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1. General

1.1. Pump system layout

Layout of wastewater systems in private, publicand in-
dustrial wastewater and rain water discharge systems
must be made in accordance with local regulations.

This engineering manual is a supplement to such
regulations.

1.2. Location of pump system

The following should be considered when selecting the
best location for the pump system:

- Inlet layout to prevent cavitational problems
« Preparation for later capacity extension and
water hammer problems
« Service access
« Environmental considerations,
including access for flushing
 Operation and maintenance

In addition for pit located outside building:

« Minimum distances to foundations

- Soil and groundwater conditions

- Area reservation/site acquisition

* Route for pump system outlet

- Power supply

Location of flood-proof power board

« Emergency overflow or flood protection
- Dry or wet pump installation

Valve position (dry or wet pit)
Prefabricated or on-site made pit

In addition for pit located inside building:

« Special room

+ Hermetically sealed, prefabricated tanks with ven-
tilation to the open (minimum 50 mm pipe)

« Emergency overflow

» Flood protection

+ Pipe dimensions and penetration of wall

1.3. Types of pump system

This manual distinguishes between three basic waste-
water types:

1. Drainage and sump pumping
2. Effluent and screened water pumping
3. Sewage and faeces pumping

Pump selection, pipe dimensions and the consequences
of pump failure will be different for the three wastewa-
ter types.

1.3.1. Drainage and sump pumping
5-10 mm maximum particle size expected in pumped
liquid with only a limited content of long fibres.

A Increased clogging risk

Semi-open
multi-vane impeller

4 8 12 16 20

Free passage [mm)]

Fig. 1 Diagram showing the relation between risk
of clogging and dimension of free pump passage.
Good protection against clogging is achieved with
10-12 mm free passage.

Field of application

Cellar drainage, fountains, contractor pumping from
excavations and any application using flexible horizon-
tal discharge hoses.

Pump failure in drainage applications will normally
only result in flooding that requires normal cleaning.
If this is not acceptable, the installation should be up-
graded with an effluent type of pump in order to reduce
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the risk of clogging as much as possible. This will in-
crease both initial and operating costs of the pump by
more than 60%.

1.3.2. Effluent and screened water pumping

A Increased clogging risk

Vortex
impeller

Single-channel impeller

N,
,
30 40 50 60 70

Free passage [mm]

Fig. 2 Diagram showing the relation between risk
of clogging and dimension of free pump passage.
Good protection against clogging is achieved with
35-45 mm free passage.

25-35 mm maximum particle size expected in pumped
liquid with a moderate content of long fibres, e.g. hair
from human beings, pets and brushes.

Field of application

Pumping at purification plants, pumping from septic
tanks, rainwater pits along roads and grey wastewater
with no content of toilet matter.

Pump failure in effluent applications will normally
cause great expense for considerable cleaning and dis-
infection before drying-out can take place.

If this is not acceptable, then to reduce the risk of clog-
ging as much as possible, the installation should be up-
graded to a sewage type of pump or by fitting grinding
gear. This will increase both initial and operating costs
of the pump by more than 60%.

It is usually cost-effective to use sewage pumping
equipment for effluent handling duty only when
Qis>101/s.

1.3.3. Sewage and feaces pumping

A Increased clogging risk

\
\ ,
\ f5mg|e—channe|
\ impeller
Vortex \
impeller \

40 60 80 100 120

Free passage [mm]

Fig. 3 Diagram showing the relation between risk
of clogging and dimension of free pump passage.
Good protection against clogging is achieved with
70-80 mm free passage.

70 mm maximum particle size expected in pumped
liquid and a high content of solids, e.g. children’s shoes,
toys, tooth brushes and tampons is to be expected.

Where, particularly in southern Europe and the United
States, water closet discharges are only 50 mm, it is
possible to install 50-65 mm vortex pumps for domes-
tic sewage.

Field of application

Pumping in mains and sectional discharge systems in-
cluding toilet connections and pumping in systems
with unknown connections and discharges.

Pump failure in sewage applications may additionally

result in evacuation and rehousing of people and stor-
age of furniture and equipment for up to 30 days due to
contamination risk.

If the risk of clogging is to be reduced as much as possi-
ble, the installation must be upgraded to a vortex pump
with minimum 100 mm free passage. This will increase
both initial and operating costs of the pump by more
than 100%.

It is usually cost-effective to upgrade to a 100 mm free
passage vortex type of pump when Qis > 20 I/s.
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1. General

Domestic sewage pumping in pipes with

small diameter

When discharge pipes are smaller than DN 80 or pump
sump is very small: Use grinder pumps for flows up to
51/s.

Aspects of wear and tear in heavy duty pumping of
mixed sewage

The impeller type with least wear and tear is the
SuperVortex. The most efficient is the smart trimming
closed impeller, which is adjusted at each oil check.

Fig. 4 Smart trimming principle

Fig.5 Semi-open impeller and grooved wear plate

Semi-open impellers running against wear plates with
cutting grooves quickly lose efficiency and capacity dur-
ing the first hundred hours of operation (Fig. 5). This
generally gives them the same lifetime power con-
sumption as vortex impellers. As the time spent on un-
clogging the pumps is higher than for vortex pumps,
the overall cost will generally be higher.

Life cycle cost comparison
Comparison of lifecycle costs between pumps with

« SuperVortex impeller

+ semi-open single-channel impeller

+ closed single-channel impeller
with bronze neckring

+ closed single-channel impeller
with smart trimming.

Q=201/s=72m3/hat 12 m head.
Price per kWh: 0.1 euro

Pumped volume at intermittent operation: 108,000 m?
ayear = 1,080,000 m3in 10 years.

Life cycle costs (see Figs. 6 & 7)

Pos.1 Investments

Pos.2 Installation and commissioning costs

Pos.3  Maintenance costs over 10 years for oil
check, megging, trimming and replacement
of shaft seal when broken: 1,250 euro.

Pos.4  Repair costs over 10 years
Vortex impeller: no foreseeable cost
Semi-open impeller: 9 times dismantling of
pump for impeller adjustment, one
replacement of impeller and wear plate.
Closed impeller: one replacement of
neckring.
Closed smart trimming impeller: no
foreseeable cost as impeller trimming is
performed from the outside in connection
with oil check (see diagram).

Pos.5  Average power consumption:
Average watt hour/m3/m head x capacity x
head x 10 years x price per kWh.
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17,568 17,562 Lifetime cost in euro of pumps with
*l*B 16,724 H H
1535 different |mpeller types
15,000 ; (see also Figs. 6 & 7)
Super- Single- Closed, Closed,
Vortex channel, | neckring smart
semi-open | sealed trimmed
10,000 4
6554 Pos. 1 3,400 3,500 3,800 4,000
6050 6.350 6,550 Pos. 2 2,550 2,550 2,550 2,550
5,000 1 Pos. 3 1,250 1,250 1,250 1,250
g B 2 Pos. 4 0| 1,190 570 0
m m <
Pos. 5 10,368 9,072 8,554 8,035
Pos.1+2| 5 | 1+2| 5 | 1+2] 5| 1+2] 5 |
34400 34 3HAoo o 34 Total 17,568 17,562 16,724 15,835
*A
The saving by using a 100 mm smart trimming impeller instead of a
100 mm SuperVortex impeller amounts to 11%.
*B
The saving by using a 100 mm single-channel semi-open impeller running
against a wear plate with cutting grooves compared with a 100 mm
SuperVortex impeller amounts to less than 1%. This saving will seldom
compensate for the increased clogging risk of the semi-open impeller.
Fig. 6 Diagram of lifetime costs
8.5
SuperVortex
§ —_— == T ! Average consumption: 8 Wh/m3/m
3 New impeller o
= R BR
E * *
P ew Q 'i
§ kring o of _ - Single-channel, semi-open
< vk == Average consumption: 7 Wh/m3/m
; R R s
=t Rl = Closed, neckring sealed
ol .
32 . Average consumption: 6.6 Wh/m3/m
o
£ V\%/‘V Closed, smart trimmed
2 Smart Average consumption: 6.2 Wh/m3/m
8 trimmin%
2 5.5 }
Y T T
S 0 1 2 3 4 5 6 7 8 9 10 Years
o
[7p]
—_— e = SUpervortex = = = = = = Closed, neckring sealed
saessesaann. SinNgle-channel, Closed, smart trimmed
semi-open
Fig. 7 Power consumption per cubic metre raised one metre (kWh/m3/m head)
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1.4. Inflow
1.4.1. General

Calculation of inflow in relatively large systems must be
made by companies/persons, who are insured against
faulty estimates and calculations.

Calculation of the capacity of the pump system de-
pends very much oninflow and variations of this, which
should be carefully estimated. If there is great uncer-
tainty concerning the amount of inflow, measurements
should be made, if possible.

The amount of inflow from single-family and semi-de-
tached houses is usually so small that it is the self-

cleansing ability of the vertical pump riser main which
determines the required capacity of the pump system.

Inflow typically consists of one or more of the following
types of water:

+ Drainage and infiltration water

« Rainwater
« Wastewater

Calculating the inflow

Please note that local authorities often have different
regulations as to layout and dimensioning of pump sys-
tems.

The rated amount of discharge water consists of

Qd,r =the rated amount of drainage water (I/s)

Qr,r =the rated amount of rainwater (I/s)

Qs,r  =the rated amount of wastewater (I/s)

Approximate graphical determination of Qd,r is shown
in Fig. 10, Qr,rin Fig. 13 and Qs,r in Fig. 16.

Rated inflow in common systems
The rated discharge (Qr) in common systems is calcu-
lated like this:

Qr=Qs,r +Qr,r+Qd,r(I/s).

Rated inflow in separate systems
The rated discharge flow in separate systems is calcu-
lated like this:

Qr = Qs,r in wastewater pipes (I/s)
Qr = Qr,r + Qd,r in rainwater pipes (I/s).

When dimensioning pipes transporting both pumped
and unpumped water, the probability of simultane-
ously occurring peak water flows must be taken into
consideration. Because of this it may be necessary to
minimize the rated discharge flow by increasing the ac-
cumulation capacity in the pump sump. If a gravita-
tional pipe transports pumped water, the self-cleansing
gradient can be reduced, based on the rated discharge
flow.

1.4.2. Drainage and infiltration water

The rated amount of drainage water is usually small
and is often estimated. In case of porous soil in the sur-
roundings and drainage under the groundwater level,
the rated amount of drainage water should be based on
a hydrogeologic test.

1.4.3. Rainwater
The rated rainwater flow is calculated like this:

Orr=ix@xA, where

i =the rated rain intensity (I/s/m?)
A = catchment area in m? (horizontal projection)
¢ =discharge coefficient

The calculation of rain intensity is based on considera-
tion of the consequences of flooding.

The discharge coefficient is a measure of the rainwater
runoff from the catchment area. The coefficient varies
with the type of surface.

The catchment area is the area from which water flows
to the discharge system.

1.4.4. Wastewater

The rated wastewater flow is based on the assumed
wastewater flows gs,a fromthe individual installations,
taking the probability of simultaneous discharge into
consideration.
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c.1 Assumed wastewater flow (gs,a)

The assumed wastewater flow is the inflow to the dis-
charge system from an installation, floor outlet or the
like during normal use.

c.2 Rated wastewater flow (Qs,r)
The rated wastewater flow is based on the size of the
discharge installation, defined as

 coupling pipes which only transport discharge from
one installation or one rainwater inlet

- connecting pipes where the assumed total waste-
water flow is less than 12 I/s. Connecting pipes are
pipes which transport discharge from more than
one installation and more than one rainwater inlet

- connecting pipes where the assumed wastewater
flow is =212 |/s.

o
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Fig. 8 KP: typical pump for the application below Fig. 9 AP 12: typical pump for the application below
A
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| .
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20,000 | : ¢ ¢ ¢ ¢ ¢ —— e — ——
' NN A A A A A
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10,000 L[ — 2x10m
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Fig. 10  Lowering of ground water table (drained area only)
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Fig.11 AP 51: typical pump for the application below Fig. 12 AP 35: typical pump for the application below
A Qr.r(m3/h)
300
280 A
260 A
240 A
220 /\
O
200 Wind / O
i . / O
180 Vertical area 0
of building |———
160 1200 m2 0
—
140
— Gravel
120 4 area
200 m?
100 | PFECIPItatIOH in |
mountainous areas:
g0 | 2301/s/ha (rainwater only)
-
6o | _-- g Area (m2) x discharge coefficient (¢)
_-" Roof area: 200m2x 1.0 = 200 m2
20 - Vertical area: 1200 m2x 0.33 = 400 m2
- Gravelarea: 200m2x 0.6 = 120 m?
20 - - - Precipitation in flat areas:  1otal: 720m?
e 140 I/s/ha (rainwater only)
O T T T T T T T T T )
0 400 800 1200 1600 2000 m?
Fig. 13  Rainwater from yards, parking grounds, roads, roofs etc.
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Fig. 14  S1 (single channel): pump for the application below Fig. 15 SV (SuperVortex): pump for the application below
Qsr (m/h) A
200 | ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ —> Beds
100 200 300 400 500 600 700 800 900 1000
180 |
Dimension  Minimum capacity
160 |
DN 100: 25 m3/h, approx. 1m/s
140 DN 80: 15 m3/h, approx. 1m/s
1 DN 65: 12 m3/h, approx. 1m/s
DN 50: 8 m3/h, approx. 1m/s
120 | Hotels and hospitals incl. laundry
100 |
Employees
>
so | 10 600 1000 2000
€0 Office buildings
40 |
DN 100 Blocks of flats
20 |
- =DN 80
- = =DN 65
o ~[F = —-DN>50 , Dwelling
" units
0 20 40 60 80 100 120 140 160 180 200

Fig. 16 Wastewater and sewage
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2. Sizing of pumps

2. Sizing of pumps

When the location and basic layout of the pump system
has been chosen (including the maximum inflow), the
capacity of the pump system and the pump and pipe
layout can be determined.

2.1. Calculation of capacity &
number of pumps and
duty mode

The capacity of the pump system is calculated in such a
way that it exceeds the maximum inflow. The addi-
tional capacity depends on the accuracy of the calcula-
tion of inflow. Furthermore, compensation for wear
and capacity tolerances must be taken into considera-
tion. For mass produced pumps, the international
standard ISO 9906, Annex A, accepts toleranceson Q, H
and P.

In the case of small systems, e.g. for single-family
houses, semi-detached houses etc., where faecal
wastewater is pumped, the self-cleansing ability of the
riser main will often determine the minimum pump ca-
pacity:

I/s m3/h
DN 50 2.2 8
DN 65 3.3 12
DN 80 4.2 15
DN 100 7 25

The above figures are independent of inflow.

In the case of small pump systems (2-8 m3/h) for
wastewater including drainage and rainwater, maxi-
mum pump capacity is set to be equal to maximum in-
flow as pipes and sump can accumulate water. In such
pump systems, it is common to use single-pump opera-
tion.

Depending on the size and variation of the inflow and
the degree of inconvenience in case of pump failure, it
may be a good idea to split up the capacity between
two or more pumps.

>

0 6 12 18 24
Time of day

Fig. 17  Typical discharge pattern (sewage)

For middle-sized pump systems, it is common to use a
single pump for the full discharge, but to have two sim-
ilar pumps in alternating operation, i.e. 100% reserve
capacity.

The decision of the need for reserve capacity must be
based on the consequences of one pump being out of
operation and the possibility of replacing the pump.

For pump systems with both wastewater and rainwater
inflow, it is possible to have a group of pumps consist-
ing of a number of similar pumps which can handle
maximum flow of wastewater and another group of
similar pumps for rainwater.

Alternating duty mode can ensure uniform wear of the
pumps and constant check of operational availability.
By choosing proper control equipment and correct start
and stop levels, it is possible to ensure proper cut-in of
the pumps so that they run simultaneously, depending
on inflow.

oV
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2. Sizing of pumps

2.2. Selection of pump and

pipe layout
When the number of pumps and any split of duty be-
tween them has been decided, pump and pipe layout

can be determined. The following things should be con-
sidered:

Number, type and position of fittings on internal and
sometimes external discharge pipes:

- isolating and non-return valves
+ flow meters or volumetric flow test equipment
« airvents
- cleaning and inspection sockets
 bends, manifolds, branchings, reductions
and expansions
- flanges and unions
- adapters and compensators
- draining and pressure gauge sockets
- pipe bends

The pipe layout should be made as simple as possible
and in such a way that it does not make access difficult
for inspection, maintenance and replacement.

Each pump is fitted with a vertical discharge pipe,
which can either be connected directly to separate ex-
ternal discharge pipes or to a manifold, which itself is
connected to a common external discharge pipe out-
side the pump pit.

Necessary fittings or pipe bends are fitted to the dis-
charge pipes and the manifold, if any, is fitted with nec-
essary valves etc. Each discharge pipe should have its
own non-return valve and isolating valve. For very small
pump systems, where backflow does not occur, valves
can be left out and be replaced by a vented pipe, placed
above the discharge level so that the pipe below the
vent is self-evacuating. This will clean the impeller of
any rags or other solids.

Fig. 18 Layout of simple pump sump

The internal discharge pipes should be made of a mate-
rial which enables them to resist the impacts to which
they are subjected:

» pressure and pressure variations

-+ velocity of water

+ atmosphere (humid, corrosive air)
» temperature-dependent expansion
» mechanical impact

 electrolytic action

For systems pumping normal household wastewater
and rainwater, hot-galvanized steel pipes or stainless
steel pipes are usually used. PEM, PEH and PVC plastic
pipes are sometimes used for small pump systems with
low pressures.

The pipes must allow all particles passing through the
pump to be transported in both internal and external
discharge pipes. The question of self-cleansing must
also be taken into consideration.

The water velocity should not be much less than

1.0 m/s in vertical pipes, otherwise harmful deposits
may occur. Note that this is also the case during parallel
operation where the amount of water per pump drops
when pumping into a common external discharge pipe.
Usually the dimensions of the vertical discharge pipes
are chosen sothat the velocity during parallel operation
is between 1 and 3 m/s.

o
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2. Sizing of pumps

In horizontal pipes (both internal and external), a veloc-
ity of 0.7-0.8 m/s should be aimed at. This should en-
sure trouble-free operation without harmful deposits.
In order to avoid unnecessarily high pressure losses in
the system, the velocity should not exceed 2 m/s.

LT BV SSYRBVY SOV 8N

Fig. 19 Installation with vertical and horizontal

discharge pipe system

2.3. Determination of
system characteristic

The pump pressure must overcome various resistances
in the pipe system.

The total head varies with the amount of water in the
system. In principle, the counter-pressure consists of
three elements:

« Geodetic head
« Losses in individual resistances
- Frictional losses in straight pipes

Agraphicillustration of the relation between losses and
water flow is called the system characteristic.

2.3.1. Geodetic head

The geodetic head is independent of the flow and is the
difference of altitude in metres of the mean water level
in the pump sump and the upper side of the external
discharge pipe at the outlet of the pump system (final
level). This is on condition that no part of the pipe
system is ata higher level and that the outlet is not sub-
merged.

If the difference between the upper and the lower
water levels in the pump sump is considerable, it may
be necessary to check the situation both at pump stop
and pump start.

2.3.2. Losses in individual resistances

When water passes through valves, bends, reductions
and expansions, etc., energy is lost. This loss varies with
the velocity of the water and consequently the flow
rate.

These losses can be calculated from the formula

VZ
He=Cx —
g 2%
where
He  =energy loss in individual resistances (m)
v = velocity of water in individual resistances (m/s)

acceleration due to gravity (9.81 m/s?)
resistance coefficient of individual resistances

g
g

It is important to determine the resistance coefficient
as accurately as possible, as individual losses can be
considerable in cases of high velocity.

oV
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2. Sizing of pumps

2.3.3. Frictional losses in straight pipes

The frictional loss in straight pipes depends on the flow
through the pipe system and a number of other factors,
of which the mostimportantis the roughness. Here it is
important to consider the roughness as the roughness
of the pump system, i.e. including the influence of pipe
connections, deposits on pipe walls and air pockets. Ex-
perience shows that the roughness figures for brand
new pipes stated by the manufacturers are not to be re-
lied on. For steel pipes and plastic pipes, the roughness
should therefore not be estimated at less than 1.0 mm
and 0.25 mm respectively. Often a roughness of 1 mm
is used for both pipe types.

If the external discharge pipe is not constantly rising to-
wards the outlet, but has top and bottom points, the
risk of air pockets and deposits in the pipe increases and
the roughness may increase considerably. In such cases,
the pipe characteristic should be determined for alter-
native roughnesses, e.g. 1.0 mm and 2.0 mm, and

the pump selection made according to this.

The external discharge pipe is thus a very important el-
ement when dimensioning and selecting pumps. The
pump selection task is properly completed only if the
external discharge pipe is treated as an integral part of
the pump system.

Pipe loss nomograms are very much used and if they are
made in a practical way and are used correctly, allow
pumps to be selected quickly and safely. It is important
that the nomogram is based on recognized resistance
formulas, that water temperature and roughness corre-
spond to the conditions in question and that the inter-
nal pipe diameter is used in the nomogram.

Grundfos has worked out nomograms (Figs. 81 & 82),
by means of which it is easy to determine the frictional
loss in straight pipes and individual resistances as well
as the velocity.

Constant for system characteristic (C) =

frictional loss in fittings and straight pipes
flow squared

System characteristic, H = geodetic head + C x Q2

Roughness

of different material surfaces

Type of piping

Roughness k

(clean, new pipes if nothing else is (mm)
mentioned)

Drawn pipes

(aluminium, copper, brass, glass

and various synthetic materials) 0-0.003

Plastic pipes

PVC and PE, new 0.01-0.005

PVC and PE, with deposits 0.15-0.6

GUP (glass-fibre reinforced

polyester) 0.02-0.05

Steel pipes

Drawn pipes 0.01-0.05

Welded pipes, new 0.03-0.15

Welded pipes, with deposits 0.15-0.30

Galvanized pipes, new 0.1-0.2

Galvanized pipes, with deposits 0.5-1.0

Riveted pipes 1-10

Castiron

Centrifugal cast, new 0.1-0.3

Centrifugal cast, with deposits 0.5-3.0

Asbestos cement pipes 0.02-0.1

Concrete pipes

Centrifugal cast pipes 0.1-0.3

Vibrated pipes 0.2-0.8

Normal pipes 0.3-1.5

Other pipes

Wooden pipes 0.2-1.5

Fibre pipes 0.01-0.05

Vitrified/enamelled pipes 0.2-0.5

Miscellaneous

Glaze plastered concrete canal 0.3-1.0

Raw concrete canal 1.0-5.0

Rock tunnel 70-400

Canalin earth 10-200

o
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2. Sizing of pumps

A Geodetic head A Individual losses
in pipe system

+
- 4»

.l.

A Frictional losses A Total head

in pipe sysem

Fig. 20 Calculation of total head

2.4. Pump selection and

pump characteristic

2.4.1. Pump selection

Pump suppliers will normally offer several different
pumps within a given capacity range and a choice has
to be made between these.

The selection should ensure:

that the pump meets the capacity requirement,
possibly by using several pumps.

that the duty point of the pump is as good as
possible. The pump should run at maximum effi-
ciency for as long as possible.

that good self-cleansing properties are ensured in
the pipe system, also during parallel operation
when connected to a common external discharge
pipe. In this case, the performance of each pump
drops compared with the performance at single-
pump operation.

that a pump with a suitably steep pump character-
istic is chosen (especially for small pump systems).
This ensures sufficient excess pressure, which
makes it easier to remove deposits, thus reducing
the risk of complete blockage.

that the passage through the impeller is suitable
for the contents of the water to be pumped.

Normal requirements for free passage through
pump and riser main and for water velocity:

1. Drainage and infiltration water
Max. particle size 10 mm, self-cleansing velocity in
riser main 1 m/s.

2. Rainwater and grey wastewater (effluent)
Max. particle size 30-50 mm, self-cleansing velocity
in riser main 1 m/s.

3. Wastewater

Faecal wastewater from single-family house

Max. particle size 50-70 mm, self-cleansing velocity
in riser main approx. 1 m/s.

Faecal wastewater from buildings in general
Max. particle size 70 mm, self-cleansing velocity in
riser main approx. 1 m/s.

Faecal wastewater in main pipes
Max. particle size 80-100 mm, self-cleansing veloc-
ity in riser main approx. 1 m/s.

Wastewater (effluent) in the industry and at treat-
ment plants after passing a screen

Particle size 30-50 mm, self-cleansing velocity in
riser main approx. 1 m/s.

that the pump choice is always based on the follow-
ing curves:

« Pump characteristic (Q/H curve)
« Power curve
- Efficiency curve

For submerged pumps, the power and efficiency
curves must be for the whole unit, i.e. pump and
motor.
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2. Sizing of pumps

Fig.21  Relation between pump and pipe system

2.4.2. Pumps in single operation

Fig. 21 shows that it is often necessary to consider dif-
ferent alternatives or to make calculations prior to the
final pump selection. Pump selection and sizing is most
clearly and easily shown graphically. This is illustrated

in the following figures.

The system characteristics, which could be for different
geodetic heads or pipe dimensions or materials, are cal-
culated and plotted on a suitable scale. In the same di-
agram, the pump characteristic for alternative pumps
can be drawn, which makes comparison easier. Be care-
ful when plotting the supplier’s pump characteristic in
the diagram including the system characteristic and
think of scale and units on the axes.

The duty point of the pump is the point of intersection
between system characteristic and pump characteris-
tic. It is the point where the pump develops exactly the
total head required to overcome the geodetic head plus
hydraulic losses (individual resistance losses and fric-
tional losses) in internal and external pipes.

Itis also possible to draw the efficiency curve in such a
way that it can be seen immediately whether a given
duty point is acceptable in relation to the efficiency of
the pump unit. The optimum pump selection is ob-
tained when the duty point is right above the top point
(maximum value) of the efficiency curve (Fig. 22).

If the geodetic head varies, which should be checked,
(for instance, with great variation of the water level in
the sump, when used as a reservoir), this means vertical
parallel displacement of the system characteristic and
consequently the duty point will vary within a certain

range. In this case also, the pump selection should re-
sult in efficiencies around the top point (maximum
value) of the efficiency curve (Fig. 23).

AH (m)

0
] Efﬁc' P
1 ! f
} N
! >
Q (I/s)
Fig.22  Optimum duty point for a new pump in a pipe
system without deposits
4 H(m)

Fig. 23  Duty point for a new pump in a pipe system

with variable geodetic head

Fig.24  Moving of duty point over time due to pump wear
and deposits in pipe system
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2. Sizing of pumps

Fig. 24 illustrates how the duty point moves if the losses
in the pipe system increase, e.g. due to deposits on the
pipe walls. It also shows how pump wear gives a declin-
ing pump characteristic.

2.4.3. Pumps in parallel operation

Two or more pumps can be installed so that they can
run in parallel, connected to a common discharge pipe.
The common characteristic for both or all pumps in op-
eration is constructed by horizontal summation (at the
same head) of the individual pump characteristics. We
only talk about parallel coupling if the pumps are con-
nected to the same discharge pipe so that the pressure
loss in the pipes close to the pumps is insignificant com-
pared to the pressure loss in the common discharge

pipe.

The individual pump characteristics and the common
characteristic can be plotted together with the system
characteristic and the efficiency curve - just like in the
case of one pump.

The duty point is the point of intersection between the
system characteristic and the common pump charac-
teristic. The principle is illustrated in the diagram
below.

H (m)

|
s, & fE
S5 T® = ER|
asi Q| Q
S S g1 g2
WESH °) gl >
>
50% 60-80% 100% Q (i/s)

Fig. 25  Principle of graphical determination of duty point
with two similar pumps in parallel operation.
The characteristics of the two pumps are summed
horizontally at the same head.
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3. Pump service life

3. Pump service life

The service life of a pump is the number of hours of op-
eration, or in the case of low usage, the time elapsed,
since the previous overhaul or check-up. At each over-
haul, bearings and other wearing parts, cables and bar-
rier oil may have to be checked or replaced, but the
pump remains fundamentally the same.

Tyical pump service life is between 200 and 2000 hours
of operation.

Drainage, effluent and sewage pumps need periodic
check-ups as the operating conditions are often tough.
The frequency depends on the specific application and
the liquid type. In the warranty period it will often be
every 2,000 hours of operation or at least once a year. At
the check-up, damaged or worn components are re-
placed.

If properly serviced, the pump may last for 10 years or
more, equal to 20,000 hours’ operation. The service life
of the pump is, however, affected by several factors:

Abrasive liquids ~ (Page 23, section 3.1.)
Corrosive liquids ~ (Page 24, section 3.2.)
Cavitation (Page 26, section 3.3.)
Impeller life (Page 28, section 3.4.)

AW

The longest life in connection with heavily abrasive
liquids is obtained by using an air compressor operated
air lift pump. The price of improved durability is a
doubling of the power consumption.

3.1. Abrasive liquids

If a standard sewage content existed, it would contain
approx. 0.005 vol.% of sand and silt. The sand content is
either expressed as

« apercentage by volume (p,) or as
« apercentage by weight (p,,).

The relation between the two is:

Pm~ 3x Py
(when density of sand is estimated at 3,000 kg/m3)
This means that if p, is 0.005%, p,,, will be 0.015%. For

sewage with this content, any wastewater type of
pump and any material could be used. For certain peri-

ods, however, the sand content may be much higher,
e.g.following heavy rainfall or when snow melts. It may
be up to 1,000 times as high for several hours. The
amount of sand carried into parts of a sewage system
by infiltrating drainwater or groundwater may be so
high as to cause extensive pump wear.

Factors that affect the wear of the pump:

Sand content

Shape of sand grains
Pump material
Impeller type

Pump head

uhwn e

3.1.1. Sand content

Often a sand problem can be traced to a hillside with
extensive erosion during heavy rainfall. Rapidly flowing
rainwater runoff carries large quantities of humus,
sand and silt to roadside gullies and so to the collecting
pit. From here, the water is pumped from pumping sta-
tion to pumping station until trapped at the inlet of the
treatment plant. All the way through the system the
sand will cause trouble. The sand may also come from a
construction site, discharged directly into the sewage
system. To reduce the worst problems, a runoff barrier
with sand trap or settling basin should be made before
the water is led into the sewage system.

Sometimes a sand problem can be traced toan old or in-
correctly dimensioned section of the sewage system
with collapsed or leaky joints. When it rains, infiltrating
water will carry sand and silt into the sewage system. In
such cases, the sewage pipe section should be relined or
replaced. Generally such problems are best solved by
trapping and retaining the sand before it reaches the
first pumping station; this is usually the most economic
solution also.

3.1.2. Shape of sand grains
Depending on the shape and sharpness of the grains,
the pump service life may be much reduced.

3.1.3. Pump material

When pumping abrasive liquids, one way of minimizing
practical problems is to select a pump which has impel-
ler and guide vanes of hardened metal or which are rub-
ber-coated, a type of pump which is expensive, both to
buy and to service. Mobile contractor pumps are of this

type.
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3. Pump service life

3.1.4. Impeller type
Often a good way of solving a sand wear problem is to
replace the single-channel impeller pump with a vortex

pump.

This pump type will pump most of the sand along the

pump housing until it is discharged. This reduces wear
ontheimpeller and the mechanical shaft seal. The price
for the improved durability is an increased power con-
sumption of approx. 20%.

3.2. Corrosive liquids

3.1.5. Pump head

In case of severe sand problems, a change in the dis-
charge pipe system may be considered in order to re-
duce the head requirement and to introduce a sand
trap. As pump head and velocity through the impeller
are related, a lowering of the required head will give
longer pump life.

Changing to a pump type with the same flow, but with
a lower discharge head, will usually extend service life
at the same sand content.

pH-value
14
13
12
£ 11
E Typical effluent
< 10 —Typicaleffluentfrom from brewery
slaughterhouse (bottle washer)
9 — The corrosion rate
8 - depends on many
® 1 Typical sewage from
£ 7 \\\‘\ residential areas factors, e.g.
2 ~— — pH-factor,
z N I ——— ﬁ--~- -
6 ~_ — I == ———aaio———| temperature, and
5 [~~~ Waterinrivers and S E—— contentofsaltand
lakes from acid ypicaltresh water ;
: metal ions.
s 4 rainwater runoff | supply for private __ |
2 Typical effluent consumers
3 —— from brewery
> (bottling hall)
1
0
0 10 20 30 40 50 60 70 80
Temperature (°C)

Fig. 26  Acidity of various effluent types
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3. Pump service life

Relation between choice of material and service life

Material Reduced service life Acceptable service life

Castiron

pH< 6.5 pH > 6.5

Epoxy lining (200 microns)

or pH<5 pH>5

cathodically protected cast iron
Bronze pH > 8.5 pH< 8.5
Stainless steel, W.nr. 1.4301 pH< 3 pH >3
Cathodically protected stainless steel pH<1 pH>1

The above diagram and table show that cast iron com-
ponents have an acceptable service life in "ordinary"
sewage at low temperatures. The use of castiron can be
extended by introducing a coating (e.g. of epoxy) and
on top of that a layer of wear resistant paint, at least
200 microns thick. To match this increased protection
of cast iron components, fabricated steel parts and
steel pipes should be hot-dip galvanized.

Bronze should only be considered at a pH value lower
than 8.5.

For acid rainwater runoff and hot industrial effluents,
the corrosion resistance of cast iron may not be suffi-
cient, especially for components subject to high flow
velocities, such as impellers and pump housings. In
these applications, the coating and protective natural
layer of rust may be eroded, leading to rapid corrosion.
Here stainless steel will be the obvious choice to obtain
acceptable service life.

Because of the risk of corrosion, aluminium should only
be used for stator housings and inlet screens on porta-
ble lightweight contractor pumps.

Submersible pumps made entirely of highgrade stain-
less steel, protected by an epoxy coating and zinc an-
odes, are the natural choice for seawater and highly
corrosive liquids such as hot industrial process water ef-
fluents.

3.2.1. Pit design for corrosive liquids

= TRV 6T

Hook-up
auto-coupling

Fig. 27  Best installation design for highly corrosive
liquids. Any sealing defects are easily detected
when the pump is pulled up for service as all piping
and gaskets are out of the water.
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SR VSTV ONH
Stationary in
the pit
ﬁl i
0 Auto-coupling
on elbow
0 /

Fig. 28  Avoid this installation design for highly

corrosive liquids as leaks and pitting holes cannot
be detected as they are hidden below liquid level.

3.3. Cavitation

Cavitation can be considered as being the creation and
collapse of vapour bubbles in a liquid along the impeller
vanes at low inlet pressure and large flow.

Cavitation in sewage pumps may take place if the fol-
lowing applies:

- Vent pipe to sump or tank is too small or partly
blocked, combined with a high liquid temperature.

+ Long suction pipes in connection with dry-installed
pumps.

« Small quantities of air bubbles are sucked in from a
vortex when the liquid level is less than 0.5 m above
the pump inlet.

- The pump capacity exceeds the operating range
shown on the pump curve.

« Pumpinletis blocked.

« Temperature of the pumped liquid is more than
80°C.

+ No vent pipe from sump or tank.

Cavitation may destroy impeller, shaft seal or motor
bearings after less than 100 hours’ operation.

Initial cavitation alone will normally only partly reduce
the impeller life, but if installed in an abrasive or corro-
sive liquid, material loss from the impeller may require
replacement of the impeller too often.

Too much Imploding
wastewater vapour \ /
pumped bubbles @
Q >> Qnominal
Fig.29  Pumped liquid hitting the vane leading edge at an

angle different from the vane angle. Eddies and low
pressure zones will form on the other side of the
vane. If the pressure drops below the vapour
pressure, vapour bubbles will form, and being
entrained in the flow will be moved to an area of
higher pressure where they will collapse (implode).
The resulting high pressure impact may lead to
pitting and erosion of adjacent surfaces.

3.3.1. Action

Wet-installed pumps

Raise the start/stop levels by 0.3 m. Check the actual
pump flow in the installation. If it exceeds what is rec-
ommended on the data sheet, an impeller with a
smaller diameter should be fitted.

Dry-installed pumps

Check the suction pipe system for possible air traps,
concentric reducers, etc. Raise the start/stop level by
0.3 m. Check the actual pump flow in the installation.
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3. Pump service life

Loss —
A A i i
H, { in S;?:'eght Static liquid pressure
Hy ) Lgss Loss
A in in valve
NPSH| ben
¥ Loss in

\ eccentric
He Al reducer
Hy, &,‘ I

Lowest pressure
in pump

Vapour pressure

Absolute zero

e pressure
min } HV l

Fig. 30  Friction losses in pipe systems with dry-installed
pumps. Hp,in must always be larger than H,

3.3.2. Calculation of maximum suction lift
The theoretical limit of the suction lift H,,,, is equal to
the barometric pressure Hy. At sea level this is 10.3 m,
equivalent to 760 mm mercury (Hg). In practice, this
value is reduced by the following factors:

Hs: Friction loss in suction pipe and
suction valve.

H,: Vapour pressure of the pumped liquid.

NPSH: Net Positive Suction Head.
Pressure drop from the suction port to
the place in the impeller where the lowest
pressure occurs (criterion for whether
cavitation occurs in the pump).

H,: Safety.
When deciding this value, estimate the
possible variations in H; H, and NPSH,
e.g. increased friction losses caused by
deposits in the suction pipe, changes in
liquid temperature and variations in pump
capacity (Q).

Himax can then be calculated from the following formula:

Hmax = Hp - NPSH - H; - H, - H,

100
+10
19
13

o
5—6
804>
14
602
50
+1
40
3005
201
10

Fig. 31  Vapour pressure

The lowest barometric (atmospheric) pressure which
occurs should be used in the calculation. For each
pump, an NPSH curve is shown, from which the NPSH
value at a given capacity can be read.

P, Barometric pressure (Pa)
Hy: Barometric pressure

(atmospheric pressure)

P
Hp = —= (m)
pxg

p: Density of liquid (kg/m?3)
g 9.81 m/s?
Hy: AP ()

pxg
Ap: Loss of pressure in suction pipe (Pa)
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If His negative (most relevant for hot liquids), the static
inlet pressure must be increased to avoid cavitation.

H, is usually set at 0.5 m for liquid temperatures up to
60°C. If the temperature is above 60°C the value is
raisedto1 m.

Note

If initial cavitation is unavoidable, a vortex pump type
should be used, as this impeller type can withstand cav-
itation better than pumps with semi-open and closed
impellers.

The atmospheric pressure at the surface of the sea var-
ies around the value 101325 Pa or 1013.25 mbar = 760
mm Hg = 1 standard atmosphere.

100 \
80
s
~ 60
a \
g \
2 40
wv
g
Q.
=
< 20
0
0 1 2 3 4 5 6
Height, z km

Fig. 32  Variation of atmospheric pressure with elevation

3.4. Combined effect on
impeller service life

g A
€
o
*q:': 10t \
2
S \
2 1f ‘
(5] 1
w 1
1
\
0,1 \ \ N
1 10 100 1.000 10,000 100,000
Impeller service life [hours]

Fig. 33  Comparison of wear structure of two different
impeller types operating at 10 m head

Explanation of the diagram above:

1. Semi-open cast iron impeller operating in alkaline
sandy sewage with a high pH

2. Semi-open cast iron impeller operating in corrosive
sandy water with a low pH

3. Semi-open cast iron impeller operating in corrosive
sandy water with a low pH, initial cavitation

A. Same liquid as for curve 1, but with a cast iron
vortex impeller

B. Same liquid as for curve 2, but with a cast iron
vortex impeller

C. Same liquid as for curve 3, but with a cast iron
vortex impeller with initial cavitation
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4. Density and viscosity

4. Density and
VISCOSIty

4.1. Pump performance in
high-density liquid

The density of a mixture of water and sand can be writ-

ten like this:

p=1+0.007 x p,, [t/m?3],
where p,, is expressed as a percentage by weight.

If p, = 15% by volume, p,,, will be ~ 45% by weight
(see page 19).

p=1+0.007 x45=1.32t/m3.

Using a standard sewage/contractor pump (for densities
of up to 1.1 t/m?3) to handle this mixture will overload the
motor and in case of inadequate motor protection, over-
heating and burnt out windings will be the result.

Action

1. Fitanimpeller with a smaller diameter or a bigger
motor. The motor power increase in per cent must
at least be equal to the increase in density.

2. Introduce flushing valve operation during startup.
This will distribute the solids in the liquid. A mix-
ture with 15% vol. will normally only occur in con-
nection with excavation drainage (contractor
pumps) or if the pump flow in vertical discharge
pipes is not sufficient to keep the sand suspended.

In this case, it will settle in the pump housing after
pump stop and the life of the motor will be reduced.
In that case a pump with higher flow and head
should be installed.

Operation at a very small flow with effluent pumps and
particularly sewage pumps should be avoided for the fol-
lowing reasons:

1. Sand and other solids collecting in the pump
housing.

2. Excessive scaling (build-up of deposits on the walls
of the discharge pipe).

3. Periods of heavy vibrations due to uneven balance
of the impeller when partly blocked by solids of
high density.

Pump curve
for water

Pump curve for
high-density liquid

Dis-
charge ! Discharge pipe™y
pipe | without deposits
with de—: \

.t \
osits
P >
:(7 Vibration zone Q

Fig. 34  Effect of high-density liquid

~ A

o0

<

E:

S i

2 v \e« — sewage

oo ‘

!

- \ Effluent and

R grinder discharge
Velocity in
vertical pipes
~<T= [m/s]
} t == >
0.5 1.0 15

Fig. 35  Scaling and clogging of vertical discharge pipes

Minimum velocity
Sewage: 0.7 m/s, but better with 1 m/s
Effluent: 0.5 m/s, but better with 0.8 m/s
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4. Density and viscosity

Duty range for vortex 70
and centrifugal pumps
65
60
o
B > §o 55
2 50
A : A
S
: "
&
S 40
5 1
S 35
g = L UIA
T 147 € 30
“ | 2 Avoid velocities
> 12 S 25 lower than 1 m/s
o [
o | ]
8} 10 ) T
S Untreated primary and 20
<
o 8 f concentrated sludges l
% 15 I £
E‘ 6 Digested sludge 10 g
g arf N o 12 &
2 5 / o 8
° 2T °
s 0 \ \ \ \ \ \ \ \ \ , 4% 4 R
I
0 1 2 3 4 5 6 7 8 9 10 0 1 2
Sludge concentration, % solids by weight Velocity, m/s
Note: Multiply loss with clean water by k to estimate friction loss under laminar conditions
Fig. 36  Head loss multiplication factors: Diagram A is for different sludge types and concentrations and
diagram B is for different pipe velocities and concentrations of solids in sewage
4.2. Pump performance in H Sludge percentages

>
7

highly viscous liquids
The apparent viscosity of unhomogeneous mixtures of
water, sludge, fat, leaves and gas can be very high. With
an increasing content of solids and sludge, the friction
loss in the pipe system will increase while the pump
performance decreases, in some cases by up to 40%.
This is partly due to the fact that the impeller needs
more energy for pumping highly viscous liquids. This Pipe characteristics
will reduce the motor speed by up to 300 RPM which ;
will reduce the capacity considerably. :

Performance curves

10%*

are by volume

0%

« Extra motor
power required

Q

: 'Qat 2% sludge
Q at 4% sludge

>

Q at 0% sludge

Fig. 37  Impact of solids in sludge on pump and pipe
characteristics. The graph shows only the principle
and cannot be used for numeric calculations.
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4. Density and viscosity

As a precaution when pumping dense sludge, the pump
should be placed as low as possible in order to ensure a
good positive suction head. The use of long suction
pipes should also be avoided since the pressure drop in
these is also increased by the solids content. When the
pump starts, a flushing valve should mix the pit con-
tent.

Treatment plant sludge may have a high gas content, ei-
ther dissolved or entrained, and this will have a pro-
found effect on centrifugal pumps. As a rule, sludge
with high solids content also has a high content of gas,
which will lower the pump performance significantly.
In extreme cases, the pump will stop pumping when
the liberated gas accumulates at the eye of the impel-
ler, thus preventing it from operating properly. In such
cases, a 1/2" vent pipe can be fitted on top of the pump
housing or in the discharge pipe system.

Sewage pump impellers with wide channels are gener-
ally best suited for sludge pumping. For denser sludge
(solids content over 2%), a pump with higher head
curve should be chosen in order to ensure the desired
performance. Sewage treatment plant sludge is not al-
ways uniform, and thus justifies the selection of a
pump with an oversize motor to compensate for surges
in solids content and consequently in power require-
ment.

If the sludge contains a lot of sand, a vortex type of
pump will often have the longest life.

4.3. Other pump types for
handling high-density liquids

4.3.1. Progressive cavity pumps

Fig. 38  Progressive cavity pump

The progressive cavity pump has been used successfully
for almost all types of sludge. The pump has a single-
threaded rotor which operates with a minimum of
clearance in a double-threaded helical stator made of
rubber. A volume or ‘cavity’ moves progressively from
suction to discharge as the rotor turns.

4.3.2. Rotary lobe pumps

Fig. 39  Rotary lobe pump

Rotary lobe pumps are positive displacement pumps in
which two rotating synchronous lobes push the liquid
through the pump. Rotational speed and shearing
stress are low. For sludge pumping, lobes are made of
hard metal or hard rubber. An advantage cited for the
rotary lobe pump is that lobe replacement is less costly
than rotor and stator replacement for progressive cav-
ity pumps. Rotary lobe pumps, like other positive dis-
placement pumps, must be protected against pipeline
obstruction.

4.3.3. Centrifugal torque flow pumps
(Vortex)

Fig. 40 Centrifugal torque flow pump (Vortex)
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4. Density and viscosity

This type of pump is very effective for conveying sludge.
The size of particles that can be handled is limited only
by the diameter of the suction or discharge openings.

The rotating impeller develops a vortex in the sludge so
that the main propulsive force is the liquid itself. Most

of the liquid does not actually pass through the vanes of

the impeller, thereby minimizing abrasive contact.

4.3.4. Diaphragm pump

A membrane pump consists of a pump housing with
suction and discharge manifold, membrane and a pis-
ton connected to a drive unit. The drive unit can be a
petrol or diesel engine, a hydraulic engine, an electric
motor or driven by compressed air. Both suction and
discharge manifold are fitted with non-return valves,
which let liquid into or out of the pump, depending on
the movement of the membrane.

Fig.41 Diaphragm pump

4.4. Pump selection for different sludge types

(high flow velocity) flow vortex pump

Diaphragm pump
Progressive cavity
pump

Plunger pump

Scum
(low flow velocity)

Type of sludge Applicable pump Comments
or solids
+ Centrifugal torque The abrasive character of grit and sand and the presence of
Containing flow vortex pump rags make grit difficult to handle. hardened casings and
grit & sand impellers should be used for torque-flow pumps. Air lift
pumps may also be used.
Scum + Centrifugal torque Scum is often pumped by sludge pumps; valves are manipu-

lated in the scum and sludge lines to permit this. In larger
plants, separate scum pumps are used. Scum mixers are
often used to ensure homogeneity prior to pumping. Air lift
pumps may also be used.
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4. Density and viscosity

Primary sludge
(high flow velocity)

 Centrifugal torque
flow vortex pump

Primary sludge
(low flow velocity)

« Diaphragm pump

- Progressive cavity
pump

+ Rotary-lobe pump

In most cases, it is desirable to obtain as concentrated a
sludge as practicably possible from primary sedimentation
tanks, usually by collecting the sludge in hoppers and pump-
ing intermittently, allowing the sludge to collect and consol-
idate between pumping periods.

The character of untreated primary sludge will vary consid-
erably, depending on the characteristics of the solids in the
wastewater and the types of treatment units and their effi-
ciency. Where biological treatment follows, the quantity of
solids from waste activated sludge, humus sludge from
settling tanks following trickling filters, overflow liquors
from digestion tanks, and filtrate return from dewatering
operations will also affect the sludge characteristics. In
many cases, the character of the sludge is not suitable for
the use of conventional non-clog centrifugal pumps, unless
the flow rate is high.

Chemical
precipitation

The same as for primary
sludge

Digested sludge
(high flow velocity)

+ Centrifugal torque
flow vortex pump

Digested sludge
(low flow velocity)

« Progressive cavity
pump

+ Diaphragm pump

+ High-pressure piston
pump

+ Rotary-lobe pump

+ Plunger pump

Well-digested sludge is homogeneous, containing 5-8%
solids and a quantity of gas bubbles, but may contain up to
12% solids. Poorly digested sludge may be difficult to handle.
If good screening and grit removal is provided, non-clog cen-
trifugal pumps may be considered, but a vortex pump will be
the best choice.

It may be necessary to choose an oversize motor.

Trickle-filter humus
sludge
(high flow velocity)

« Non-clog and centrifu-
gal torque flow vortex

pump

Trickle-filter humus
sludge
(low flow velocity)

« Progressive cavity
pump

+ Plunger pump

- Diaphragm pump

Sludge is usually of homogeneous character and can easily
be pumped.

Return or waste
activated sludge
(high flow velocity)

« Non-clog and centrifu-
gal torque flow vortex

pump

Return or waste
activated sludge
(high flow velocity)

- Progressive cavity
pump

Sludge is diluted and contains only fine solids so that non-
clog pumps may commonly be used.

Ground screenings

Pumping of screenings
should be avoided

Pneumatic ejectors may be used.
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5. Power supply

5. Power supply

5.1. Undervoltage and
overvoltage

Power lines are expected to deliver a specific voltage.
Near the low voltage transformer, there will often be an
overvoltage of 3-5%. When the power lines are loaded,
a voltage drop will occur due to ohmic resistance in pe-
riods of peak power consumption.

Most power lines are dimensioned so that undervolt-
age of more than -10% will occur less than once a year
at the weakest point. But many consumers still experi-
ence periods of considerable voltage drop.

Any motor will suffer if it does not receive the voltage
stamped on the nameplate. In case of voltage drop, the
motor torque will be reduced and the RPM of the loaded
motor will consequently be reduced, too.

As a result of this, the efficiency and induction resist-
ance of the motor drop. This will make the power con-
sumption increase, resulting in increased generation of
heat in the motor.

When a motor fully loaded by a centrifugal pump re-
ceives 10% undervoltage, the power consumption will
increase by approx. 5% and the motor temperature by
about 20%. If this temperature increase exceeds the
maximum temperature of the insulation material
around the windings, these will be short-circuited and
the stator destroyed.

This will only be the case if the motor is placed in a hot
environment and is badly cooled or in case of voltage
asymmetry, current asymmetry or voltage transients at
the same time.

Usually, increased winding temperature caused by
undervoltage will lead to faster aging of the insulation,
resulting in reduced life.

In case of overvoltage from the grid, the power con-
sumption and heat generation in the motor windings
will increase as well. Continuously running sewage
pumps exposed to overvoltage must have ball bearing
grease stable up to 10°C above the insulation class tem-
perature. This means that for insulation class F (155°C),
the ball bearing grease must be stable up to 165°C.

Amps
40 % A\

30 %

20 %

10 %

0 T T T T T T )

160 180 200 220 240 260 280 Volt

Fig. 42  Additional power consumption at voltage variations

5.1.1. Conclusion

1. Forvoltage variations of +6% to -10% of the rated
value, measured at the motor terminals, normal life
can be expected when the power consumption is
equal to or less than the full-load current stamped
on the nameplate and if the motor cooling is suffi-
cient and no transients or asymmetry occur.

2. For short/periodic voltage variations exceeding
+6% to -10% of the rated value, the reduction in life
will be moderate until undervoltage/overvoltage
variations are so considerable that the stator wind-
ings are short-circuited.

3. With permanent or long lasting voltage variations
exceeding +6% to -10%, the motor should be der-
ated or a bigger motor chosen in order to obtain
acceptable life and efficiency. A thermal overload
cut-out should also be fitted.

It is customary to derate a standard motor to ensure
long life if overvoltage or undervoltage of more than
+6/-10% can be expected at the motor cable entry.

Single-phase motors will often require capacitor adap-
tion when exposed to low voltage supply.

o
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5. Power supply

5.2. Current asymmetry

Low current asymmetry gives the best motor efficiency
and longest life. It is therefore important to have all
phases loaded equally.

Before measuring takes place, it should be checked that
the direction of rotation of the pump is correct, i.e. the
one which gives the highest performance. The direction
of rotation can be changed by reversing two phases.

The current asymmetry should not exceed 5%. It is cal-
culated by means of the following two formulas:

(%) = <|phase Ima>‘<_|average> x 100 [%]

average

I (%) = <|average_ phase min> x 100 [%]

Iaverage

The maximum value is used as an expression of the cur-
rent asymmetry.

The current must be measured on all three phases as il-
lustrated below. The best connection is the one which
gives the lowest current asymmetry.

In order not to have to change the direction of rotation
when the connection is changed, the phases must al-
ways be moved as illustrated.

Example
See diagram below and table overleaf.

L1 * L1
L2
3 ! 3
PE-=-—9-F T -|-- PE — = —¢—
[
Il

%=

Connection 1

o5

Connection 2

Connection 3

Fig. 43

Correction for current asymmetry for a 3 x 400 V, 30 A, 50 Hz submersible motor
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5. Power supply

Example (continued)

3x3

3x3

Connection 1 Connection 2 Connection 3
Stepl |U z 31A z 30 A z 29A
\% X 26 A X 26 A X 27 A
w Y 28A Y 29A Y 29A
Total 85 A Total 85 A Total 85A
Step2 |Average current: Total current _ 85+85+85 _ 283 A

Max. amps. difference from average:

Connection1=31-283=27A

corresponds to a voltage unbalance of 1-2%.

Step 3 Connection2=283-26=23A
Connection3=283-27=13A
% unbalance: 2.7
Connection 1 = m x100 = 9.5 % - no good
Step 4 Connection 2 = 2—28% x100 = 8.1 % - no good
Connection 3 = =] x100 = 4.6 % - ok
28.3
If the current unbalance is greater than 5%, the power company should be contacted. As an alternative,
a derated or industrial motor protected by a CU 3 should be used.
Step 5

On the remote control, you will be able to read the actual current asymmetry. A current unbalance of 5%

Even a small voltage unbalance gives a large current un-
balance. This unbalance, in turn, causes uneven distri-
bution of heat in the stator windings leading to hot
spots and local overheating. The key results are illus-
trated graphically below.

Current unbalance
% %

Increase in winding temp.
In hottest phase

60 100

50 30 4
40 1
60
30
40
20

20 A
10

0 1 1 I 1 0 I I I I
0 2 4 6 8 % 0 2 4 6 8 %

Voltage unbalance Voltage unbalance

Fig. 44 Relation between voltage and current unbalance and
temperature

5.3. Voltage asymmetry

Power lines are expected to deliver the rated voltage on
all three phases. Near the low-voltage transformer, this
will often be the case.

When the power lines are loaded, all single-phase appli-
ances should be distributed evenly between all three
phases in order to avoid voltage drop on a single phase.
As single-phase appliances often operate ON/OFF, they
may cause unbalance on the grid. Unbalance can also
be caused by asymmetrical transformer stations as well
as asymmetrical distribution lines or worn or coated
contactors. In case of unbalance on the grid before the
motor is connected, the supply board should be con-
tacted. A motor seldom loads all phases equally; it is
therfore often possible to compensate for the unbal-
ance by connection the winding using less current to
the phase with the lowest voltage.

o
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5. Power supply

5.4. Frequency

The frequency should always be kept at the nominal
value. If the frequency is higher, the pump may over-
load the motor. If the frequency is lower, the pump per-
formance will drop.

5.5. Voltage transients

Power lines are supposed to deliver sine shaped waves
on all three phases. The sine shaped waves produced at
the power station are added to the transients in the dis-
tribution system.

Transient sources:

Frequency converters without filters
Soft starters

Contactors for big machines
Capacitors for process machines
Lightning

A wWN e

5.5.1. Frequency converters without filters

Modern frequency converters with an LC or RCfilter can
be protected so that they do not produce voltage peaks
above 850 V in connection with cables of up to 100 m
between frequency converter and motor. This is fully
acceptable and any Grundfos motor with correct rating
and cooling will have an acceptable life.

Frequency converters of the PWM type (Pulse Width
Modulation) without an LC or RC filter yield an output
voltage which differs much from the ideal sinusoidal
curve with transients of 850-1200 V, measured at a
cable length of 1 m, depending on the make. These
transients will increase with increasing cable length be-
tween frequency converter and motor. At 200 m, for in-
stance, the transients will be double at the motor cable
plug, i.e. 1700-2400 V. The result will be a reduction of
the motor life. Because of this, frequency converters
must at least contain an RC filter to ensure optimal
motor life.

5.5.2. Soft starters

A soft starter will absorb a non-sinusoidal current and
give rise to a certain grid noise. In connection with very
short acceleration/deceleration times, this is of no prac-
tical importance and does not conflict with regulations
concerning grid noise. If the start-up time is longer than
three seconds, the non-sinusoidal transients will over-
heat the motor windings and consequently affect the
motor life.

5.5.3. Contactors for big machines

Big machines starting DOL or in star/delta connection
may create sparks and send considerable transients
back to the grid when the contactors are opened. These
transients are only a threat to a submersible motor on
very weak grids.

5.5.4. Capacitors for process machines

Process plants may contain complicated controls with
many and big capacitors which send transients back to
the grid. Transients are only a threat to a submersible
motor if the grid is very weak.

5.5.5. Lightning

A severe stroke of lightning directly on a well installa-
tion, starter or power supply will generally destroy all
living organisms and all electrical installations. The
transients from such a stroke of lightning will be at
least 20-100 kV and the generation of heat enough to
melt the insulation materials.

Lightning striking a high-voltage grid will generate
transients which will partly be absorbed by the light-
ning arresters at the transformer station and be led to
earth.

If a low-voltage grid is hit directly by lightning thereis a
risk of transients of more than 10-20 kV at the pump
motor starter.

If starter and motor are not correctly protected by light-
ning arresters and earthing, the installation may be
damaged, as it is installed in electrically conducting
groundwater, which is the best kind of earthing there is.
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6. Liquid temperature

6 . |_ I q u I d «© Lowest water level
above inlet at pump stop
temperature B NP1 [ S R
p 0.50m
S 50 — —o75
A standard cast iron wet-installed drainage, effluent, 2 >m
sewage or grinder pump can operate fully submerged g
in a liquid which is 40°C if the following items are as € 60
specified for the pump in question: S Max temperature
g_ for cable HO7RN
1. Power supply - 7 ' ﬂ
2. Number of starts/stops — — 150 WM)@
3. Pump flow 80 Y
4. Running time for intermittent duty 10 075 050 025 00
Derating factors

If the liquid temperature increases to 50°C for more
than five minutes of operation, the motor life will be Fig.45 Derating
shortened due to
1. reduced ball bearing life A derating factor of 0.5 means that an 11 kW motor is
2. reduced winding insulation life to be equipped only with an impeller requiring a 5.5 kW
3. reduced motor cable life motor. With a higher load, a reduced motor life is to be

expected.
For hot liquid applications with a reasonable service
life, it may be necessary to do the following: 6.1. External cooling
. The motor must be derated. With all these precautions required to maintain a nor-

mal pump service life, one might instead consider the
. Aheat resistant cable must be fitted or the existing use of a cooling jacket, provided cold water is available.

cable derated. o .
In case of liquid temperatures above 60°C for periods of

. Service checkup intervals must be halved and the more than one hpur, cooling jackets with connections
ball bearings replaced more frequently. for external cooling water should be used.
- The inlet pressure must be increased. Cooling jackets with connections for external cooling
water are used in submerged installations if the pump
- All cast iron parts must be protected with a coating is not completely submerged during periods of continu-
of wear resistant epoxy or paint. ous operation.

Relays and timers must be built into the control system
to control a cooling water solenoid or motor driven
valve during start/stop procedures.

v
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6. Liquid temperature

B A
Solinoljd 'valve olr 22 Pump submerged
motor driven valve 20 in 80°C hot liquid
18] —> Submerged
Flexible hose L in 60°C hot
= 16 liquid
2 14
8 ]
T o124
£ 10k
2o — — — —
S 101 z
%D 0.8 Dry-installed pumps
S 06l (> 40°C liquid temp.)
So
S
04
0.2
| S
0 7
ing i 20 40 60 80 100 120 140 kW
Cooling jacket Motor power P2
Fig. 47  Required external cooling water flow

at maximum 20°C

6.2. High-temperature
cable derating

Fig.46 Installation with external cooling water Cable type HO7RN-F PLUS HO7RN
Insulation NR/SR NR/SR
The cooling water removes the heat which is developed material
in the motor during operation. A timer ensures that the Ambient liquid Correction Correction
cooling water continues to flow even after the pump temperature (°C) factor factor
has stopped. In order to ensure that the motor temper-
ature will never exceed the liquid temperature, cooling 10 130 129
water flows for 5 seconds for each kW motor power. 15 125 122
In addition to the cooling water, the pump needs 20 1.20 1.15
+ aderated or heat resistant cable 25 115 1.08
30 1.10 1.00
 increased inlet pressure
« 1m at60°C 35 1.05 0.91
- 1.5mat 80°C 40 1.00 0.82
- protection of all cast iron components by a coating 45 0.90 0.71
of wear resistant epoxy or paint 50 0.80 0.58
55 0.70 0.41
60 0.60 -
65 - -
70 - -
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/. Pump sump

/. Pump sump

7.1. Layout of pumping station inlet

7.1.1. Gas/air/wave effects

Pump operating problems are frequently caused by en-
trainment of air and the formation of eddies in the
liquid when it splashes into the pit.

Air in sewage water has a tendency to remain there for
a long time because air bubbles will stick to the solid
particles in the liquid.

The liquid inlet splash velocity is a function of the fall
height. Direct fall should always be minimized and if it
is more than one metre, an impact breaker should be in-
stalled (Fig. 48).

In addition, pumps should be installed at a depth low
enough to avoid vortexes from the pump inlet sucking
air in from the water surface (Fig. 49).

Vortex

h is the necessary water depth to
avoid air vortex problems.

his normally minimum 0.5 m,

depending on pump type and size.

Impact breaker
mounted on pump.

Impact
breaker
mounted

oninlet

Fig. 48 Location of impact breaker

Fig. 49  Minimum submergence to avoid vortexes

o
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7.1.2. Calming chamber

«Standard available sewage equipment used.

«Shortest construction time.

/-\ | |4

Impact
breaker

Impact
breaker

Fig. 50 For inlet flows bigger than 50 I/s and up to 200 I/s, a calming chamber or pit should be considered.

The solution above is often practically and economically + ashut-off valve can be installed
the best as
« mechanical impact on discharge components and
+ extra and often necessary effective volume is guide rail is reduced.
obtained
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7.1.3. Dry pit installation (see also chapter 8)

X
yx)é(xK)(x»(xx
teael

ya| | A 4
X 3 ]
4 D1 ]
M 9
o X
N
X <]
] D1 ]
M 3 %
o i X
\ X « X
) ] A K]
Y
| G X
N
X >< %
< D K
N M
Y : ;
N
] x|
A A N
N A
] 4
— D
]

Fig. 51

For inlet flows between 50 and 200 I/s, dry pit installations should be considered. They are often more expensive to
construct, but allow much quicker access for servicing or in case of failure. This is especially so as the weight of the

pump is far above 100 kg and manpower is not sufficient so that a powered lift is required.

o
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7.1.4. Deceleration stretches

L

Fig. 52  For peak inlet flow greater than 200 I/s, a non-splash widening deceleration stretch may be considered to absorb

the energy of the incoming water, to avoid turbulence vortexes and frequent repair and replacement of worn concrete
slabs and other equipment. A wave breaker is often required to calm the water of the level control zone.

If the peak inlet flow exceeds 200 I/s, the local authori-
ties, a technical adviser or the pump supplier should be
contacted for advice about the best pit design.
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7.1.5. Multiple pump pit

[ i . 30°%

Fig. 53  Pumping station design for several submersible pumps and large flows.
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7.2. Sizing of pump sump

When starting a pump, a lot of heat is developed in
stator and rotor.

Is/1y
7

HEEEEEEN

Direct-on-line starter
6 B

\ Star)DeIta starter
5

\ /
4 l“'
- _ Soft starter
2] N A
N \ N

1 J XX IX\_¥ Ry

S

AT AN L[ A [ |

Py ormal heat development

Time

Fig.54 Development of heat during startup

When exposed to this "overheating", the motor needs a
normal operating and cooling period before the next
start, because the pumps have been designed for inter-
mittent operation with a maximum of 20 starts per
hour. Long periods with a higher starting frequency will
affect the service life.

7.2.1. starting frequency and

pump capacity of pumping station
In a pumping station the water volume comprises the
volume below the lowest pump stop level and the
pumpable volume above this level, fluctuating with
pump usage and incoming flow rate. The starting fre-
quency of the pumps depends on the available pump-
able volume and the incoming flow rate.

The starting frequency Z is a function of the ratio be-
tween Q;,/Q and V,, where

Q;, =incoming flow rate (I/s)
Q = pump capacity (I/s)
V,, = accumulated (pumpable) volume

between start and stop (m?)

Z[%] Zmax = 20 starts/hour

100 —0—
80 /,/ \\\
60 A

ol A\
L/ \

Qin/Q

Fig. 55 Starting frequency curve Z for a single-pump

pumping station as a function of the ratio between
incoming flow rate Q;,, and pump capacity Q.

Note that when the maximum inflow is equal to the
pump capacity, the pump runs permanently. When the
actual pump capacity for single-pump operation is
equal to maximum peak inflow, Z,..,, will always appear
when the inflow is half the pump capacity.

_0x3.6

max = 7 v, (Zmax = maximum starts per hour)

By isolating V,, we get:

v, = Qx3.6
4xZ oy

Example

Q =101I/s

Z,.x = 20 starts/hour

Necessary minimum accumulated volume between
start and stop:

_10x36_

- 0.45 m3
4 %20

With two alternating pumps, V,, can be halved.

o
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Vi [m]
1000 —
V4
/
/ a; /
////’//
100 7
7 % 77
l/
Al V¥V 1/ “
Zmax A ;/ /,4/: U
21 |y Y/
10 / 4/1 { //é //
I/l ,116).0 '/;I(; va
.4 _
7712154207
A :]? A2
.
1 / // 4 /,4/ //
222
A LA
/'1/1/ /
Y vV, '/
Z2%
0.1
2 10 100 1000 2000
Q [I/s]
Q  =pump capacity [I/s]
Znax = maximum starting frequency [1/h]
V,, =accumulated volume between
start and stop [m?]

Fig.56  Nomogram for the determination of the
accumulated volume V,, between start and stop
for a single-pump pumping station

Note

In practice there may be situations where the incoming
flow to a pumping station is very small and only mo-
mentary, for instance in pumping stations serving only
a few households. In such cases, the pump capacity is
selected much larger than Q,, in order to attain a flow
velocity in the rising main high enough to prevent sedi-
mentation. In this situation the Q;,/Q ratio remains
small, and the Z,,,, value is not reached at all or only
very seldom.

In installations where expected maximum incoming
flow Q;, is less than 60% of the selected pump capacity,
the accumulated sump volume is chosen in such a way
thatthere will be at least two pump starts a day in order
to prevent sedimentation in the sump.

Example
Sump volume (V,)
[m?]
Single-family house 0.1
Two-family building 0.15
Four-family building 0.2
Eight-family building 0.25

The above effective sump volume will normally ensure
a pump start after morning toilet visit and shower and
again after preparation of dinner.

Minimum total effective sump volume

6 pumpsin | 4 pumpsin | 2 pumpsin |Single pump
parallel parallel parallel 0.,/0<1
alternating | alternating | alternating
operation | operation | operation
(factor 0.2) | (factor 0.25)| (factor 0.5)
O_in/O_ <1
v, = -Qx36 |\ _ Qx36 [, _ Qx36 |, _ Qx36
24 X Z o 16 X Z 8 X Zax 4xZax

7.2.2. Permanent duty

Standard drainage, effluent and sewage pumps are de-
signed for a maximum of 20 starts per hour and 3000
hours’ maximum operation between major overhauls.

For some industrial applications, permanent duty is re-
quired. This will result in more than five times the usual
running hours per year. These pumps are to be serviced
every 3000 hours of operation. At these intervals, the oil
must be changed and all wear parts checked and re-
placed if tolerances have been exceeded.

For permanent duty, the preferred pump types are

+ special-designed heavy duty pumps with
4-pole or 6-pole motors

+ vortex pumps with lightweight impeller

- semi-open multi-vane impeller pumps

o
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7.2.3. Intermittent duty of submersible If, however, the relation between pump sump volume,
pumps in dry installations inlet flow and pump capacity is perfectly matched, it is
(air cooled) possible to install ordinary air-cooled sewage pumps.

The calculations for this arrangement are complicated.
If the installation is designed in accordance with the fol-
lowing diagrams, a long service life can be expected.

For dry installations, a liquid cooled cooling jacket is al-
ways to be preferred.

34 68
“ “‘ Tank inlet flow (1/s)
2.3 4

5 6 7 8 9 1011

0 2 4 6 8 1012 14 16 18 20 22 24 Q(I/s)
Pump capacity

Fig. 57  APL: One 400-litre tank and one air-cooled duty pump

‘
f_l.!' I |||

34 6 1015 20 30 connected flats
) w ‘ ‘ ) ‘ Tank inlet flow (I/s)
0 1 213 45[6 7 8 9 1011

0 2 4 6 8 1012 14 16 18 20 22 24 0 (I/s)
Pump capacity

Fig. 58  APLD: One 400-litre tank and two air-cooled alternating duty pumps
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“ ‘ ‘ ‘ ‘ ‘ ‘ Tank inlet flow (I/s)

475 7 8 9 10 11 12 13 14

= Not possible
Disturbance at tank inlet

6 8 10 1214 16 18 20 22 24 26 28 30 O (I/s)
Pump capacity

Fig. 59  APLD/2: Two 400-litre tanks and two air-cooled alternating duty pumps

(e
e 4
T inlet pi 'V
WO Oor more Inlet pipes
040 50 75 H(& required to the tanks
* # # Y Tank inlet flow (I/s)
6 7 8 9 10 1112 13 14 151617
12 14 16 18 20 22 24 26 28 30 32 34 36 O (I/s)
Pump capacity
N

Fig. 60 APLD/2 plus: Three 400-litre tanks and two air-cooled alternating duty pumps. Two or more tank inlet pipes required.
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7.3. Auto-coupling sealing

Avoid using auto-couplings with a metal to metal seal
surface at the discharge as this will result in a flow loss
of 3-10%, depending on the discharge pressure. This
means extra power consumption, reduced self-cleans-
ing of discharge pipe and constant wear of the coupling
surfaces.

The auto-coupling should have a 100% effective sealing
consisting of a built-in L-seal or a pressure backed up
membrane seal. This will improve the operating econ-
omy considerably. With this type of seal, however, it is
important not to lower the sewage level so much that
air will enter the pump as it cannot get out.

Fig. 61  Energy saving discharge connection
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8. Dry pit installation

8. Dry pit installation

The number of dry pit pump installations has gone up
year by year. For this application, Grundfos wastewater
pumps are being increasingly used, although originally
developed for submerged use.

Main reasons for choosing Grundfos pumps for dry pit
installations:

Thoroughly tested, reliable pump
Compact design

Option of internal cooling
Flood-proof

b

However, submerged wastewater installations are still
the commonest. When old pump installations are refur-
bished or upgraded, they are often changed into a dry
pit type. Compared with submerged pump installa-
tions, dry pit installations require a different design ap-
proach described below in respect of aspects such as
vibration, noise, cavitation and inlet arrangements.

8.1. Vibration and noise

One of the major advantages of submerged installa-
tions is that the liquid helps to reduce vibrations and
noise.

In case of dry pit pumps, you have to be extra careful
with the design of the complete pump installation. A
rotating machine will always be a source of noise.

Generally, in dry pit installations, a pump should be
chosen whose duty point is within 50-125% of the flow
for optimal efficiency. In this range, noise from the im-
peller, cavitation and other sources is minimized.

The most usual installation for dry pit Grundfos pumps
is a rigid installation. In some cases, however, it is nec-
essary to isolate the pump from the foundation and
piping. This can be done by introducing anti-vibration
feet between pump and foundation and a flexible
flange connection between piping and pump inlet and
outlet.

8.2. Cavitation
8.2.1. Net Positive Suction Head, NPSH

The positive head required on the suction side of the
pump to secure safe operation in terms of cavitation is
determined by the NPSH curve. When the pump is
moved from the sump and a suction pipe is introduced,
two points should be considered: firstly, the losses in
the inlet pipe will cause a head drop which the pump
will witness as a drop in suction head. Secondly, the
level difference between sump and pump inlet.

See chapter 3.3 for a more detailed description of the
subject.

8.3. Suction pipework:
dimensions and design
Design and dimensioning of the suction pipe is impor-

tant to avoid vibrations, reduced pump efficiency and
risk of cavitation.

The suction pipework should be dimensioned so that
the flow velocity does not exceed 2.0 m/s for vertical
pumps and 2.5 m/s for horizontal pumps.

he [/—T*
D, *
Reducing
bend
Fig.62 Recommended installation dimensions for vertical

dry pit submersible pumps.

F> 0.5 x D; and minimum equal to free passage of
pUMP, Vimay = 2.0 m/s, min. start level G > Dy,
L>Dg+ 100 mm,R~L.
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(-DZ

Eccentric

Fig. 63 Recommended installation dimensions for

horizontal dry pit submersible pumps.
F > 0.5 x D; and minimum equal to
free passage of pump, Vina = 2.5 m/s

Recommended suction pipe inlet designs are shown in
Figs. 62 and 63. The downward suction exerts a sucking
effect on the pit floor, and is less prone to suck air from
the surface.

In vertical pumps, the suction pipe will have to turn 90°
to reach the pump inlet which will lower the pump effi-
ciency because the flow around the perimeter of the
impeller eye will be uneven. If the pump inlet dimen-
sion is smaller than the suction pipework, a reducing
bend is recommended. The increasing flow velocity in
the reducing bend will alleviate the disadvantage of the
bend and the pump will run more smoothly.

The narrowing of the straight inlet pipe to a horizontal
pump should be eccentric so as to avoid air from collect-
ing and possibly blocking the impeller.

An inlet design with unfavourable flow characteristics
may cause a pressure drop large enough to use up the
available NPSH and lead to pump cavitation. The re-
commended NPSH margin should be observed in instal-
lations where the suction pipe geometry gives reason
for concern. See 8.3.1. concerning how to reduce inlet
losses.

8.3.1. Inlet bells

Inlet bell mouth

To accelerate the flow smoothly into the inlet pipe and
reduce inlet losses, the inlet should be provided with a
bell mouth. Sump and intake should be designed to
avoid build-up of sediments.

Bell diameter
The bell diameter (D;) should be chosen to keep the inlet
velocities as follows:

Q<3001/s 0.6<v<28m/s

300<Q<12001/s 09<v<24m/s

Q>12001/s 1l2<v<21lm/s

Optimum velocity: 1.7 m/s

At the optimum velocity of 1.7 m/s, the following for-
mula can be used for calculating the bell diameter (D):

D, = 0.027 x ,/Q (m)

where Q = pump flow rate in |/s.

>
/

7

Y

-
e =)

R =
s

v RN
— G
B
Dj
—H(

>V

Fig. 64 Recommended installation dimensions for suction
pipes in sump (An,n = 1.5 x D;and By, = 3 x D))
Stop levels

The stop level setting for dry-installed pumps is de-
pendent on suction pipe inlet height, shape and flow
velocity. 200 mm above the suction pipe inlet is a good
rule-of-thumb for this height, and useful for the de-
signer. The shape of the suction pipe inlet is important,
and good designs are shown in Figs. 63 and 64. For this
inlet shape a provisional pump stop level height can be
calculated using the following formula:

h, = 0.2+0.04x.J/Q

where
h = stop level height, m
Q = pump flow rate, I/s
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8. Dry pit installation

In pumping stations with several different stop levels,
such as in frequency-controlled installations, it is im-
portant to program the control sequence to pump
down to lowest stop level at least once per day to clean
out the bottom.

Start levels

In pumping stations with dry-installed pumps the start-
ing levels have to be set above the pump casingin order
to ensure that the casings fill up when the pumps start
pumping. For vertical pumps, this height may be con-
siderable and should be set with a margin according to
Fig. 62.

General rules

Although an inlet pipe for a dry pit pump acts as a flow
straightener, it can in itself cause unsteady flow. Where
bends have to be introduced where for example a verti-
cal pump or a bell parallel to the sump floor is used,
such bends should be selected with care to minimize
disturbances to the flow.

Smooth bends are always preferred to sharp ones. As a
general rule, 5-10 pipe diameters of straight pipe be-
tween bends and between bend and pump are required
to reduce the disturbances. This, however, is often not
practicable.

8.4. Pumping station internal
pipework

The internal discharge pipework in a pumping station
should be selected for a flow velocity of 2-3 m/s. The
pressure pipework should have a dimension of at least
100 mm but can be 80 mm in small pumping stations,
provided that the pump free passage is 80 mm or less.

In multi-pump installations, the pump discharge pipes
should be joined by branches designed to prevent
settling of solids into the individual pipes when the
pumps are not running, which may lead to valve block-
age. Good branch designs are shown in Fig. 65.

Fig. 65 Discharge pipework branch design. The design

should emphasize smooth transition and prevent
rising main sludge from settling on valves in pump
risers when the pumps are stopped.

8.5. Importance of duty point
and problems with off-duty
pumps
To achieve the best possible pump operation and to
minimize disturbances from the pump in the system, it

is of great importance to select the correct unit for the
duty point in question.

Some of the factors are examined overleaf.
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8. Dry pit installation
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Recirculation causes unstable operation of the pump which
creates a rumble or banging low frequency noise. Cavitation can
cause cavitational erosion which may affect the performance.

+  Higher NPSH,, is required than at Q4

+  High radial forces compared to Qg

Fig. 66

Factors affecting pump performance

8.6. Vibrations

8.6.1. Introduction

Vibrations from machinery and other equipment can
have serious consequences. Knowledge of the phenom-
ena involved, together with design rules for pump in-
stallations, are necessary to reduce these unwanted
effects and pump installations can be designed to
achieve this.

Whenever machinery with rotating parts is used, vibra-
tions occur. The designer’s goal is to keep these vibra-
tions within accceptable levels, particularly at points
where they can affect the performance of the equip-
ment. Consequences to be avoided include fatigue fail-
ures, noise and wear.

8.6.2. Disturbances
The most common disturbances resulting in unwanted
vibrations in submersible pumps are listed below in
order, with the most likely first.

- Imbalance in rotating parts

« Hydraulic forces caused by the volute

« Hydraulic forces caused by a single-vane impeller

Force

A

Rotating force

Static force

>

0 50 100 150
Flow % of Q,om

Fig. 67  The magnitude of the forces is dependent on
the duty point
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8. Dry pit installation

« Hydraulic forces that occur when a vane passes
through zones of uneven pressure in the volute.

- Pressure impulses caused as the impeller vanes
pass guide vanes.

« Other vibrational disturbances often come from
the electric motor; they may cause noise, but are
normally harmless in their impact on the struc-
ture involved.

8.6.3. Installation
Vibrations can be kept at acceptable levels if a number
of general rules are followed.

All parts of a system should be sufficiently stiff and
firmly anchored so that the primary disturbances have
frequencies below the lowest natural frequency of the
system. The entire system must be considered, includ-
ing piping, valves, pump, support etc.

Fig. 68  Typical anchorage points

The pump can be insulated from the structure by:

« Including a base of adequate mass, at least twice
the mass of the rotating parts.

« Anchoring the pump firmly to the base.

- Using a flexible support, e.g. anti-vibration feet or
a rubber mat between base and floor.

« Using flexible joints for the pipes.

« Anchoring the pipes to floor or other solid
structure.

Fig. 69  Ways of minimizing vibrations

Because vibrations are independent of gravity, horizon-
tal supports should be provided since they are as essen-
tial as vertical supports.

Fig. 70  Horizontal anchorage

Heavy parts of the piping, like valves, must be properly
supported.

The piping must be anchored if bellows are used. Bel-
lows between pump and pipe can transform pressure
fluctuations into disturbances, causing severe vibra-
tions in the piping.

o
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8. Dry pit installation

8.6.4. Anchoring distances

To avoid vibrations in the piping system, varying dis-
tances between the anchoring points are necessary.
The maximum distances between the anchoring points
should be as follows:

Ly L, L,
<l <>
L,=DNx 14
L,=DNx 16
where
L = max. distance between anchoring points

DN = nominal pipe diameter

8.6.5. Variable speed drive

The use of a variable speed drive can excite a broader
range of frequencies. If problems with high levels of vi-
bration occur, one should scan the frequency range in-
volved to see if any peaks occur. If so, the installation
has natural frequencies that are being excited and the
installation should be altered or certain speed ranges
avoided.

8.6.6. Conclusion

Unwanted vibrations in installations with machinery
like pumps can be avoided or reduced to acceptable lev-
els if certain practices are followed. Any improvements
must be based on an understanding of the phenomena
involved. Proper anchoring at correct positions is vital.
With flexible installations the mass ratio, (total to ro-
tating mass), must be high enough to ensure low vibra-
tion levels. If a variable speed drive is used, it might be
necessary to avoid certain speed ranges.
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9. Grinder pump application

9. Grinder pump
application

When pumping sewage at a flow less than 4-5|/s at a
required pump head higher than 5 m, a grinder type of
pump should always be considered for the following
reasons:

It has alow-weight, semi-open multi-vane impeller.
Compared with heavy 70-80 mm free passage
single-channel impellers, this leads to reduced
vibration and bearing load when lumps of solid
matter disturb the balance.

 Cuts solids up into pieces of maximum 10 mm.
These float better than big ones and are less likely
to block the sewage pipe during periods of low
flow.

+ Mixes inlet solids better at low flow due to the pre-

rotation developed by the special cutter at the inlet.

For discharge pipe sections which are only flushed at
low flow, check that the effective sump volume and the
pump discharge flow are big enough to create self-
cleansing flushing during the pumping cycle and small
enough to ensure at least two pump starts per day in
order to avoid sedimentation in sump and discharge

pipes.

A few rules are to be observed for successful grinder
pump operation:

1. When all grinder pumps connected to the same
manifold or common discharge pipe are in opera-
tion, none of these must exceed the acceptable
pressure for the actual pipe.

2. When all grinder pumps connected to the same
manifold or common discharge pipe are in opera-
tion, the vertical pipe from each pump must have
self-cleansing velocity.

3. The common horizontal discharge pipe or manifold
should be flushed at self-cleansing velocity by
simultaneous running of a sufficient number of
pumps at least twice a day in the dry season.

Fig. 71  Typical grinder pump layout

Grinder pumps with a DN 65-80 delivery pipe discharg-
ing to a gravity pipe or collecting pit are the ideal solu-
tion for summer houses, vacation areas, single-family
houses, beach entertainment installations, sporting fa-
cilities, etc.

Independent of the activity level, this sewage system
will always be self-cleansing.
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10. Discharge flow velocity

10. Discharge
flow velocity

10.1. Minimum

Minimum water velocity in the discharge pipe from
pumping stations is determined by the pumped liquid
and the kind of pump cycle used.

In grinder pump and sewage pump discharge pipes pro-
tected by a sand trap, a flow velocity of 0.5 m/s is suffi-
cient to obtain self-cleansing when the volume of the
pump sump allows complete replacement of the con-
tents of the discharge pipe during one pump cycle daily.
Otherwise, a velocity of 0.7-0.8 m/s is required.

Ordinary mixed sewage which may contain sand re-
quires a velocity of 0.7-0.8 m/s to ensure self-cleansing
when the volume of the pump sump allows complete
replacement of the content of the discharge pipe dur-
ing one daily pump cycle. In other cases, a velocity of 1
m/s is required.

Minimum
Application velocity
[m/s]
Grinder pumping with complete
replacement of the liquid in the 0.5
discharge pipe
As above, but with only partial
replacement of the liquid in the
discharge pipe.
0.7-0.8

Mixed sewage with complete
replacement of the liquid of the
discharge pipe

Mixed sewage with small pump sump
and only partial replacement of the 1.0

liquid of the discharge pipe

In the case of parallel pump operation, it is desirable to
discharge a sufficient volume of water through the sys-
tem during each daily pumping cycle to ensure com-
plete replacement of the contents of the discharge pipe.
This is achieved either where the pump sump volume is
adequate or where the daily peak inflow is large
enough to keep several pumps operating simultane-
ously. Where such complete replacement cannot be

achieved, it is advisable to have a minimum flow of
1m/s.

In the case of a large volume discharge pipe and piping
more than 1000 m long, the flow velocity should be as
low as possible before switching off the last pump in
order to avoid excessive water hammer; however it
should not be less than 0.7 m/s (see chapter 11).

10.2. Maximum

The maximum flow velocity in discharge pipes is lim-
ited both technically (max. 5 m/s) and economically
(max. 1.0-1.5% frictional loss is acceptable).

The distribution of total costs of a pump system over a
10-year period could typically be as follows:

Initial costs: 20%
Service/repair: 30%
Power consumption: 50%

The initial costs are heavily influenced by the size of sol-
ids the system must be able to handle. Using a system
which is able to handle solids of a diameter of 100 mm
as base (100%), an increase of the size of solids to 130
mm will result in an increase of initial costs to approx.
160% as this will require not only bigger pumps, but
also bigger sump, pipes, bolts, motor, etc. Furthermore,
the minimum flow requirement must be observed. On
the other hand, a decrease of the diameter of solids to
80 mm will reduce the initial costs to approx. 65%.

The cost of power consumption is heavily affected by

« energy price

« annual running hours

. efficiency of pumps and motors
« friction loss in pipework

For small domestic sewage pumps, the annual running
time will often be as low as 20-50 hours which makes
the cost of energy a minor issue.

For pumps with an annual running time of more than
500 hours, the cost of energy to overcome friction
losses becomes of major importance.

The diagram overleaf shows guidelines for optimal ve-
locity at intermittent and constant duty respectively at
two different levels of energy prices.
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Fig. 72 Velocity for pump selection

10. Discharge flow velocity

10.3. Launcher

In order to reduce the development of hydrogen sul-
phide in deposits in discharge pipes and to ensure
proper system flow including low friction loss, all
pumping stations should include a launcher, i.e. a place
in the installation through which a cleansing pig or
sponge can be inserted into the pipe system.

Launcher

Fig. 73  Launcher

Annual sponge cleansing will remove the bad odours
arising from hydrogen sulphide and methane and will
remove pockets of gas from the highest points in the in-
stallation.
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11. Water hammer

11. Water hammer

Direct-on-line and star/delta pump starts as well as
pump stops can result in water hammer in large pump
installations. In many cases, water hammer is the most
severe impact which the pressure pipe is exposed to.
Many pipe bursts are caused by water hammer. Often,
seal rings have been worn out or displaced by water
hammer as water hammer also creates vacuum. The
phenomenon is often not discovered till there is a noise
problem. It is possible to make an estimate of water
hammer by means of a PC program.

This chapter gives a description of what can typically be
observed in the pressure pipe of a sewage pump during
starting and stopping. The figure below shows the lon-
gitudinal profile of a discharge pipe at a pumping sta-
tion equipped with two alternating operational sewage
pumps and one spare.

Example (approximate figures)

Level Geodetic lift: 32.4 m
A Point for measuring i
30 of pressure
2 pumps: \
201 Q=1401/s
H=41m

10 ‘
Point for measuring
of pressure

0 1000 2000 3006m
Length

9400 mm PVCTNG6, L =2942 m

Fig. 74  Longitudinal profile of pressure pipe

Common starting signal for the two pumps, where
pump No. 2 is started six seconds later than pump
No. 1 in order to reduce the starting current.
Common simultaneous stop signal.

Duty point P, + P, =140 1/sat 41 m.

Pressure against closed valve: 55m

Non-return ball valves: DN 200

As the sewage water contains gas it can be compressed
somewhat.

DN 400, PN 6 bar PVC pressure pipe with a velocity of
propagation of the pressure wave of 250-350 m/s.

Friction loss at 140 |/s: 12m

Velocity at 140 I/s: 1.3 m/s

Minimum velocity for self-cleansing is 0.7 m/s equal to
75 |/s during continuous operation. However, this in-
stallation has an effective sump volume of 8,000 1 and a
discharge pipe volume of 330,000 I. A pumping cycle
therefore replaces about 2.5% of the volume of the dis-
charge pipe. For self-cleansing reasons, the flow veloc-
ity should therefore be not less than 1 m/s if no detailed
calculations have been made.

The frictional resistance when pump No. 1 is running
alone at 84 1/s will be 4.4 m at a flow velocity of
0.75m/s.

This means that single-pump operation is not possible
unless the discharge pipe is cleansed by means of a pig
or sponge approx. twice a year.
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11. Water hammer
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Fig. 75  Pressure in discharge pipe at pump
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Fig. 76  Pump performance at single-pump and
twin-pump operation

Observations during pump start (see Figs. 75 & 76)

1. Start of pump No. 1 (see "1") does not result in a
flow of 84 |/s as could be expected, but only 55 I/s
(see "1") as 17 m head is used to accelerate the
330,000 litres of sewage in the discharge pipe from
zero to 0.4 m/s.

2. After a delay of six seconds, pump No. 2 starts (see
"2"). This does not result in a flow of 140 |/s as could
be expected, but only 60 I/s as 20 m of the pump
head is used to accelerate the 330,000 litres of sew-
age in the discharge pipe from 0.4 t0 0.7 m/s.

3. Approx. 20 seconds after the first pump was
started, the pumps have accelerated all 330,000
litres of sewage to a velocity of approx. 1 m/s (see
"3"). After this phase, the pressure drops. This
decrease is disturbed by the water hammer from
the starting of pump No. 1 with a delay of approx.
25 seconds.

4. Approx. 25 seconds after the start of pump No. 2,
the resulting water hammer can be seen (see "4").

5. Approx. 45 seconds after the start of pump No. 1, all
330,000 litres are accelerated to a velocity of
1.3 m/s, equal to 4.7 km/h. As expected, the per-
formance of the pumps is approx. 140 1/s. The
pump pressure is constant (see "5").

Comments on water hammer after startup:

+ No water hammer has been higher than the maxi-
mum value of the pressure pipes (PN 6 bar).

« The water hammer caused by the starting of pump
No. 2 could have been reduced to the level of pump
No. 1, if it had been postponed by 10 seconds. In
that case, pump No. 1 would have accelerated the
water to 0.75 m/s where the pressure at the lower
measuring point would be 34 m when pump No. 2
is started.

« Item 4 above is of minor importance as the content
of gas in the water is high. This will absorb the main
water hammer during startup.

70 seconds after the start of pump No. 1, 8,000
litres will have been removed from the pump sump
and the common stop level control is activated and
both pumps are switched off. Only 2.5% of the con-
tents of the discharge pipe has been replaced dur-
ing this pumping cycle. To avoid sedimentation at
the lowest points of the discharge pipe, the flow
velocity must be at least 1 m/s. The discharge pipe
should be prepared for insertion of a cleansing pig.
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11. Water hammer

Observations after pump stop (see Fig. 75)

When the pump stops, the 330,000 litres of sewage
(see "6") will try to continue at a speed of 1.3 m/s.
This will create a vacuum at the lower end of the
discharge pipe. This will force the non-return valve
at the pump to open and sewage from the sump
will be sucked in via the pump for approx. 15 sec-
onds. The lowest part of the discharge pipe will now
be under vacuum which may cause PVC pipes to
burst longitudinally and make worn seal rings burst
at pipe joints.

Approx. 25 seconds after the closing of the non-
return valve, the first and largest water hammer
blow will occur with a peak of 7.5 bar (see "7") or
25% more than acceptable for the pipe. This pres-
sure will force all lip seals in pipe joints back in nor-

mal position (if they are not already fully worn out).

The duration of the water hammer will be pro-
longed by a high gas content. Often water hammer
will only last for a split second and sound like a
blow on a barrel.

25 seconds after the first and largest water ham-
mer blow, the first and largest vacuum surge will
occur, which will also affect the lip seals in the pipe
joints (see "8").

After this, the intensity of the water hammer
decreases (see "9").

Comments on water hammer after pump stop:

All maximum and minimum limits for application
of lip seals in PVC PN 6 pipe joints have been
exceeded.

Vacuum and water hammer could have been more
than halved if the stop of pump No. 2 had been
delayed. In that case the pump would have replen-
ished the pipe and consequently counteracted the
first full development of the vacuum surge result-
ing from the stopping of pump No. 1. When pump
No. 2 stops after 25 seconds or longer, the velocity
of the water in the discharge pipe will have dropped
from 1.3 to 0.75 m/s. This means that the water
hammer caused by the stopping of pump No. 2 will
have been halved compared with the situation
when both pumps are stopped at the same time.

Simultaneous stopping of both pumps can be a dis-
aster in cases where the volume of water in the dis-
charge pipe is large.

Head [m] Simultaneous pump stop
15
60
50 £
40 l/ \ 7 ‘b\ j—ry ey
~ ' T 1IN Y
30 ',I \\ V4 ;' \\_l' |l ,/ -
20 / )l’" l [ H --/‘( |\
N d -
+. 17 S
10 S
0 S
410 Dlelayed| pump| stop
0 30 60 90 150 180 210 240
Time [sec.]
Fig. 77  Water hammer in discharge pipe with

simultaneous and delayed pump stop respectively
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78 Longitudinal profile of minimum and maximum
water hammer pressure in discharge pipe with
simultaneous and delayed pump stop respectively
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11. Water hammer

Positive effects of water hammer in sewage pipes

The blow releases sludge and encrustations from the
pipes. This means that moderate water hammer can be
positive if it is kept to a level where it does not create a
vacuum (with the risk of sucking in ground water) or
pressure peaks close to the PN for the chosen pipe sys-
tem including the joints.

The risk of water hammer rises with increasing pump
pressure and with the amount of water in the discharge
pipe and with the flow before the last pump stop.

The diagram below makes it easy to identify potentially
risky installations.

To the LEFT of curve for actual DN and flow,
pressure fluctuations are acceptable

To the RIGHT of curve for actual DN and flow,
pressure fluctuations are NOT acceptable

0
§.1 A‘/
© 4
8 /////
= 2 /
£
a of Yof of lof
+— \\\\\\\"’H “ %
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] [SY & S} Q Q,
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g 3 1§ & 15 5 &§ 3 5l B
>
TIII/’I I
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Length of pipe system [km]

Fig. 79

How to use the diagram

Example 1

The length of the discharge pipe is 2942 m, DN 400,
flow before simultaneous pump stop is 140 I/s. Pump
pressure before stop is 4 bar.

Result:

We are far to the right of the curve DN 400, Q = 140 I/s
at point 1. Calculation of water hammer is necessary.
The risk of water hammer can be reduced by installing
diaphragm tanks on the discharge pipe after the non-
return valves.

Diagram for estimating the limits for simultaneous pump stop

Example 2

The length of the discharge pipe is 800 m, DN 400,
flow before simultaneous pump stop is 140 I/s. Pump
pressure before stop is 2 bar.

Result:

We are to the left of the curve DN 400, Q = 140 I/s at
point 2. There is no risk of water hammer of destructive
character when using simultaneous pump stop as we
are on the Q = 140 I/s curve or to the left of it.
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11. Water hammer

How to eliminate water hammer

1.

Introduce parallel operation of up to four sewage
pumps, each with its own level stop or time delay.
During pumping, however, the minimum flow to
ensure self-cleansing must be observed; it may be
necessary to have two pumps in operation. In this
case, operation of one pump alone should only take
place before the last pump is stopped in order to
allow the flow to slow down gradually.

Introduce pressure equalization by means of dia-
phragm tanks of a total capacity of 1% of the hourly
performance of the smallest pump or 1% of the
content of the discharge pipe, whichever is the

larger. Make sure that the smallest pump stops last.

If item 2 above is not possible, fit a return bypass to
the sump controlled by a motor-driven valve with
30 seconds’ minimum opening and closing time.

If items 1-3 above are not possible, soft starts and
stops over a period of 15-30 seconds should be
introduced.
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12. Key figures and diagrams

12. Key figures and
diagrams

12.1. Inlet flow

12.1.1. Wastewater flow (Qs,r)

The rated wastewater flow is calculated from the as-
sumed wastewater flows gs,a from the individual in-
stallations, taking the probability of simultaneous use
into consideration.

12.1.1.1. Assumed wastewater flow (gs,a)

Assumed
Installations wastewater flow
(1/s)
Bathtub 0.9
Bidet 0.3
Shower 0.4
Floor drain in buildings 0.9
Wash basin 0.3
Kitchen sink, single or double 0.6
Kitchen sink, single or double 1.2
(industry)
Urinal 0.3 per stand
(max 1.8)
Urinal with flushing valve 0.4
Washing machine (private) 0.6
Dishwasher 0.6
Washing trough 0.4 per metre or
0.3 per tap point
WC with cistern or flushing valve 1.8
(6-9 I per flush)

Note: Particularly for flats and single-family houses
with only one household, the rated flow, Qs,r must be
minimum 1.8 I/s, corresponding to Sqs,a = 12 I/s when
toilets are connected. The minimum flow velocity

(1 m/s) in the riser main must, however, be observed.

12.1.1.2. Collecting pipes where

12 <¥gs,a <4000 I/s
The rated wastewater flow can be found from the dia-
gram overleaf (Fig. 80), based on the sum of assumed
wastewater flows.

The diagram is based partly on measurements and
partly on probability considerations. It is drawn in such
a way that the rated wastewater flow can be expected
to occur once a day. Allowance has been made for the
fact that the probability of simultaneous use of several
installations is bigger at hotels, hospitals, schools, bar-
racks, cinemas, meeting rooms, factory changing
rooms, nursing homes, etc. than in private homes,
offices and nursing homes.

12.1.1.3. Collecting pipes where

¥gs,a > 4000 I/s
The rated wastewater flow can be determined after
agreement with the authorities.

o

GRUNDFOS 2\

67



68

12. Key figures and diagrams
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Fig. 80  Diagram for estimating the assumed wastewater flow

12.1.2. Rainwater flow (Qr,r)
The rated rainwater flow is calculated like this:

Qrr=ix ¢ xA, where

i = the rated rain intensity (I/s/m?)

A = the catchment area (m?)
- measured in horizontal projection
¢ = discharge coefficient

12.1.2.1. Rated rain intensity
Shower intensity is normally based on a duration of 10
minutes.

In relatively big installations, it will usually be possible
to base calculations on reduced intensities, i.e. longer
periods of rain.

12.1.2.2. Discharge coefficients

Guidelines for calculating discharge coefficients
Surface Discharge
coefficient

Roofs and impermeable 1.0

surfaces, e.g. bitumen,

concrete or surfaces

with tight joints

Surfaces with joints of 0.8

gravel and grass

Gravel 0.6

Garden areas and 0.1

similar places

The average discharge coefficient must normally not
exceed the one stipulated by the authorities for the in-
stallation in question. If it does, a delay basin or some-
thing similar should be established in agreement with
the authorities.

o
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12. Key figures and diagrams

Rated rainwater Application
n* intensity
in 1/s/m?2 Separate systems Common systems
(I/s/ha)
1 0.011 (110) Where there is only a risk of inconvenience, | Where there is only a risk of inconvenience,
e.g. flooding outside building. e.g. smell. Flooding is not acceptable.

Where there is a risk of minor damage to buildings, furniture, machines or equipment.
1/2 0.014 (140) It should be possible to normalize things by ordinary cleaning and short-term drying.
Flooding should occur only in rooms with watertight floor constructions.

1/10 0.023 (230) Where there is a risk of severe damage to buildings, machines or equipment.

-0 Where there is a risk of accidents or health hazards to animals or human beings.

*nis the annual probability of showers with an intensity bigger than the rated one.

12.1.2.3. Catchment area
The catchment area (A) is calculated as the sum of

« horizontal areas

« horizontal projections of sloping surfaces

« 1/3 of vertical surfaces hit by heavy showers, i.e.
normally the surfaces pointing towards the prevail-
ing wind direction.

It is recommended that the rated rainwater flow is cal-
culated assuming that all possible extensions to a
building have been constructed.

12.1.3. Drainage water flow (Qd,r)

The rated flow of drainage water in collecting and dis-
charge pipes is usually small. In areas with porous soil
and drainage under the groundwater level, the rated
drainage water flow should be based on hydrogeologic
tests.

12.1.4. Rated discharge flow
in common systems

This is calculated like this:
Qr=Qs,r+Qrr+Qd,r

12.1.5. Rated discharge flow

in separate systems
This is calculated like this:
. s,r in wastewater pipes
r,r + Qd,r in rainwater pipes

Qr=Q
Qr=Q

12.2. Pressure loss in pipes

Diagrams for pressure losses in different kinds of pipes
are shown on the following two pages.

o
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12. Key figures and diagrams

Internal diameter Capacity Velocity / Dynamic pressure Pressure loss
mm I/s m/s Pa mhead Papr.m
4 800000 .
200 - 700 000 < 100 000
1000 1 600 000 - 90 000
800 - 4 500 000 ~+ 80000
90 & 30 T 400 000 + 70000
j 500 -+ 25 1 300000 <~ 60000
150 ] 8RG 7 483 400 —— b s0 L 50000
50 v 0 L o
400 ? 20 z 200 000 ‘g 40 000
+ SRG x 485 200 - b 3 20000
T "> 1 100000 1
T E s T
1 = & —— 20000
| R < 45 o }‘t Case No. 3 10 £ 50000 :
100 4 Q- o9 £ 40000 15000
B Case No. 1 g’g page 82 8 30 000 %
30 3 7 —
: page 75 40 1 F 20000 10 4 <0000
30 Wl AG * 4.05 30 f; 6 3 % :ggg
t 3
20 % 5 -+ 7000
70 2R > I 3 10000 f 6000
[ T “F 8933 o5 1 5000
j 04 & 6000 T .00 Curve for
60 T + 5000 ES
8 + s+ oe .
s [+ [5.31/s N % 4000 * .00 Calculating
- 2RG x 3,65 B S 2 3= 3000 . T
50 : b3 ? friction
i o & 000 + 2000 resistance in
L1 RG - 225 § ok o 1 +s00 straight pipes.
40 A | 4
1.8I/s| T E 8% % o
4117 RG <325 ) 600 01 1
35 ‘ oa T 0.055m| 5 ¥ %00
| 07 + 09 + 400 E 730
o | 0r I :‘: } 300 11 500
- 1RG » 225 o:: f oe 1t 200 005 % 500
. 05 = n = 400
5 + 05 by
el 31 Reynold’s No. - 100 N 0.028
- Q1 8¢
L > .RG » 265 . -
" ” o 4 e NGt [0.006 m
08 — 1000 03 T 9 Case No. 2 If
6 - . 5
008 ¥ 1 oo 0% ¥ w0 page 79 ree
L RG - 268 ooa 02 + 20 !
1e 003 < 2000 + 0,01 -y \9%0
B T T
002 + 1500 015 ]itm 3 ?g
T g N
F 9 eRG « 235 1 1 1000 1L Z ‘F 60
001 + 0.1 5 <+ 50
T by . +
} §§§Z E3 9% 1t Curve for calculating + «[0.003
o | 0005 - 007 i ° friction resistance in .
1 0004 — 2 . .. . h
3 0005 1 ooe = ° individual resistances.
@ LRG x 235 e e
7 0,002 3 T 7
5 002 + 1 .
8 5 ¥ oos + 0o (The dynamic pressure % Ny
? ooor 1 t 96 must be multiplied by ! ‘
' Suose 3 o i 04 resistance figure of in- [
5 - 0025 3 .. .
i s So00s T * ¥ °° dividual resistance.) + o
eRG ¥ 20 e f T s
6 00004 ~ 0.02 0.2

Fig. 81

Temperature range

The nomogram is valid for water at 10°C. At 0°C the fric-
tion loss error will be no morethan +10% and at 55°C no
more than -25%.

Basis

Colebrook's formula at a water temperature

t=10°C, absolute roughness k = 1.0 x 10 m, and a de-
posit layera =0.3x103m.

Nomogram showing friction loss in straight galvanized steel pipes with deposits

Diameters

On the right hand side of the diameter scale, the inter-
nal diameter of medium thick threaded pipes, steel 00,
according to DS 540, 3rd edition, are stated.

According to this standard these diameters are indi-
cated with the thread that can be cut in the pipe, plus
the wall thickness in mm.
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12. Key figures and diagrams

Internal diameter

350 +

|
T T
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I/s
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0,08
0,06

0,04
0,03
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0,0006
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E
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Fig. 82

Nomogram showing friction loss in PVC ground sewage pipes with deposits
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12. Key figures and diagrams

12.3. Friction loss in individual
resistances (&-values)

Narrowing

A sV, 5V, Ay,

—

Sudden narrowing

A,/A;: 0[0.2[0.4]0.6 [0.8 1.0

¢ 05]04l03]02]01l0

Widening
B <20°
2
\ V.-V
—_—p AH:g(l—z)
—sV, T——;V2 2g
x
B| 5° |10° |15°
¢lo.2 10.5 |0.85
B>20°
2
_7F Ao11 VamVo)
—V, T —5V, ) 2g
TN

for turbulent flow

Conical or rounded
narrowing

£~0-0.1

Standard widening

Standard narrowing

E~0

Eccentric reducer

£~0.5

=] £= 10
Outlet
_H
—;E E=a

Change of direction

Bends

B =90°

r> 4d: & ~ 0.2 (rough pipe)
& ~ 0.1 (smooth pipe)

r=d: &~ 0.5 (rough pipe)
& ~ 0.2 (smooth pipe)

B <90°

€ =EgpsinP

Standard bends

E~10 d<20mm
E~0.5 d>20mm

Two 90° bends

€ =2 X Esingle

€ =3 X &single

€ =4 X &ingle
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12. Key figures and diagrams

Confluence
A = branching
G = straight flow

QA/Q[0.2 0.4 ]0.6 0.8

Valves and taps

&-values strongly depend on shape.
Factory values should be used.

Qa

— |V I 0 T-piece, symmetrical

A |branching or confluence

T Ea~15
Qe

\
l

6 /o én |0 [0 o508
——l | [—— & 0.2 (0.3 {04 |0.5
Q,
T-piece, confluence
Qs — —> &A ~1.0
T Ec~0.5
Qa
, ; T-piece, confluence
@ =4, +— |&~05
=
Qa
= p— T-piece, symmetrical
s Qe branching or confluence
l Ea~3.0
JR—

Qa

branching or confluence
E~06

/ Y-piece, symmetrical

Slide valves without
narrowing: & = 0.1-0.3

Slide valves with
narrowing: § = 0.3-1.2

i
i
oA

Flap non-return valve
€ = 0.5-1.0 (fully open)

Ball non-return valve
€ ~ 1.0 (fully open)

E-values above are valid for fully open valves.
At half-open postition, & may be 2-3 times as big.
Depending on shape and position, a certain
minimum flow velocity through the valve is
necessary for it to be regarded as fully open.
Information must be obtained from the supplier.
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13. Practical examples

13. Practical examples

13.1. Case No. 1:
Effluent pumping

The wastewater, drainage water and rainwater from
the basement of this building must be pumped away.
The toilet water from the upper floor is discharged by
gravity.

Find a proper solution.

Grey wastewater

+  Wash basin

» Floor drain

» Bathtub

+  Washing machine
» Dishwasher

» Kitchen sink

Rainwater

Horizontal area: 100 m? roof, ¢=1.0
50 + 50 m2 gravel, ¢ =0.6

Vertical area: 150 m2x 1/3, ¢=1.0

Drainage water
From sandy soil, 40 m pipe,
drainage zone width 30 m on each side of the pipe.

Flat region

o -—-..'-. ;]

. Dramplpe 40m

y som: - \/'8

Gravity

Fig. 83 Installation diagram
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13. Practical examples

13.1.1. Determination of discharge flows
13.1.1.1. Wastewater flow

Catchment area (m?) Rated rainwater
flow (I/s)

Roof 1.4
100x1.0x0.014
Gravel surface 0.8
(50 + 50) x 0.6 x 0.014
Vertical area 0.7
150x1/3x1.0x0.014
Total (ZQr,r) 2.9

Installations Assumed
wastewater flow

(See12.1.1.1) (1/s)
Wash basin 0.3
Floor drain 0.9
Bathtub 0.9
Washing machine 0.6
Dishwasher 0.6
Kitchen sink 0.6
Total (2Zgs,a) 3.9

The diagram on page 68 shows that an assumed total
wastewater flow of 3.9 I/s gives a rated total waste-
water flow, Qs,r, of 1.05 |/s. However, as mentioned in
section 12.1.1.1, the minimum rated wastewater flow
of a single-family house is 1.8 I/s.

13.1.1.2. Rainwater flow

Rated Application
n* rainwater
intensity Separate systems Common systems
in1/s/'m?
(I/s/ha)
1 0.011 Where there is only a risk of | Where there is only a risk of
(110) inconvenience, e.g. flooding |inconvenience, e.g. smell.
outside building. Flooding is not acceptable.
1/2 0.014 Where there is a risk of minor damage to buildings, furni-
(140) ture, machines or equipment. It should be possible to nor-
malize things by ordinary cleaning and short-term drying.
Flooding should occur only in rooms with watertight floor
constructions.
1/ 0.023 Where there is a risk of severe damage to buildings,
10 (230) machines or equipment.
-0 Where there is a risk of accidents or health hazards to ani-
mals or human beings.
*nis the annual probability of showers with an intensity
bigger than the rated one.

13.1.1.3. Drainage flow
Ground: Sandy soil
Drainage area: 40 m x (30 + 30) m = 2400 m2.

The rated drainage flow (Qd,r) from this area is esti-
mated at 2 m3/h ~ 0.6 |/s (see Fig. 10, page 11).

13.1.2. Determination of pipework system
13.1.2.1. Status of pump system (see 1.1)

Pumping from individual building means that there are
no layout restrictions from general sewage regulations.

13.1.2.2. Rated discharge flow in common system
(see 1.4.1)

Qr=Qs,r+Qrr+Qd,r

Qr=1.8+29+0.6=5.31/s~19m3/h

13.1.2.3. Calculation of pipe size

Flow rate = 5.3 1/s = 0.0053 m?3/s.

For self-cleansing ability, minimum velocity = 1.0 m/s
(see page 59).

0.0053

Maximum pipe area = = 0.0053 m>

Therefore maximum pipe diameter =

0.0053 x4 _ 082 m, or say DN 80.
T

This size of pipe will be suitable for any pump likely to
be chosen, since the latter will have clearances of

35 mm or 50 mm. No additional safety calculation is re-
quired.

13.1.2.4. Pipe layout (see 2.2)

A discharge pipe with a 3" union for dismantling from
horizontal sewage pipe can be chosen. This means that
an auto-coupling system is not necessary.

o™
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13. Practical examples

13.1.2.5. Frictional loss in individual resistances

(see 2.3)

Individual resistances &-values
Standard widening from pump to 1.0
DN 80 discharge
One 90° bend (r = d) 0.5
Union 0.3
Valve 0.3
Standard widening from horizontal 1.0
3" discharge pipe to gravitational
sewage pipe
Total 3.1

Dynamic head in a DN 80 pipe, flow rate 5.3 1/s, is 0.055
m (see Fig. 81).

Ap =3.1x0.055 m =0.17 m in individual resistances.
Frictional loss in 5 m (2.5 + 2.5 m) DN 80 straight pipe:
Ap=0.028x5m=0.14m

Total frictional loss:
0.17 +0.14 m = 0.31 m at a flow of 5.3 I/s.

13.1.2.6. System characteristic

H_031 =0.0110

Q2 532
The system characteristicis H = 2.7 + 0.0110 x Q2.

AH (m) System characteristic

4 — H=2.7+0.0110x5.3%2=3.01m

3 /

2 —

1 —
[l [l Il Il Il Il N
T T T T T L
1 2 3 4 5 6 Q(I/s)

Fig. 84 Determination of duty point

From Fig. 81 it can be seen that the velocity in vertical
DN 80 pipes is 1.05 m/s at a flow of 5.3 |/s. As the mini-
mum self-cleansing velocity is 1 m/s (see table on page
59) a reduced flow cannot be accepted unless the pipe
dimension is reduced.

13.1.3. Pump selection
13.1.3.1. Suitable Grundfos effluent pumps

AP 35.40.08.3,50 Hz,3x 400V, 1,=2.1A
AP 50.50.08.3,50 Hz,3x 400V, |,=2.1A
AP 30.50.09.3,50 Hz,3x400V,|,=22A

AP 51.65.07.3,50 Hz,3x400V,1,=19A

D H
[kPa]| [m] |
1104 11 N5 | AP35
2, 50 Hz
100 14 S
4,0\9
019 o 7, ‘\
-0,
804 g oL \\
704 5 N
\ N
604 & A N
AN N
50 5 N \
AN N
20 4 N \
N N
304 3 N \\ =
System characteristic |
204 2 Yy \\ \\
10 1 AN N
o4 o
0 2 4 6 8 10 12 14 16 18 20 Q[mi/h]
T T T T T T T
0 1 2 3 4 5 6Q [I/5]

Fig. 85 AP 35 pump characteristics

AP 35.40.08 with a vortex impeller will be the most
cost-effective purchase and the AP 30 requires the least
total energy (see overleaf).
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13. Practical examples

p
[kPa]
180 | AP30

50 Hz
I1SO 2548 Annex B

160

140

120

100

80

60

0 4 %\
0 2 +System characteristic &\
| INN

0 5 10 15 20 25 30 35 40 Q[mi/h]

1 T 1
001 2 3 4 5 6 7 8 9 10 11 12 Q[l/s]

Fig. 86 AP 30 pump characteristics

13.1.3.2. Pump operation (see 2.4.2)

A Danish household like the one in the example will

typically have

+ a wastewater discharge of 300 m3/year,

« a rainwater discharge of 0.7 m3/m?x ¢ x A =
0.7 x 1.0 x 100 + 0.7 x 0.6 x (50 + 50) + 0.7 x 1.0 x
(150 x 1/3) = 147 m3/year at a precipitation of
700 mm/year, and

+ a drainage discharge of 0.1 mm3/m?/year x A,
totalling 240 m3/year.

This means that the total annual discharge flow will be
300 + 147 + 240 m3 = 687 m3.

The operating time of AP 35.40.08.3 will be

3
687 m/year _ 34 hours/year
19 m3/hour

The power consumption P, will be
P, = J3 x400x2.1x0.86 x36x 103 =45 kWh/year

The operating time of AP 30.50.09.3 will be

3
687 mi/year _ 5 hours/year
27 m3/hour

The power consumption P, will be
P, = J3 x400x2.2x0.83x25x103 =32 kWh/year.

As the annual operating time is as low as 25 and 36

hours respectively, the pump could remain in the pit for
55 years before the 2000-hour oil change interval was
reached. This means that the only argument for install-
ing a double pump has to do with safety.

If the pump should fail, there is still an accumulation
volume in pipes and pit of approx. 1.5 m3, correspond-
ing to one or two days' discharge from the house.

The traditional pump selection for this application
would be a pump with a 30 mm clearance.

[kbal | [m]
Pa m
1 2oy ! AP50
10 1, N, 50 Hz
4"30 3oy
100 10125
90 o 22NN
80 37—4‘3};&
70 7 0'% A\
PN <
601 ¢ N \\
504 5 AN q
204 4 \\
N
30 3 g
204 24—  System AN \\
104 14—characteristic
od o I —
0 5 10 15 20 25 30  Q[mish
—_—
o 1 2 3 4 5 6 7 8 9 QIls]

Fig. 87 AP 50 pump characteristics

This tradition is partly based on availability and price.
Today, an AP 50.50.08.3 with non-clogging vortex im-
peller, which can handle solids of up to 50 mm, should
be considered.

The operating time of AP 50.50.08.3 will be

3
687 mi/year _ 33 hours/year
21 m3/hour

The power consumption P, will be

P, = ﬁ X400 x 2.1 x 0.87 x 33 x 103 = 42 kWh/year

o™
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13. Practical examples

13.1.3.3. Pump sump volume
Pit diameter: 1.25 m.
Acceptable number of starts: 20 per hour.

8 Veff [m3]
l l /
7 — Z = starts/hour /
6 / /
o
5 ay
//I\C) 7
4 7 S A
3 ///) z 1o
14
i %//// =20
Z=30
. IA 74&
N o,
o I 10 20 30 40 50 [1/s]
| " 1000 2000 3000
[I/min]

Fig. 88 Determination of effective sump volume based on

number of starts and flow

AP 50.50.08.3 pumps in a 1.25 m pit at a flow of
5.3 I/s. Distance between stop and start position of
float switch is

0.25 m3 (volume)
n/4x1.25 m2

=0.21m

13.1.3.4. Energy consumption

The energy consumption of AP 50.50.08.3 will be 42
kWh per year for a DN 80 discharge pipe at a flow veloc-
ity of 1 m/s. The selection of a pump which would have
a lower energy consumption would be approx. 50%
more expensive. The energy saving will never make up
for the additional investment.

13.1.3.5. Selection of discharge point
As the wastewater is pumped directly into the gravita-
tional pipe, no special precautions have to be taken.

13.1.3.6. Pump control and panel

AnLC108,DOL 2.9 Awith three standard level switches,
weights, brackets and necessary fittings should be of-
fered.

13.2. Case No. 2:
Lifting station for
domestic sewage

The wastewater discharge from a flat in the basement
of a building cannot run out into the wastewater pipe
outside the house by means of gravitation. A pump sys-
tem must therefore be installed.

The discharge from the pump can be connected to the
vented gravitation pipe in the discharge installation
from the ground floor.

The wastewater from the flat comes from

« 2WCs

« 1bathtub

« 2showers

« 2 wash basins

« 2 kitchen sinks

« 2floordrains

» 1 washing machine
« 1dishwasher

13.2.1. Position and layout of pump system
The pump can be located in the building and a closed
pump unit consisting of collecting tank, pump and level
switch is required. This is a convenient solution as far as
space, smell, etc. are concerned.

7

Fig. 89 Installation
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13. Practical examples

13.2.2. Inflow
Installations Assumed
wastewater flow (1/s)

2 WCs 3.6
1 bathtub 0.9
2 showers 0.8
2 wash basins 0.6
2 kitchen sinks 1.2
2 floor drains (75 mm) 1.8
1 washing machine 0.6
1 dishwasher 0.6
Total 10.1

The difference between the level in the pump unit tank
and the discharge installation which the discharge pipe
is connected to is 2.0 m and the total length of the dis-
charge pipe is 2.8 m.

13.2.5. Data for discharge pipe
DN 80 mm galvanized steel pipes with an internal di-
ameter of 82.5 mm.

Roughness assumed to be 1.0 mm (see table page 18).

13.2.6. Geodetic head
2.0 m plus the pipe loop, 0.2 m (assumed), total 2.2 m.

13.2.7. Individual losses
As all pipes have the same dimension, no separate cal-
culation of individual losses has to be made.

This flow is smallerthan 12 1/s (see 12.1.1.1.). As the dis-
charge comes from all rooms of the building, the rated
wastewater flow can be estimated at 1.8 I/s, which is
the maximum inflow to the pump.

13.2.3. Pump capacity, number of pumps

and duty mode
For operating safety (small accumulation capacity), a
pump unit consisting of 2 pumps is chosen, which gives
100% reserve.

Alternating duty mode is chosen and in such a way that
both pumps can runin parallel at high water levelin the
accumulation tank.

13.2.4. Pump and pipe layout

A non-return valve is built into the pump unit. A slide
valve is fitted immediately above the pump discharge
(common for both pumps) followed by a vertical dis-
charge pipe, which is connected to the top of the
gravitational discharge installation below the ground
floor level by means of two 90° bends and a T-piece.

For the discharge, a DN 80 mm steel pipe is chosen. This
is an acceptable dimension when pumping discharge
water from toilets. It is the same dimension as the
standard discharge port of the Grundfos pump unit.

Loss type Resistance
(see pages 72-73) coefficient (§)
Slide valve 0.3
90° bend 0.5
90° bend 0.5
Outlet 1.0
Total 2.3
13.2.8. System characteristic
Geodetic head: 2.2 m.
Individual resistances Loss (m)
(see page 70)
Frictional loss in valve, bend
and outlet. Resistance coeffi-
cient 2.3 x dynamic pressure, 0.014
0.006 =
Frictional loss in straight pipes: 0.008
2.8x0.003 =
Total 0.022

Constant C for calculating frictional loss characteristic:

H _ 0.022 - 0.007

aﬁ 1.82

C =

o™
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13. Practical examples

Formula for calculating system characteristic:

H = geodetic head + C x Q2

AtQ=18I/s: H=22+0.007x182 =222m
AtQ=5I/s: H=2.2+0.007 x 52 =2.38m
AtQ=101/s: H=22+0.007x10> =290m
AtQ=151/s: H=22+0.007x15%> =3.78m

The four points are plotted on the APL pump data sheet
(Fig. 90).

13.2.9. Pump selection

APL 81.12.3 will yield approx. 11 I/s in the pipe system
in question which is more than peak inflow, which
means that this pump is suitable.

13.2.10. Check self-cleansing

From Fig. 81 on page 70, it can be seen that a flow rate
of111/sina82.5 mm (DN 80) pipe gives a velocity of ap-
prox. 2.1 m/s, which is sufficient to guarantee self-
cleansing.

13.2.11. Conclusion
A Grundfos pump unit APL 81.12.3 with DN 80 dis-
charge pipe.

[%]

25

20

15

10

P H
[kw] | [m] APL.81.(82).12.3
354 7 50 Hz
I1SO 2548 Annex B
30 6
AN
25— 5 \
20 4 \
\ //
15— 3
— N,

107 277 System characteristic N
054 1 \
00— 0

0 2 4 6 8 10 12 14 Ql/s]
80 mm I T T T T T T T T

0,0 0,4 0,8 1,2 1,6 2,0 2,4 2,8 v [m/s]
toomm T T T T T T T T T T 1

00 02 04 06 08 10 12 14 16 18 20v[m/

Fig. 90  APL pump characteristic
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13. Practical examples

13.3. Case No. 3:
Pumping station for
municipal sewage

The sewage water from a town and the pumped

sewage from a hospital is to be pumped to the gravity

main.

A pump system must therefore be installed.

P /g Y e

Gravity main

Hospital

Pumped sewage
from hospital

o

/ H
| Eﬁi_f

I

\

8
//
/

|

0

Gravitational sewage ’
from the town

(300 dwellings)

§

- £,
Sl 2N 25
£ 7
§

>~

W .

==

e

S e

;3 o =y

s
iy S
] W’ T

&

Sy & oo
SN e

N oy

Fig. 91  Principal diagram of installation
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13. Practical examples

13.3.1. General (see 1.)

The pumpinstallationis located in a pit with a diameter
of 2 m at the side of a service road.

The inflow is sewage from a pumping station at a hos-
pital and gravitational sewage from a town with 300
dwellings, consisting of blocks of flats and single-family
houses.

Dimensioning and selection of pumps (see 2.)

100% spare capacity with two alternating pumps is pre-
ferred. Safety margin over maximum inflow should be
approx. 15% and the pipe dimension DN 200.

13.3.2. Inflow
Pump peak load, Qs,r, from the hospital is 25 I/s.

Gravitational sewage from dwellings. Rated sewage
flow per dwelling is 1.8 I/s, which gives an assumed
flow per dwelling of 12 I/s (see 12.1.1.1., page 67).
Sum of assumed wastewater and sewage flow:

Sgs,a=300x121/s = 3,600 I/s.

Rated sewage and wastewater flow, Qs,r, from the
town =22 |/s (see Fig. 80 on page 68).

Required pump capacity, Qs,r =25 +22 /s =47 /s =
170 m3/h.

Safety margin 15%.

Total pump requirement: 47 |/s x 1.15 = 54 |/s equal to
195 m3/h.

13.3.3. Pump selection (see 2.4)

The selected pump is to handle 100 mm solids.

13.3.4. Geodetic head

min. level + max. level
Outlet — 5 =

17 -

10 ’2' 11 _6.5m (Fig. 91)

13.3.5. Frictional loss in
individual resistances

Individual resistances E-values
(pages 72-73)
1 elbow in coupling foot 0.5
1 widening 150/200 mm 1.0
1 non-return flap valve 1.0
1 slide valve 0.3
1 90° bend at manifold 0.5
1Y-piece 0.6
1 outlet 1.0
Total 49

Dynamic pressure for DN 200 at 54 1/sis 0.2 m head
(Fig. 81, page 70).

Frictional loss in individual resistances is 0.2 x 4.9 m =
0.98 m (Fig. 81).

Frictional loss in DN 200 vertical pipe at 54 I/s =
0.03 m/m (Fig. 81).

Frictional loss in PVC 200 horizontal pipe at 54 1/s =
0.015 m/m (Fig. 82, page 71).
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13. Practical examples

One pump running, Q =54 /s P[:‘ZNL Hzim] AP100.150.80(Ex) 7:/;]
S0H
Head (m) 11 2 \% 150 2548 Annexs | 20
— N
Geodetic head 6.5 e \\\ *0
9 18 N ~ P TR
DN 200, dynamic loss in 0.98 o 16 ~ 0
individual resistances 2 1 S~ \rtal_, .
. - /// ‘\ N
DN 200, vertical pipe loss 0.15 6 12 N ~J°
. / \ Two pumps
5x0.03 (Flg. 81, page 70) 5— 10 N 10
. . 4 8 / x’/ 0
PVC 200, horizontal pipe loss 0.45 \\One bump
30 x 0.015 (Fig. 82, page 71) 31 6 —System characteristic
24 4
Total 8.08 |, N\
0o— 0
. . 0 10 20 30 40 50 60 70 Q[l/s]
13.3.7. System characteristics DNISO T T T T T T T T T T T
O - _ 54 I/ 00 04 08 12 16 20 24 28 32 36 40v[m/s]
pe pump running, Q = S DN200 T 71 T T T T T T T T T 1
Frictional loss: 0.98 + 0.15 + 0.45 =1.58 m 00 02 04 06 08 10 12 14 16 18 20 22 v[m/s|

Constant C for frictional loss:

Fig. 92 Duty point for one or two pumps, respectivel
H _ 158 _ (00054 9 yp pumps, respectively
Q2 542
System characteristic Actual duty point with one AP 100.150.80 in operation:
H=6.5+0.00054 x Q?
Q =541/s
AtQ=0I/s: H=6.5+0.00054x02 =6.50m H =8.15m
AtQ=101I/s: H=6.5+0.00054x102 =6.55m h =48%
AtQ=201/s: H=6.5+0.00054x20% =6.72m P1  =9.5kw
AtQ=301I/s: H=6.5+0.00054 x 302 =6.98 m
AtQ=401/s: H=6.5+0.00054x402 =7.37m Actual duty point with two AP 100.150.80 in operation:
AtQ=501I/s: H=6.5+0.00054 x 502 =7.86m
AtQ=601/s: H=6.5+0.00054x60% =8.45m Q  =84l/s~421/sper pump
AtQ=701/s: H=6.5+0.00054x70%=9.16m H =103 m
h = 54%
The data are plotted on the AP 100.150.80, 50 Hz, data P1  =18.4kW~9.2kW per pump

sheet (Fig. 92).
13.3.9. Check of self-cleansing

13.3.8. Performance curves Velocity in vertical pipe at Q = 42 /s is 1.34 m/s, which
The curves apply to clean water at +20°C. is more than the required velocity for self-cleansing of 1
m/s.

Tolerances of Q and H are +/- 10%.
Velocity in horizontal pipe at Q = 54 /s is 1.95 m/s,

which is more than the required velocity for self-cleans-
ing of 0.8 m/s.
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13. Practical examples

13.3.10. Pump sump layout (see 7.)
When going for maximum 10 starts (n) and stops an
hour per pump, the sump volume must be at least
243 m3as

54 x 3.6

Q(m/h) _ - 243m°

V>
4x7 8x10

13.3.11. Position of level switches
Stop level: 0.20 m above pump inlet.
Start level of first pump:

V \Y
Kh - h___ 243 _ (77 mabove stop level.

n/4xD>  mldx2

Second pump starts 0.1 m above start level of first
pump, i.e. 0.87 m above pump stop level.

Alarm 0.97 m above pump stop level.

Note: The starting level is always to be at least at the
top of the motor housing to ensure efficient motor cool-

ing.

13.3.12. Energy consumption

Energy consumption is typically calculated in KWh/m3
or in KWh/1000 m3. The energy consumption of the AP
100.150.80 for pumping 1000 m3 will be as follows:

_ P1x1000m? _ 9.5 x 1000

= 48.87 kWh
3.6 xQ (I/s) 3.6 x 54
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Denmark

GRUNDFOS DK A/S

Martin Bachs Vej 3

DK-8850 Bjerringbro

TIf.: +45-87 50 50 50

Telefax: +45-87 50 51 51

E-mail: info_GDK@grundfos.com
www.grundfos.com/DK

Argentina

Bombas GRUNDFOS de Argentina S.A.
Ruta Panamericana km. 37.500 Lote 34A
1619 - Garin

Pcia. de Buenos Aires

Phone: +54-3327 414 444

Telefax: +54-3327 411 111

Australia

GRUNDFOS Pumps Pty. Ltd.
P.O. Box 2040

Regency Park

South Australia 5942

Phone: +61-8-8461-4611
Telefax: +61-8-8340 0155

Austria

GRUNDFOS Pumpen Vertrieb Ges.m.b.H.

Grundfosstrale 2

A-5082 Grodig/Salzburg
Tel.: +43-6246-883-0
Telefax: +43-6246-883-30

Belgium

N.V. GRUNDFOS Bellux S.A.
Boomsesteenweg 81-83
B-2630 Aartselaar

Tél.: +32-3-870 7300
Télécopie: +32-3-870 7301

Brazil

GRUNDFOS do Brasil Ltda.
Rua Tomazina 106

CEP 83325 - 040

Pinhais - PR

Phone: +55-41 668 3555
Telefax: +55-41 668 3554

Canada

GRUNDFOS Canada Inc.
2941 Brighton Road
Oakville, Ontario

L6H 6C9

Phone: +1-905 829 9533
Telefax: +1-905 829 9512

China

GRUNDFOS Pumps (Shanghai) Co. Ltd.
22 Floor, Xin Hua Lian Building

755-775 Huai Hai Rd, (M)

Shanghai 200020 - PRC

Phone: +86-512-67 61 11 80

Telefax: +86-512-67 61 81 67

Czech Republic
GRUNDFOS s.r.o.
Cajkovského 21

779 00 Olomouc

Phone: +420-585-716 111
Telefax: +420-585-438 906

Finland

OY GRUNDFOS Pumput AB
Mestarintie 11

Piispankyla

FIN-01730 Vantaa (Helsinki)
Phone: +358-9 878 9150
Telefax: +358-9 878 91550

France

Pompes GRUNDFOS Distribution S.A.
Parc d’Activités de Chesnes

57, rue de Malacombe

F-38290 St. Quentin Fallavier (Lyon)
Tél.: +33-4 74 82 15 15

Télécopie: +33-4 74 94 10 51

Germany

GRUNDFOS GMBH

Schliterstr. 33

40699 Erkrath

Tel.: +49-(0) 211 929 69-0

Telefax: +49-(0) 211 929 69-3799
e-mail: infoservice@grundfos.de
Service in Deutschland:

e-mail: kundendienst@grundfos.de

Greece

GRUNDFOS Hellas A.E.B.E.

20th km. Athinon-Markopoulou Av.
P.O. Box 71

GR-19002 Peania

Phone: +0030-210-66 83 400
Telefax: +0030-210-66 46 273

Hong Kong

GRUNDFOS Pumps (Hong Kong) Ltd.
Unit 1, Ground floor

Siu Wai Industrial Centre

29-33 Wing Hong Street &

68 King Lam Street, Cheung Sha Wan
Kowloon

Phone: +852-27861706/27861741
Telefax: +852-27858664

Hungary

GRUNDFOS Hungaria Kift.
Park u. 8

H-2045 Torékbalint,
Phone: +36-23 511 110
Telefax: +36-23 511 111

India

GRUNDFOS Pumps India Private Limited
118 Old Mahabalipuram Road
Thoraipakkam

Chamiers Road

Chennai 600 096

Phone: +91-44 2496 6800

Indonesia

PT GRUNDFOS Pompa

JI. Rawa Sumur llI, Blok Il / CC-1
Kawasan Industri, Pulogadung
Jakarta 13930

Phone: +62-21-460 6909

Telefax: +62-21-460 6910/460 6901

Ireland

GRUNDFOS (Ireland) Ltd.

Unit A, Merrywell Business Park
Ballymount Road Lower

Dublin 12

Phone: +353-1-4089 800
Telefax: +353-1-4089 830

Italy

GRUNDFOS Pompe ltalia S.r.l.

Via Gran Sasso 4

1-20060 Truccazzano (Milano)

Tel.: +39-02-95838112

Telefax: +39-02-95309290/95838461

Japan

GRUNDFOS Pumps K.K.
1-2-3, Shin Miyakoda
Hamamatsu City
Shizuoka pref. 431-21
Phone: +81-53-428 4760
Telefax: +81-53-484 1014

Korea

GRUNDFOS Pumps Korea Ltd.

6th Floor, Aju Building 679-5
Yeoksam-dong, Kangnam-ku, 135-916
Seoul, Korea

Phone: +82-2-5317 600

Telefax: +82-2-5633 725

Malaysia

GRUNDFOS Pumps Sdn. Bhd.
7 Jalan Peguam U1/25
Glenmarie Industrial Park
40150 Shah Alam

Selangor

Phone: +60-3-5569 2922
Telefax: +60-3-5569 2866

Mexico

Bombas GRUNDFOS de Mexico S.A. de C.V.

Boulevard TLC No. 15

Parque Industrial Stiva Aeropuerto
Apodaca, N.L. 66600

Mexico

Phone: +52-81-8144 4000
Telefax: +52-81-8144 4010

Netherlands

GRUNDFOS Nederland B.V.
Postbus 104

NL-1380 AC Weesp

Tel.: +31-294-492 211

Telefax: +31-294-492244/492299

New Zealand

GRUNDFOS Pumps NZ Ltd.
17 Beatrice Tinsley Crescent
North Harbour Industrial Estate
Albany, Auckland

Phone: +64-9-415 3240
Telefax: +64-9-415 3250

Norway

GRUNDFOS Pumper A/S
Stremsveien 344
Postboks 235, Leirdal
N-1011 Oslo

TIf.: +47-22 90 47 00
Telefax: +47-22 32 21 50

Poland

GRUNDFOS Pompy Sp. z 0.0.
ul. Klonowa 23

Baranowo k. Poznania
PL-62-081 Przezmierowo
Phone: (+48-61) 650 13 00
Telefax: (+48-61) 650 13 50

Portugal

Bombas GRUNDFOS Portugal, S.A.
Rua Calvet de Magalhaes, 241
Apartado 1079

P-2770-153 Pago de Arcos

Tel.: +351-21-440 76 00

Telefax: +351-21-440 76 90

Russia

00O MpyHadoc

Poccusi, 109544 Mocksa, LkonbHas 39
Ten. (+7) 095 737 30 00, 564 88 00
dakc (+7) 095 737 75 36, 564 88 11
E-mail grundfos.moscow@grundfos.com

Singapore

GRUNDFOS (Singapore) Pte. Ltd.
24 Tuas West Road

Jurong Town

Singapore 638381
Phone: +65-6865 1222
Telefax: +65-6861 8402

Spain

Bombas GRUNDFOS Esparia S.A.
Camino de la Fuentecilla, s/n
E-28110 Algete (Madrid)

Tel.: +34-91-848 8800

Telefax: +34-91-628 0465

Sweden

GRUNDFOS AB
Lunnagardsgatan 6

431 90 MéIndal

Tel.: +46-0771-32 23 00
Telefax: +46-31 331 94 60

Switzerland
GRUNDFOS Pumpen AG
Bruggacherstrasse 10
CH-8117 Féllanden/ZH
Tel.: +41-1-806 8111
Telefax: +41-1-806 8115

Taiwan

GRUNDFOS Pumps (Taiwan) Ltd.
7 Floor, 219 Min-Chuan Road
Taichung, Taiwan, R.O.C.

Phone: +886-4-2305 0868
Telefax: +886-4-2305 0878

Thailand

GRUNDFOS (Thailand) Ltd.

947/168 Moo 12, Bangna-Trad Rd., K.M. 3,
Bangna, Phrakanong

Bangkok 10260

Phone: +66-2-744 1785 ... 91

Telefax: +66-2-744 1775 ... 6

Turkey

GRUNDFOS POMPA San. ve Tic. Ltd. Sti.
Gebze Organize Sanayi Bolgesi

lhsan dede Caddesi,

2. yol 200. Sokak No. 204

41490 Gebze/ Kocaeli

Phone: +90 - 262-679 7979

Telefax: +90 - 262-679 7905

E-mail: satis@grundfos.com

United Arab Emirates
GRUNDFOS Gulf Distribution
P.O. Box 16768

Jebel Ali Free Zone

Dubai

Phone: +971-4- 8815 166
Telefax: +971-4-8815 136

United Kingdom
GRUNDFOS Pumps Ltd.
Grovebury Road

Leighton Buzzard/Beds. LU7 8TL
Phone: +44-1525-850000
Telefax: +44-1525-850011

U.SA.

GRUNDFOS Pumps Corporation
17100 West 118th Terrace
Olathe, Kansas 66061

Phone: +1-913-227-3400
Telefax: +1-913-227-3500

Addresses revised 26.06.2006

V709 99 71 06 06

GB

Repl. V7 09 99 71 02 02
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