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I
n the coastal community of Hampton
Roads, Va., sanitary sewer pump stations are
often connected to large manifold force

main systems. These systems can experience
large pressure fluctuations due to the many
pumps connected to the system. The program-
ming logic for variable-frequency drive (VFD)
controllers used to control sanitary sewer
pumps in these areas has historically relied
upon wet well levels to control pump speed set-
tings. This condition can lead to sanitary sewer
pumps operating in an area of the pump curve
with reduced efficiency and increasing opera-
tion and maintenance (O&M) costs. This arti-
cle discusses an improved control logic,
improved efficiency, preferred operating con-
ditions, and reduced O&M costs for sanitary
sewer pumps operating in this condition. In ad-
dition, the results of a recent pilot project will
be discussed.

Background

Hampton Roads is a large metropolitan re-
gion located in southeast Virginia, consisting of
10 cities and six counties, with a combined
population of over 1.6 million. A map showing
the extents of Hampton Roads can be seen in
Figure 1.

The majority of the sewage generated
within this region is treated by Hampton Roads

Sanitation District (HRSD), a political subdivi-
sion of the Commonwealth of Virginia. The
sewage is treated by 13 different wastewater
treatment plants, with a combined treatment
capacity of approximately 249 mil gal per day
(mgd). Since the topography within this region
is relatively flat, HRSD utilizes a large intercep-
tor force main system to convey the sewage to
the treatment plants. Additionally, each local-
ity within this region utilizes a large number of
pump stations in order to convey its sewage to
the HRSD interceptor force main system. For
example, the City of Virginia Beach owns and
operates over 400 sanitary sewer pump stations.
With such a high number of pump stations
within the region, municipalities prefer duplex
station configurations, with pumps sized for
wet weather flow rates in order to minimize
their associated installation costs. Due to the
large number of pump stations pumping into
the HRSD system, large pressure fluctuations
can occur, especially when a station is far from
a treatment plant. 

Designing pump stations to account for
these large pressure fluctuations can be chal-
lenging. Within the Hampton Roads region,
VFD controllers have typically been utilized to
overcome these pressure fluctuations. This is
accomplished by varying the speed of the
pumps based on wet well level set points. If the
wet well level rises, the pump speed subse-

quently speeds up; if the wet well level falls, the
pump speed subsequently slows down. 

The HRSD issues pressure letters for con-
nection points to its interceptor force main
with modeled dry weather and wet weather
pressures to allow municipalities to design their
pumping systems appropriately. A sample of
HRSD’s pressure letter for the case study that
will be discussed is illustrated in Figure 2. The
dry weather pressure fluctuation for this letter
is 34 ft and the difference between the mini-
mum dry weather pressure and the wet weather
pressure is 77 ft. 

In order to minimize O&M costs, it is im-
portant to operate pumps within their preferred
operating region (POR), as defined by the Hy-
draulic Institute standard ANSI/HI 9.6.3. Oper-
ation outside of this region generates
unfavorable pump operation and higher O&M
costs. The POR typically extends from 70 to 120
percent of flow at the best efficiency point (BEP),
but it can be narrower depending on the pump.
The POR is a much narrower region when com-
pared to the pump manufacturer’s allowable op-
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Figure 1. Map of Hampton Roads Region in Southeast Virginia Figure 2. Hampton Roads Sanitation District Pressure Letter
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erating region (AOR). The AOR is also defined
by ANSI/HI 9.6.3 and extends from the manu-
facturer’s minimum safe flow for a pump all the
way to the tail end of the pump curve.

Operating VFDs based on wet well level
set points in areas with large interceptor force
main pressure fluctuations can lead to opera-
tion outside of the POR. This is mainly due to
the fact that the VFDs, in this instance, are
being installed to overcome the system pres-
sure fluctuations, but are being controlled by a
variable that indirectly relates to system pres-
sure. The only condition that causes the pump
speed to increase is when the influent flow rate
is higher than the discharge flow rate, as this
condition will cause the wet well level to rise.
With the pumps sized for wet weather flow
rates, the operating point can move far to the
left on the pump curve before it creates a con-
dition where the wet well level will rise. This
can occur during dry weather conditions, cou-
pled with HRSD dry weather pressure fluctua-
tions. This can generate pump operations far
outside of the POR and sometimes even out-
side the AOR. 

Operating outside of the POR increases ra-
dial thrust on the pump impeller, which in-
creases the forces acting on the pump bearings
and seals, causing them to fail prematurely; ad-
ditionally, pump ragging increases due to an in-
crease in pump recirculation. Pump efficiency
also decreases the further operation that occurs
from the best efficiency point, thereby driving
up electrical consumption costs; additionally,
vibration also increases further as the operation
drifts away from the POR. All of these items
drive up the costs associated with operating and
maintaining pump stations.

However, if a system variable that directly
correlates to system pressure, such as station
discharge flow rate or force main pressure, is
utilized with wet well level, the control logic can
be optimized. This optimization will help min-
imize the O&M costs associated with each
pump station by maintaining operation within
the POR. 

Example Case Study

The City of Suffolk, Va., recently asked
Brown and Caldwell to design a new pump sta-
tion to service the Cedar Hill area of the city. A
pressure letter was issued by HRSD (Figure 2)
for this station’s connection point to its inter-
ceptor force main system. Additionally, this sta-
tion had a metered average daily flow rate of
341 gallons per minute (gpm) and an existing
modeled 10-year wet weather flow rate of 3,860
gpm. Because of the large pressure and flow

Figure 3. Maximum Daily Pressure System Curve and Full-Speed Pump Curve

Figure 4. Minimum Daily Pressure System Curve and Minimum-Speed Pump Curve
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rate fluctuations, Brown and Caldwell recom-
mended two dry weather pumps and two wet
weather pumps. The remaining discussion will
be focused on the sizing and control of the dry
weather pumps.

System curves were developed for the
pumping station and a dry weather pump was se-
lected for the anticipated daily pressure fluctua-

tions. Additionally, the firm pumping capacity
for the dry weather pumps was set at 853 gpm in
order to bridge the gap between dry weather and
the modeled 10-year wet weather event. Figure 3
depicts the dry weather pumps operating at full
speed against the maximum daily pressure sys-
tem curve, and Figure 4 depicts the dry weather
pumps at minimum speed operating against the
minimum daily pressure system curves.

Notice that the intersection of both system
curves occurs within the POR for both the
maximum and minimum HRSD pressure sys-
tem curves; therefore, there is a way to control
the pumps that places their operation within
the POR. The City of Suffolk asked its modeling
consultant to model these pumps utilizing a hy-
draulic model of the HRSD force main system
to simulate the pump operation using the city’s
standard control logic. The model accounts for
the daily fluctuations in both influent flow
rates, as well as HRSD pressures. A graph illus-
trating the results from these model runs is dis-
played in Figures 5 and 6. 

Although the pump selection appears to
be acceptable, as indicated by the operating
points shown in Figures 3 and 4, the control
logic was preventing the pump from operating
as intended. The model results indicated that
the pumps were operating almost 60 percent of
the day outside the pump manufacturer’s AOR
(Figure 5). 

Based on the modeling results, Brown and
Caldwell recommended that the model controls
be modified, such that pump speed would be
adjusted in order to target a discharge flow rate;
the wet well level readings were only used to
start and stop the pumps. The modeling results
based on the modified control logic are illus-
trated in Figure 7.

As shown in Figure 7, the pump operation
improved significantly when a variable directly
related to system pressures was utilized. It is
worthy to note that the points on the far left of
the scatter graphs were taken as the pump was
just starting in the model and are not an indi-
cation of sustained operation in that location. 

As a result of the modeling, the City of
Suffolk requested that Brown and Caldwell test
the logic on an existing city pumping station
prior to its implementation elsewhere in its sys-
tem. Brown and Caldwell worked with the city’s
instrumentation and control engineering con-
sultant to develop and implement the logic.
Since the city does not have any existing dis-
charge flow meters in its system, it requested
that the logic be based off of discharge pressure
readings. 

Pump Control Logic

The implemented control logic utilizes
force main pressure readings prior to pump
start to calculate the pump total dynamic head
(TDH). In order to account for the system
pressure increases due to pump start and op-
eration, two separate TDHs are calculated. The
first one, called “Pump Start TDH,” is utilized
just for the start-up speed selection and incor-

Figure 6. Pump Model Scatter Graph Results (Pressure Versus Discharge Flow)

Figure 7. Modified Model Scatter Graph Results

Figure 5.
Pump Model Results 
(Discharge Versus 
Time of Day)
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porates a constant that accounts for the pres-
sure increase caused by the pump operation.
The “Pump Start TDH” is calculated by the fol-
lowing equation:

Pump Start TDH = (P + FPTP + Z + I) – (WWL

– FWWP)

P = Average of the pressure readings over the last
10 seconds
FPTP = Constant equal to the estimate of the fric-
tion loses between the pump and the pressure
transducer
Z = Vertical distance between the pump volute
and pressure transducer
I = Constant equal to the increase in system pres-
sure due to pump operation/start-up
WWL = Current wet well level
FWWP = Constant equal to the estimate of the fric-
tion loses in the suction piping

The second TDH, called “Pump Run
TDH,” is utilized for speed adjustments after
the pump has already started. These adjust-
ments do not occur until 30 seconds after the
pump has started in order to prevent the con-
trols from reacting to system surge pressures.
The “Pump Run TDH” is calculated by the fol-
lowing equation:

Pump Run TDH = (P + FPTP + Z) – (WWL –
FWWP)

P = Average of the pressure readings over the last
10 seconds
FPTP = Constant equal to the estimate of the fric-
tion loses between the pump and the pressure
transducer
Z = Vertical distance between the pump volute
and pressure transducer
WWL = Current wet well level
FWWP = Constant equal to the estimate of the fric-
tion loses in the suction piping

Figure 8 illustrates the methodology uti-
lized to select the pump speed based on the cal-
culated TDHs. If the calculated TDH is above
“H1” then the pump goes to full speed; if the
calculated TDH is below “H2” then the pump
goes to minimum speed. If the calculated TDH
is between H1 and H2 the speed is interpolated
accordingly. 

Scatter graphs from supervisory control
and data acquisition (SCADA) data show the
pump operation before and after the control
logic modifications were generated to substan-
tiate the benefits of this logic change. These
scatter graphs are shown in Figures 9 and 10,
respectively. 

Figure 8. Discharge Pressure Control Logic

Figure 9. Existing Control Logic Pump Operation

Figure 10. Changed Control Logic Pump Operation
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Figure 10 depicts the improved pump op-
eration that occurs based upon the improved
pump control logic. 

Conclusion

When analyzing the life cycle costs of own-
ing a pump station, it has been determined that
up to 85 percent of the cost can be associated
with station O&M. It is important to focus on
minimizing these costs during the design stage
of these facilities. 

Minimizing these costs requires focus on
three critical elements of station design: the sta-
tions hydraulic configuration (wet well geometry
and piping configuration), pump selection, and
controls. This discussion only focused on the con-
trol optimization for pump stations that experi-
ence large pressure fluctuations downstream. The
benefits from optimizing the controls can be
negated by failing to focus on and optimize the
hydraulic configuration and pump selection. The
effectiveness of this control logic also relies on ob-
taining accurate pressure readings from the sys-
tem. Therefore, the pressure transmitters should
be isolated from the process fluids through the use
of a diaphragm seal or full-body ring seal, and cal-

ibrated and tested on a regular frequency. Using
this modified control logic in areas with large
force main pressure fluctuations, coupled with
proper pump selection and station hydraulic con-
figuration, can help to ensure that pump opera-
tion occurs within the POR and reduce the O&M
costs associated with the following:

S Electrical Usage
S Seal and Bearing Replacements
S Shaft Replacements
S Pump Deragging
S Impeller and Case Wear
S Excessive Vibration SS

Figure 11. Pump Station Life Cycle Costs


