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OVERVIEW OF A TYPICAL SUBMERSIBLE LIFT STATION
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BASIC PUMP SELECTION
THE SYSTEM CURVE

The most important part of any pump selection is first determining the system curve. This means,
at the very least,the flowrate and head that will be required of the pump must be identified.
Often this is the first mistake made in the selection process.

In many potable water booster stations, the flowrate is determined by a downstream demand. In a
typical application, the purpose of the lift station is to simply move water from one location to
another. Therefore, the flow is typically governed by the inflow to the station, and not an outflow
demand. Once the flow rate into the station is found, the amount of head required by the pump can
be determined by calculating the system losses in the piping network.

The friction losses will lead to poorly sized equipment that will have a poor efficiency and
reliability.

Calculation of the system losses at several different flow rates will yield a system curve. System
curves represent a loss of energy in systems with a variation in the flow rate.

Or, stated differently, the amount of energy the pump must generate to operate at a given flowrate.
System losses come in two forms that are outlined below



BASIC PUMP SELECTION STATIC LOSSES

The static head (m) is the difference between the discharge
elevation of the force main and the water level of the wet well-

The static head is not a fixed value, but rather a floating.~ ﬂ:lg
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The system curve itself can fluctuate. Therefore, the system curve is not a
single point set — It is a range of curves. This will become more apparent
when developing a system curve is discussed later in this manual



FRICTION LOSSES
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HAZEN WILLIAM EQUATION

v = 0.849cRY6359->4

| Hazen Williams Coefficient, C

v = velocity m/sec Pipe Material Design C
C = Hazen Williams friction coefficient PVC 150
—_ : : Asbestos Cement 140
S = head loss m Concrete 100
Cast Iron 100
Copper or Brass 130
Vitrified Clay 100

Corrugated Steel 60




Hazen Williams formula
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v = DB4I-R535052

V= VEIOCity (m/gec)
R= hydraulic radius (m)

2
R = f _ Cross sectional area _ nD /4 _ 2
P Wetted perimeter D 4

S= hydraulic gradient C= Coefficient depended on the type of pipe
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MINOR LOSSES
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Entrance Bellmouth 0.005 Ball 0.04
Rounded 035 Check Valves Ball 23-
Sharp-Edged | 0.5 Rubber flapper (v< [ 2.0
Projecting 0.8 ft/s)
Exits 1.0 Rubber flapper (v > 1.1
90° Bend 0.25 ft/s)
45° Bend 0.18 Swing 0.6-
Tee, line flow 0.30 - 2.2
Tee, branch flow 0.75 Gate Double Disc 8;_
Cross, line flow 0.50 Resilient seat 0:3
Cross, branch flow 0.75 Knife Metal seat 0.2
Wye, 45° 0.50 Gate Resilient seat 0.3
. [v)
K Values for Pumping Statioﬁciﬁﬂérgign Recianeuler (80| 10
Full bore opening 0.5
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hy, = Minor headloss (ft)

K = K coefficient {unitless)

Flow (cf /s)

Cross sectional area of pipe (sf)

v = velocity of fluid in pipe (ftfs) =

5 = gravity =32.2 ft /s



TOTAL DYNAMIC HEAD
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TDH = AH + hf + hy,
Equation 4

TDH = Total Dynamic Head (fE)

AH = Static head = elev, — elevwy (ft)
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HOW PUMPS WORK

POWER ENTRY
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THE CASING

P+231 W* P231 B
p—4 7, = $=—4+ 1,
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Equation &

P = Pressure (psi]
sg = Specific gravity (unitless)
V = Velocity of the fluid (ft/s)

G = Acceleration due to gravity (32.16 ft/sec’
Z = Elevation of the centerline of the liquid path
Subscripts:

1 = Upstream condition
2 = Downstream condition
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only the change in pressure and velocity is left to be
considered. In order for the two sides of the equation
to balance, decrease in velocity from point 1 to point
2 must have a corresponding increase in pressure
from point 1 to point 2. Bernoulli’s Equation is a
simplified representation of this process. Technically,
it only applies to flows along a streamline and
neglects friction, but it is sufficient to understand the
basic principle.



THE INLET
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IMPELLER TYPES

SEMI-OPEN IMPELLERS CLOSED IMPELLERS OPEN IMPELLERS

more efficient than fully open The disadvantage of closed impellers is

impeller designs that any debris entering the vanes less expensive
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As the impeller diameter decreases in size, the performance is reduced. This allows the pump
performance to be modified to meet specific application requirements.

Additionally, a reduction in diameter reduces the pump power requirement.

A reduction of only 10% in the impeller diameter can result in a 27% reduction in power requirements



INTERACTION OF THE SYSTEM CURVE WITH THE PUMP CURVE
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Pumps operate where the pump curve meets the system
curve. ldeally, pumps should be sized to run as closely as
possible to its best efficiency flowrate. This not only makes

the pump more efficient, but also improves its reliability.

Correct sizing requires that both pump curves be fairly
accurate. Minor variances of the manufacturer’s tolerances
may affect the pumps performance, but all curves have a
tolerance of approximately +3%. System curves have a much
wider range of inaccuracy due to variations in pipe and
fitting friction losses between various manufacturers.

The note at the bottom of the Cameron Hydraulic Data book
of pipe tables advises that a 15% to 20% increase in loss
should be used above the loss levels shown in their tables.
This inaccuracy, and the rising cost of power, make it
imperative that larger pumps be field tested to determine
actual flowrate.

Excessive flow causes excessive friction thus driving up
power consumption and operating costs. Field testing allows
the system

calculations to be confirmed, and the pump to be modified,
to meet the actual system conditions.



NET POSITVE SUCTION HEAD

While Net Positive Suction Head (NPHA) analysis is not a concern with submersible pump design, when
designing a dry pit, a NPSH analysis is critical.

The following discussion demonstrates why NPHA analysis is not necessary in submersible pump design.
There are two forms of NPSH. Net Positive Suction Head Required (NPSHR) is provided by the manufacturer,
and net positive suction head available (NPSHA) is the amount of energy available at the inlet of the pump in
relation to the system layout. NPSHA is calculated using the formula below:

The purpose of a net positive suction head
analysis is to ensure that the impeller of the
Equation7 pump is submerged with liquid.
hatm = Atmospheric pressure at the surface of the liquid (ft) For example, in a dry pit design the water is
Zs= Suction Static Head (ft) stored in a wet well, and the pump is stored in a
hvp = The liquids vapor pressure at the pumped temperature (ft) separate structure and is not submerged.
ht="The friction losses in the pipe and fittings from the suction tank to the pump inlet (ft) If the layout was such that, at some point, the
water level in the wet well dropped low enough
that it was not being forced into the pump
impeller, the pump would begin to cavitate.
In a submersible pump station with proper
design of the control elevations, the pump is
NESHA always submerged and forcing the fluid into the
NESH Margin = oo p 2 13 impeller thus eliminating this concern.

NPSHA = oy 1 2, ~ hyy = Iy

NPSHR is provided on the manufacturers curve. The most important thing to know about NPSH is that the NPSHA
must be greater than the NPSHR. Typically, a factor of safety of 1.3 is used. Thus:
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NPSH formula

NPSH, = (pe + pb— pv)/(0 - g) + vezf'}lg —Hrs-Hsgeo 2§

where

Pe
Pb

Pv
Q

o
tal
Ve

HL._.S
H; geo

]
S

(29)

Gauge pressure in suction tank in N/m?

Absolute atmospheric pressure in N/m? (Table 13: consider
effect of altitude!)

Vapour pressure in N/m? (in Table 12 as absolute pressure!)
Density in kg/m’

Gravitational constant, 9.81 m/s”

Flow velocity in the suction tank or sump in m/s

Head loss in the suction piping in m

Height difference between the fluid level in the suction tank or
sump and the centre of the pump inlet in m

Height difference between the centre of the pump inlet and
the centre of the impeller inlet in m

-
s' Ty T
Reference plane ' _}‘ l‘_
Open sump Closed tank HSQQD T
Pe
Pe=0 Pb + P
]
o ! I e

+~ Py L0 Vg — /J

Fig. 36: Calculation of the NPSH,, for suction lift operation for

horizontally or vertically installed pumps




INTRODUCTION TO WET WELL DESIGN
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TR e R MINIMUM STORAGE VOLUME
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Qin) QIN = Inflow rate into wet well
v QOUT = Discharge flow rate out of wet well

PUMP W V(min) in units dA’.uu REQET L_\Sjﬂ 4 L;.\AJAS\ @JY\ Aall ujs.i u\ (REN] sale
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| g L TMIN = Minimum cycle time between pump

[# 000, W ﬂ starts (minutes)

ALY _IEHEEH Vmin = Minimum storage volume of wet well to
emecast /L7 hold/gather fluid during pump off

WET WELL




MINIMUM STORAGE VOLUME

V(min) can be determined by starting with the following equation which relates the inflow, storage volume, and
outflow to T(min):

T — VMIN VMIN
pMIN QIN QOUT - QIN

Hydraulic Institute Intake Design — 1998 Equation B.1

Assuming the flows entering the wet well have been properly estimated, and an appropriate pump has been
selected for the demand, the worst case scenario is that the inflow is twice the rate as the outflow. Or:

Qn =Qour/ 2
Equation V.1

The result of plugging this into the Q,y, component of equation 1 and rearranging for Vyn is:

Varin Varrn 4 = Varrn

T, — —
AEN Qi Qour — QuIn Qour

Equation V.2

Therefore:

T * Qour
Vvirn = 7

Equation V.3
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DIAMETER OF WELL
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A =WET WELL
AREA (s.f) CONTROL ELEVATIONS
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" PUMPS "OFF"
H

! PUMP INLET

HX = Pump Inlet to the Pumps "Off" Elevation

HMIN = Pumps "Off" to the Lead Pump "On" Elevation
HLEAD = Lead Pump "On" to the Lag Pump "On" Elevation
HRES = Lag Pump "On" to the High Water Alarm Elevation




HX — MINIMUM SUBMERGENCE
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H, = D(1 + 2.3F,)

Vv

o = gp*5

D = Inlet Diameter (ft)
g = gravity (32.2 ft/s’)

Q.= Pump Discharge Flow (cfs) V = Velacity (ft/s) of fluid at the inlet and is determined by:

A = Area of inlet (ft“)

V=Q/A



HMIN — MINIMUM STORAGE

H(min) is the distance between the pumps "off" and lead pump "on" elevations. It is determined by the following
equation.

V min = Minimum storage volume (gallons)
Hvin = Vi / A A = Cross sectional area of wet well (sq.ft.)

HLAG - LAG STORAGE

Duplex submersible pump stations should be sized so that one pump will be able to handle peak flow events.
During events where the inflow exceeds the predicted max flow, the second pump can be used to handle the
additional flows. This is where H(lag) comes into play. It is an arbitrary factor of safety set by the engineer.
Typically, in smaller flow stations of less than 200 gpm, an H(lag) of at least six inches is recommended. The larger
the engineer makes H(lag), the more conservative the system, but material and construction costs will increase.

HRES - RESERVOIR STORAGE

As with H(lag), H(res) is a factor of safety built into the submersible pump station. In the event the actual inflow

far
exceeds the max predicted inflow, or a pump fails, an alarm is triggered. This alarm signals station operators

that
there is a problem. For smaller flow stations (less than 200 gpm) an H(lag) of at least twelve inches is
recommended. However, this should be a decision made by the engineer on a system by system basis.
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FICavitation

- disruption of flow and head
- noise emission increase

- vibration increase

- damage of impeller

- interruption to lubricate
(medium lubricated) bearings

- malfunction of axial thrust
balancing

NPSH - Net positive suction head

- NPSH is (beside operation flow, - head and required power) one of the most important operating
data.

NPSH is related to cavitation

NSPH definition
- NPSHavailable = given NPSH by the design of the system
- NPSHrequired = NPSH, given by the design of the pump

1) NPSHavailable > NPSHrequired
to guarantee the pump operation relliability (= to guarantee that the pumps don’t run into cavitation)
e.g:

What happen in case of a situation where NPSHavailable = 3m and NPSHrequired =4 m
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Cavitation

-gas/vapour bubble (depending to pressure and temperature) and
implode on surfaces (micro — jet up to 10° bar).
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