 
stage two.  This was likely due to the presence of increased organic loading to this stage.  
Intermittent aeration also produced a 40% reduction of effluent nitrate-nitrogen loading and 
produced a potential energy reduction of 160,000 kWh per year. 
 
 
 
 

                                                 
 
1 The updated design for this type of facility includes automatic air valves for Stage 1 treatment in addition 
to those for Stage 2, allowing the first stage also to be aerated intermittently.  Additional improvements to 
the design allow for DO to be controlled within a range rather than using a set point. 
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Recommendations: 
 

1. Consider adding the flexibility of a step-feed modification to secondary treatment in order 
to distribute influent wastewater throughout the process as an alternative to providing 
expensive supplemental carbon to Stage 2 to enhance denitrification. 

2. Check the solids retention time (SRT) to assure that the facility is being operated within 
its design parameters.  The biomass concentration (MLSS) is controlled through sludge 
wasting from aeration tank, wasting mixed liquor, unlike the wasting of settled solids 
from a clarifier.  Thus, the wasting volume for this facility is calculated by dividing the 
volume of the aeration system by the target SRT, with the answer in gallons of mixed 
liquor, not pounds of volatile suspended solids.  An easy way to track wasted sludge is 
by measuring depth changes at the digester, a known volume of space.  It is not 
necessary to use flow metering or to determine sludge inventory in order to waste solids. 

3. The facility engineer should evaluate energy efficient aeration blower upgrades to control 
excess dissolved oxygen in the secondary process and reduce energy consumption. DO 
sensors in the aeration tanks can be used to control aeration output, although the 
existing centrifugal blowers are not compatible with use of variable-speed motor drives.  
SEQUOX-PLUS is an enhancement of the existing system which allows, among other 
things, for automatic valves on the Stage 1 aerators, permitting this stage to be operated 
in aerobic or anoxic modes.  A more recent enhancement, marketed as “DO2ptimizer,” 
to this design incorporates DO control with aeration blower operation and may eliminate 
some of the design costs necessary to modify the blower system. 

4. If the Borough’s consulting engineer is evaluating a capacity upgrade of this Aero-Mod 
system, consider improvements to maximize biological nitrogen removal.  The 
manufacturer could convert this plant from a two-stage extended aeration (nitrification) 
process to its SEQUOX-PLUS analogue for two-stage biological nitrogen removal 
(BNR). 

 



Borough o
 
 

 
Department 

 

Wastewa
 
The Boro
(STP) to 
facility is 
Aero-Mo
Flow in 2
found in A
 
The Aero
footprint 
precipitat
phospho
C, a tribu
digested 
in “norma
for denitr
built four 
Consolid
 
Accordin
presently
monthly 
within the
inflow/inf
daily flow
capacity 

Mertztow
facility ex
  
In Octobe
learn mo
prelimina
discusse
be biolog

 
Graph 1: Pe
the decade, 
capacity. 

of Topton STP

of Environmenta

ater Treatm

ough of Topt
treat wastew
located in L
d 2-stage ex

2016 average
Attachment 

o-Mod syste
remains visi
tion, two-sta
rus removal

utary of the L
and then ty

al” and “stor
rification the
r reed beds t
ated biosolid

g to the rece
y on the cusp
maximum-to
e next five ye
filtration in its
ws have bee

especially in

wn village in 
xpansion be

er 2016 Top
re about the

ary site visit 
ed concerns 
gical floc com

eak organic load
should additiona

P 

al Protection 

ment Evaluat

ton in Berks 
water from d
Longswamp 
xtended aera
ed 0.26 MG
B. 

m replaced 
ible on the s

age seconda
, and sulfon
Lehigh River
pically land-
m” modes, e
re, and airlift
to provide ad
ds from the 

ent Wasteloa
p of a chron
o-annual ave
ears. It had 
s collection s
n lower.  Th
n light of pro

Longswamp
ing designed

pton’s Facility
e energy out
by EPA and
over fine pa

mbined with 

ing may be exce
al regional develo

tion: 

County own
domestic, co
Township, e
ation activat
D. A schema

a circa 1962
site.  Treatme
ary aeration a
ation prior to
r in the Delaw
applied to a

electronically
ft pumps for 
dditional cap
reed beds a

ad Managem
ic organic ov

erage organi
also experie
system, but 
e consulting

oposed resid

p Township. 
d without the

y operator c
reach EPA a
 DEP staff o
rticles in the
copper prec

eeded later in 
opment require 

 1

ns and opera
mmercial, a

east of the bo
ed sludge tr
atic of the fa

2 contact-sta
ent processe
and clarifica
o being disch
ware River B
gricultural si
y controlled 
return activa

pacity for ma
re disposed

ment Report
verload.  Ba
ic loading, th
enced high h
this is being

g engineer fo
ential develo

 The facility 
eir input. 

ontacted U.S
and PADEP 
on Nov. 10, 2
e facility efflu
cipitate that, 

 

 Graph 2: 
will becom
projection
 

Wa

ates a mode
nd institution
orough line.

reatment pro
acility and pr

abilization tre
es include ro

ation, followe
harged to To
Basin.  Bioso
ites.  The pla
air valves fo
ated sludge 
anagement o
 of as landfi

ts (Chapter 9
ased on the f
he facility wi
hydraulic flow
g corrected, 
or the boroug
opment betw

operators e

S. EPA Reg
has been p

2016, the fac
uent (“fines.”
while not ris

 Daily and month
me more frequen
ns do not indicate

astewater Tre

       

ern sewage t
nal sources.
  The Topto

ocess constr
robe placem

eatment plan
otary fine sc
ed by chlorin
oad Creek in
olids are ae
ant has cont

or Stage 2 ae
(RAS).  In 1

of waste slud
ll. 

94,) the exis
five-year ave
ll approach o
ws in the pas
and recent a
gh has been
ween Topton

expressed co

gion III Outre
romoting.  D
cility’s Supe
”)  These fine
sing to the le

hly flows in exce
t, although the h

e exceedances in

eatment Evalu

Bureau of Clean

treatment pla
.  The treatm
n STP is an
ructed in 200
ent diagram

nt whose 
creening, cop
ne disinfectio
n Watershed
robically 
trols to oper
eration to all
990, Topton

dge disposa

sting facility i
erage of its 
organic capa
st, due to  
annual avera
n investigatin
n Borough a

oncern abou

each Staff to
During a 
rintendent 
es appeared
evel of a tota

ess of 0.30 MGD 
hydraulic 
n the near term.

uation 
 

n Water 

ant 
ment 

02.  
m is 

pper 
on, 
d 2-

rate 
low 
n 
al.  

s 

acity 

age 
ng 
and 

ut 

d to 
al 



Borough of Topton STP  Wastewater Treatment Evaluation 
  
 

 
Department of Environmental Protection  2        Bureau of Clean Water 

 

suspended solids (TSS) excursion, could increase the effluent copper concentration above its 
permit limit of 62 ppb.  He also discussed an interest to remove total nitrogen using his existing 
processes.  A collective decision was reached to deploy DEP’s process monitoring equipment 
(December 7, 2016 through January 31, 2017) and conduct an evaluation. 
 
The Aero-Mod SEQUOX package plant is designed for biological nutrient removal (BNR), where  
Carbonaceous BOD is consumed and nitrification of ammonia and organic nitrogen occurs 
during Stage 1 treatment and denitrification of nitrates to molecular nitrogen gas occurs in Stage 
2. It also has a small anaerobic selector zone for RAS from the secondary clarifiers.  This zone 
promotes the destruction of filamentous organisms.  As operated at Topton, whose NPDES 
Permit does not presently require total nitrogen (TN) removal, this plant has served mostly as an 
extended aeration nitrification plant.  Many BNR plants require supplemental carbon to help 
drive the denitrification reactions. 
  
DEP staff observed that in two-stage treatment systems, a potential exists for biomass in the 
Stage 2 treatment to become starved for carbon, which could cause degradation of biomass 
and ashing of solids.  Usually, enough organic matter adsorbs to the cell surface of bacteria in 
Stage 1 to sustain it through its detention time; however, the baffle effect of the separating wall 
to Stage 2 appears to create two almost distinct biomass populations.  One is well fed; the 
other, not so much. 
 
Discussions of aeration system flexibility ensued, but there were two problems:  first, there were 
no automatic valves at Stage 1 aeration that would allow the air to be shut down without 
depriving all other processes, including air-lift pumps, of compressed air; second, although the 
facility is equipped with parallel centrifugal blowers of the same capacity, only one has typically 
been used in order to run the plant.  Centrifugal blowers do not operate with a variable output 
range the way positive-displacement (PD) blowers do. They cannot be throttled to reduce output 
by closing downstream valves without first providing for pressure relief.2  Given these two 
conditions, EPA and DEP staff suggested that the use of intermittent (“on/off”) aeration in the 
Stage 1 might permit raw wastewater to short-circuit across Stage 1 in order to feed Stage 2, 
although dedicated influent step-feed arrangement would make more CBOD available as a 
long-term solution.   
 
The manufacturer of the SEQUOX process now offers automatic air valves on Stage 1 aeration 
branches. They also offer a form of energy-saving DO control that employs operating ranges 
rather than set-points, based on a DO feedback loop to variable-speed drives for positive-
displacement (PD), rotary-lobe blowers.  Thus, intermittent aeration operation for the whole 
facility, in the absence of these design enhancements, was the only available option at the time 
for getting CBOD into Stage 2 and for controlling denitrification. 
 
By mid-January, timers were added to aeration blower controls for the main blower and for a 
smaller PD blower used to re-aerate disinfected effluent.  The blower run time for the main 
blower was reduced from continuous operation by up to eight hours, reducing energy 
consumption, without adversely affecting effluent quality.  CBOD found its way into Stage 2 
during the “off” periods, and the effluent nitrate load was reduced by almost 40% as a result of 
these changes, showing the benefits of intermittent aeration and of biological nutrient removal.   

                                                 
 
2 The intake valve for a centrifugal blower can be throttled, but only to a point, after which the blower 
enters “surge” mode and its motor overheats.  Were the output valve to be throttled, damage to the 
vanes, up to and including catastrophic failure, would occur. 
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1. Summary of Findings:  

Working with some limitations to inexpensively modify existing equipment, Topton staff were 
able to resolve a problem with autodigestion of its Stage 2 activated sludge biomass and 
concurrently reduce overall nitrate and total nitrogen emissions to their receiving stream: 

1.1. Issue #1 – Fine Solids Ashing in Final Clarifier:  This could possibly cause the 
precipitated copper, from the chemical addition process, to be discharged causing 
effluent violations.   

1.1.1. Using microscopy and SOUR tests, staff observed that the biomass in Stage 2 
had been starved for BOD, relative to that in the Stage 1. The facility may have 
an acceptable overall F/M, but the F/M in Stage 2 appeared deficient. Biomass in 
Stage 1 aeration was consistently more active than in Stage 2, having a diverse 
population of indicator organisms.  The soluble oxygen uptake rate (SOUR) test 
confirmed this, as there was a significant decrease in SOUR at Stage 2.  The 
appearance of ashing in the secondary clarifier was more likely to have been the 
autodigestion of biosolids in Stage 2 with the consequent inability to flocculate 
well in the clarifiers. 

1.1.2. Other potential causes were considered less likely.  These included: 

1.1.2.1. Presence of surfactants or disinfectants in the raw wastewater, possibly 
from the Lutheran Home, an assisted-living care facility:  Staff from the 
home denied the use of any adverse cleaning products, and sample testing 
did not show the presence of surfactants or toxicants. 

1.1.2.2. Rapid settling due to chemical use for copper precipitation:  Although mixed 
liquor samples settled rapidly during Settleometry, the floc appeared to be 
well-formed and without excessive straggler or pin floc. 

1.1.2.3. During December, the plant operator noted that a broken finished water 
valve at the area’s water treatment plant had resulted in an undetected 
discharge of approximately forty thousand gallons of finished water with a 
chlorine residual of approximately 1.5 mg/L.  After repairing valve, the 
turbidity did not appear to decrease.      

1.2. Issue #2 - Energy Conservation:  The facility would benefit from installing controls and 
blower upgrades that would reduce electrical consumption while also providing a path 
to lower nitrate concentrations in the effluent.  Such improvements are known to have 
reasonable return-on-investment. 

1.2.1. Power logging the energy use of the facility’s 100 h.p. main blower showed 
potential savings from using the new aeration regime (or if DO control was 
installed.)  Intermittent aeration maintained DO closer to the target of 1-3 mg/L 
and could save the Borough approximately 160,000 kWh ($15,000) in energy 
annually if permanently implemented.   

1.2.2. Power consumption for the 7.5 h.p. post-disinfection blower was logged to 
determine if there would be a useful payback to installing DO control to this 
blower.  The log showed that intermittent, timed operation would account for 4 
months (120 days) reduction of electrical consumption per year.  The electric 
savings would be about 7,200 kWh or $600 annually. 
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2.2.4. NO3-N effluent load was reduced approximately by 40% (38 lb/day to 23 lb/day) 
during the study.  This was due to intermittent aeration in the absence of anoxic 
mixing, nitrate recycle, and supplemental carbon addition. 

2.2.5. SOUR results of MLSS Stage 1 and Stage 2: 

2.2.5.1. SOUR tests initially indicated very little activity in Stage 2 compared to 
Stage 1   

2.2.5.2. After the new aeration cycling pattern was established on January 9, the 
SOUR tests showed little change in activity in Stage 2. 

2.2.6. All permit limits were consistently met (pH, NH3, cBOD, Cu, TSS, TRC) 

2.3. Analysis of power logging: 

2.3.1. EPA staff connected the Borough with Met-Ed Power’s Energy Efficiency 
Program representative and assisted with compiling data needed by the power 
company to determine eligibility for DO control projects (main and post-
disinfection air blowers). 

2.3.2. Field staff logged the 100 h.p. main centrifugal blower energy use to determine 
the savings by using the new aeration regime or if DO control was installed.  
This aeration cycling helped keep the DO closer to the target of 1-3 mg/L and 
will save the Borough approximately 160,000 kWh ($15,000) in energy annually.   

2.3.3. The 7.5 h.p. post air blower was logged in order to determine potential savings 
from installing DO control on this PD blower.  If the blower was off approximately 
4 months (120 days) out of the year the savings would be about 7200 kWh or 
$600 annually.  

2.3.4. EPA staff introduced the Borough to the COSTAR program to purchase electric 
at a wholesale rate.  The Borough may save approximately $4000 in 2017 
compared to the original $kWh rate.  

  
3. Conclusions 

3.1. Stage 2 MLSS settles better and appears healthier when cBOD is allowed to short 
circuit across Stage 1 into Stage 2 using an intermittent aeration regime.  A permanent 
step feed configuration could be installed to deliver sufficient BOD to Stage 2. 

3.2. The facility is capable of denitrification using intermittent aeration, but this will not 
consistently remove NO3-N to <10 mg/L.  The minimum concentration of nitrate 
recorded during the evaluation was 9.6 mg/L, while the average had been 18.5 mg/L.  
Removing nitrate to <10 mg/L, or to accomplish BNR generally, the Borough may have 
to invest in additional aeration and pumping equipment along with automation and 
controls.  Additionally, the existing process may have capacity issues, and the 
engineer’s upgrade recommendations may suggest alternative secondary treatment 
systems, thus negating the value of improvements to the present one if the return on 
investment period cannot be achieved.   

3.2.1. Facility staff felt that the real-time DO information was extremely useful to have 
when making process control decisions.  The Borough plans on installing similar 
equipment to monitor certain stages of the plant.   

3.2.2. Local industries need to be monitored and educated frequently.   
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3.2.3. Changes in the aeration process and post air process can save the Borough a 
significant amount of money on energy. 

3.3. It is conceivable that this Aero-Mod package plant can be easily and inexpensively 
upgraded from extended aeration to a BNR plant.   

3.3.1. Doing so would probably be a more practical approach to reducing effluent 
nitrate than by using intermittent aeration as described in this report. 

3.3.2. Such an upgrade would easily account for improvements to the aeration blowers 
and incorporate the necessary instrumentation and automation necessary for 
BNR to operate efficiently and effectively. 

3.3.3. This does not address the capacity issues facing the Borough in the near future; 
however, the design of this facility allows for easy replication of the Aero-Mod 
SEQUOX footprint onto adjacent vacant or repurposed land within the facility. 
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ATTACHMENT A:  EVALUATION TEAM 

 
 
 
--for the Borough of Topton STP 
Russel M. Pilgert, Chief Operator 
Borough of Topton 
96 Pumphouse Lane  
Topton, PA 19539 
 
tel. 610-393-9022 
eml. rpilgert@dejazzed.com  
 

 Alex R. Lord, Operator 
Borough of Topton 
96 Pumphouse Lane  
Topton, PA 19539 
 
 
 

--for US  Environmental Protection Agency, Region III Outreach Program 
Walter Higgins 
EPA Region III Water Protection Division 
Office of Infrastructure and Assistance 
(3WP50) 
1650 Arch Street 
Philadelphia, PA  19103-2029 
 
tel. 215-814-5476 
eml.   higgins.walter@epa.gov  
 

 Britney Vazquez 
EPA Region III Water Protection Division 
Office of Infrastructure and Assistance 
(3WP50) 
1650 Arch Street 
Philadelphia, PA  19103-2029 
 
tel. 215-814-5476 
eml.   vazquez.britney@epa.gov  
 

--for PA Dept. of Environmental Protection   
Marc Neville, WPS 
Bureau of Clean Water 
PO Box 8774 
Harrisburg, PA  17105 
 
tel. (717) 772-4019 
eml.  mneville@pa.gov 
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