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CAUSES AND CONSEQUENCES OF CHANGES IN THE VALUES OF HYDRAULIC
CHARACTERISTICS OF METAL WATER SUPPLY AND SANITATION
NETWORKS DURING THEIR OPERATION

Purpose: It consists in carrying out a comparative
analysis of the values of the characteristics of the
hydraulic potential of metal pipelines used in assessing
the energy consumption of pumping units installed on
pipelines with different thickness of the layer of internal
deposits.

Methods: The reasons for changing the values of
hydraulic characteristics of metal pipelines during
their operation are developed in tabular form. A
concrete example shows the change in the values of
the characteristics of the hydraulic potential of pipes
with different thickness of the layer of internal deposits
included in the calculated dependence for determining
the actual energy consumption of pumping units.
Results: It is proposed to develop for the entire
range of manufactured steel pipes and pipes made
of gray cast iron, a scale of maximum permissible
values of the thickness of the layer of internal
deposits, according to which a decision should be
made to continue or stop the operation of pipe wires.
Conclusion: To recommend, based on the hydraulic
calculation of the characteristics of the hydraulic
potential of pipes for the given example, minimizing
the use of steel and cast iron pipes made of gray cast
iron in projects of water supply and drainage networks.
When operating metal pipelines, take into account the
dynamics of changes in the energy consumption of
pumping units with different thickness of the layer of
internal deposits.

Ieav pabomor: 3axatouaemcs 6 nposedeHuu cpasHu-
MeALHO20 AHAAUSA SHAYCHUTL XAPAKMePUCUK 2udpas-
AUHECK020 NOMEHUUAN MEMAAAULECKUX 1mpPYO0onposo-
006, UCNOALSYEMUIX NPU OleHKe IHEP2ONnOmpedAeHUs]
HACOCHLIX AZpezamos, YCmaHoGAeHHbIX HA mpybonpo-
600aX ¢ pasHoOll MOAUUHOLU CAOS 6HYMPEHHUX OMAO-
KeHUU.

Memoodwv1: Paspabomarivt 6 madAu4HOL Ppopme npuyu-
Hbl USMeHeHUS SHAYeHull UdPAGAUYeCKUX Xapakmie-
pucmux memarruueckux mpybonposodos 6 npouecce
ux axcnayamayuu. Ha xornkpemuom npumepe noxa-
3aHO U3MeHeH e SHAeHUTL XapaKmepucmuK 2udpasau-
Ueck020 nomeHuuara mpyo ¢ pasHoti MOAULUHOL CAOSL
BHYMPEHHUX OMAOKEHUTI, 6XO0AULUX 6 PACUENIHYIO
3A6UCUMOCHID OAsl onpedereHUs PaKmuueckozo IHepzo-
HOMpedAeHUS HACOCHVLX AZpezaros.

Pesyavmamor u ob6cyxdenue: Ilpedroxero pas-
pabomamv 0As 6cez0 COpmAMEHmMA GbINYCKAeMbIX
CAAbHVIX mpyd u mpyd us cepozo wyyna uiKary
npedeAbHO-00NYCIMUMBLX  SHAYEHUL MOAULUHDL CAOSI
SHYMPEHHUX OMAOKEHULL, N0 KOMOPOiL QOAKHO HpU-
HUMAMbCA peuterue 0 NPoJOAKEHUY UAU OCTNAHOEKE
akcnAyamavuu mpyoonposodos.

3axatouenue: Pexomendosamv Ha ocrose 2udpasiu-
Yeck020 pacuema Xapakmepucmux udpasauieckozo
nomeHyuara mpyo AL npusedenHoz0 npumepa Mu-
HUMUSUPOSAUE UCTOADI06AHUS 6 NPOeKMAX cemell
6000CHAOXKeHUS. U 60000MBEeHUS CTMAADHBIX U UY2YH-
HBIX MpYo U3 cepozo wyzyHa. Yuumoléamo npu aKcniy-
amayuy MemarAuLeckux mpyoonpoeodos OUHAMUKY
USMEHEHUS IHEePZONnOmpedAeHUs HACOCHVIX Azpezamos
npu pasHoil MOAULUHE CAOS GHYMPEHHUX OMAOKEHUTL.
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Introduction

During their operation life cycle, water supply
networks made of metal pipes (gray cast iron), as
well as drainage networks made of any type of
material, are subject to the formation of a layer
of internal deposits on the pipe walls under
certain conditions, which change the values of the
characteristics of the hydraulic potential of the
pipes (V, d_, i) [1-6].

Figure 1 presents fragments of deposits on
the inner surfaces of metal water supply and
wastewater networks.

Alayer of internal deposits on the walls of pipes
causes consequences that change the values of the
characteristics of the hydraulic potential of pipes
and affect the duration of use of worn-out networks
and the energy consumption of pumping units for
pressure networks and collectors [1, 2].

Karouesbre caoBa: zudpasauueckuil pacuent, meman-
Auveckue cemu 8000CHAOXeHUs U 80000meedeHus, Xa-
paKmepucmuky 2UOPasAU1eckoz0 nomeHyUaAd, aHep-
20nompedAetie HACocos, SHYMperHue 0MA0KeHUS

Table 2 lists the causes and consequences of
changes in the hydraulic characteristics of water
supply and wastewater pipelines with internal
deposits.

Methods

Using a specific example (Fig. 1), we perform
a hydraulic calculation and show changes in
the values of the characteristics of the hydraulic
potential of a pressure drainage collector made of
cast iron pipes with a diameter d_of 0.404 m.

Problem

A pressure cast iron collector with a diameter
d_of 0.404 m (GOST 9583-75) and a wall thickness
S of 12.5 mm (0.0125 m) pumps wastewater flow
q ‘of 140 1/s (0.14 m3/s) The thickness of the layer of
internal deposits o is 25 mm (0.025 m).

Fig. 1. Fragments of internal deposits on the walls of metal pipes:
a,b — Pressure drainage networks; ¢,d — gravity drainage networks
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TIpH9HHEl H3MeHEHHS SHaTeHHI

THAPABIHYeCKHX XapaKTepHCTHK
| TpYDOIpPOBOAOE |

Boagocuabxkenns Boaooteegenns

* Ka4YeCIBO TPaHCHOPTHPYEMOH BOARL ® COCTaE CTOYHEIX BOJ
* THAPABTHYECKHH PeskHM * CKOpOCTb OTOKA
* TOMINHHA CI0A OTI0KEHHH *  HATHYHE MECTHBIX COMPOTHEIEHHH
* IepHOJ IKCILTyaTauHH (BO3pacT * TOMIHHA C7108 OCATKA B JOTKOBOH

Tpydonposoaa) HaCTH TPYO

®  MepHOA IKCILTYaTallHH MEETY
IPOMEIEKAME
u IlocaeacTens Iqi
i l
HszmeHeHne anexTponoTpedIeHAa HsMeHeHHe YPOBHA (aKTHIECKOTO
HACOCHO-CHIIOBOTO 0DOPYI0BAHHA HANONHEeHAd

‘VEenHueEHe NOTeph HANOPA Ha

Hanesesne cpeaneil CKOPOCTH MOTOKA
CONMPOTHE/IEHHA N0 JTHHE op

Heagpexruenas sxciyaranss

1pydonporogor HaneseHHe rHIPABTHIECKOro YKIOHA

BosHERKHOBCHHE EOIMOKHOCTH BTOPEIHOTO
3arpA3HeHHA BOJBI

VEeqHIeEHe CONPOTHENEHHH N0 LTHHE

Coxpamenne NepHoaa IKCIUTY ATAMHE MEATY

HaneHeHHe 3HepronoTpe0IeHAs HAaCOCHEIX
arperaroe

TIpHYHHEL H NOCTeICTEHS HIMEHEHHT
3Ha9eHHH HAPABTHIECKHX XAPAKTEPHCTHE
TpyOonpoEOKoE

Fig. 2. Causes and consequences of changes in the hydraulic
characteristics of water supply and wastewater pipelines

We calculate and compare the values of the actual characteristics of the hydraulic potential of pipes
diy V., and i, and new cast iron pipes with a diameter g, of 0.429 m. Here, we present the change in
the energy consumption of the pumping unit N§y for the given conditions of the problem.

Solution
1. Accounting for the actual internal diameter, we calculate the average flow velocity V_ for new cast
iron pipes and pipes with a deposit layer thickness o of 25 mm as follows:

_4:q _ 4-014 _ 056
g .d2, 3,14 -0,3792 04510

= 1,24
gy = d,; — 25, = 0,404 — 0,025 = 0,379
d;"H = (d, — 2S,) — 20 = (0,404 — 0,025) — 2 - 0,025 = 0,379 — 0,05 = 0,329

S L 0,56
® 31403292 0,3399

= 1,65

The values of the hydraulic slope are calculated for new cast iron pipes d_and for pipes with a layer
of deposits o of 0.025 m. The calculation was made using the following equations [9, 10]:

Via)
i =0,00107 —————=
#@) [(da-25,)-20]" | \ija;
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0,00107- 1,242 0,00165  0,00165
i, =— : = =- =0,00582
H [0404-2-00125]*3 037913  0,2833 ’
, M/M;
. 0,00107 - 1,652 0,00291 0,00291 001234
1 = = = = f
® (0,404 —2-0,0125)— 2 - 0,025]'3 0,329'3  0,2357 , M/M.

The changes in the actual values of the hydraulic
characteristics of cast iron pipes d. of 0.404 m
with different thicknesses of the layer of internal
deposits of 0 + 30 mm (0 + 0.03 m) are given in
Table 1.

According to the authors, the operating
efficiency of pressure and nonpressure water
supply and wastewater pipelines (K',) should
be assessed using the value of the dimensionless
coefficient of the hydraulic efficiency of pipelines,
which is the ratio of the energy consumption
of pumping equipment installed in the new
plpehne N} to the value of energy consumption
in the pipeline with the actual thickness of the
deposit layer g — N2 or the ratio of the product
of the valtes of the characteristics of the hydraulic
potential of new pipes (V, dj,, and i¢) to the
product of the values of the same characteristics
for pipes with a specific thickness of the deposit
layer o, on their inner surface [11]:

where Niv is the rated value of the energy

2 .
ML % (@)
aq)_N_

z

o Ve () O
consumption of *the pumping unit in the new
pipeline (kW/h); “dv is the actual value of energy
consumption of a pumping unit operating in a

~ipelize with » deposit layer thickness o, (kW/h);
Ve, @in, and Ic are the values of the calculated
(Certlfled) characteristics of the hydraulic potential
of new pipes at the #ime of pritting the pipeline into
operation; and Ya, %in, and !a are the values of the
actual characteristics of the hydraulic potential of
worn pipes with deposits at the time of assessment.

The limiting value of the layer thickness of
internal deposits o in Table 1 is presented in bold.

The analysis of the values of hydraulic
characteristics presented in Table 1 revealed the
following.

For the conditions of the given example, the
values of the actual internal diameter of a pipe with
internal deposits of different thicknesses decreased
from a d,_ of 0.400 m (pipe without deposits) to a

in of 0.319 m (pipe with a layer of deposits o =
0.03 m, i.e., by 15.83% or 1.19 times). This resulted
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in an increase in the flow speed from V =1.24 m/s
(in a new cast iron pipe) to V, = 2.47 m/s (in a pipe
with a deposited layer of o = 0.03 m), that is, by
49.8% or 1.99 times.

Under these conditions, in comparison with a
new pipe, the values of the actual pressure loss due
to resistance along the length (hydraulic slope)
i increased in the range i = 0.00581 m/m < i<
0.02883 m, that is, by 51.29% (pipe with a layer of
deposits 0 = 0.03 m) or by 4.96 times.

. According to Table 1, a graph of the dependence
la = f(0) is plotted in Figure 3, confirming that the
~~a1ller the value of the actual internal diameter
in in pipes with a deposited layer o, the greater
the value of the hydraulic slope i, and the greater
the value of the actual flow velocity V.. This was
also confirmed by the values of the hydraulic
efficiency coefficient of the pipeline K, which,
for the given example, characterized the influence
of the layer thickness of internal deposits o on the
values of the pipeline hydraulic characteristics.

For the given example, we determined the
limit value of o, above which further operation
of the pipeline is unacceptable—0.018 m (Table
1). That is, at o, of 0.018 m, the pipeline must be
decommissioned.

An expert assessment by specialists involved in
the operation of water supply networks made of
metal pipes recommends the following.

The decrease in the actual internal diameter of
steel and cast iron pipes (made of gray cast iron)
with internal deposits should not exceed 5% of the
nominal internal diameter of the pipes; that is,

di = dip = (dy

mn —

~2-5,)-20=5%

For the example given, this corresponds to
di, = dl' — 5% = 0.379 — 0.01895 = 0.360 ™M

Therefore, for the given example, the limiting
value of the actual thickness of the deposit layer o,
should not exceed the value

0a=0.379 - 0.360 = 0.018 m (1.8 mm).

This is indicated in bold in Table 1.
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Table 1
Deposited layer | Actual average Actual mterpal Actual specific Pl.pfahne hydrz?u.hc
- . diameter of nines pressure loss 1000 | efficiency coefficient
thickness o (m) | velocity V_(m/s) . 8 .

a with deposits &in (m) i ia
0 1.24 0.379 5.81 1.0
0.005 1.31 0.369 6.71 0.87
0.01 1.38 0.359 7.72 0.76
0.018 1.52 0.343 9.94 0.58
0.02 0.55 0.339 10.49 0.56
0.03 2.47 0.319 28.83 0.14

In this case, the limiting value of the pipeline
hydraulic efficiency coefficient K is as follows:

0.00581 - 0.3792 -
0.00994 - 0.3432 -

124
1.52

0.001035

0001778 - 058

eff =

This proves that with a value K  of 0.58, further
operation of the pressure manifold with a diameter
d_of 0.404 m is unacceptable.

For the conditions of the problem considered,
we calculated the actual energy consumption of
pumping equipment nZ, installed on a pressure
manifold with a diameter d_of 0.404 m and an
internal deposit layer thickness o, of 0.03 m (30
mm).

The methodology for calculating the energy
consumption values of pumping and power
equipment yg has been presented in previous
studies [2, 11].

The value of ya for the conditions of the given
example was calculated using the following
equation [11, 12]:

0,00808 , kW/h, (2)

2
p(a) _ : p(a)
Ng," =10° - Lp(a)'(din ) Vot -

Np(a) . .
where "av  is the value of energy consumption
of pumping equipment in the new (p) and worn-oit
(c p(a)'pehnec at the time of assessment (kW/h); Ip(a)
, and Vp(@ are the values of the characteristics
of the hydraulic potential of new (p) and worn-out
(a) pipes with a deposited layer thickness o; and 7
is the pumping unit efficiency. For the calculations,
the value n was taken as 0.7.
Table 2 presents the energy consumption values
~f the pumping units installed in a new pipeline
dv and in a pipeline with different thicknesses of
the layer of internal deposits 0.
The graph presented in Figure 4 for the
given example confirms the change in energy
consumption of the pumping units and shows

,m

that the greater the thickness of the deposit layer
o, the greater the energy consumption of the
pumping units (Table 2). With a value of o > 0.018
m, the actual value of the energy consumption
of the pumping units Niv installed in a pipeline
with a diameter d_of 0.404 m increased sharply.
This means that during the operation of pressure
collectors made of cast iron pipes, the actual values
of the layer thickness of internal deposits o, must
be controlled.

i P
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10,0 —
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" 1 T T T
0,005 0,01 0,02 0,03

Fig. 3. Dependency graph i =f(0)
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Fig. 4. Dependency graph N§, = f(oa)
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Table 2

Energy consumption of pumping units

Actual inner diameter Actual thickness of the internal Actual energy consumption of
of pipes @ (m) layer of deposits o, (m) pumping units Ndv (kW/h)
0.379 11.94
0.369 0.005 13.81
0.359 0.010 15.84
0.343 0.018 20.51
0.339 0.020 21.56
0.319 0.030 83.62
Conclusion Hydraulic Characteristics of Pressure Sewer Headers

The analysis of the graphs presented in Figs. 3
and 4 enables us to draw the following conclusions:

1. For the entire range of steel and cast iron
pipes (from gray cast iron) produced following
GOST, a scale of limit values of the permissible
thickness of the layer of internal deposits 0 must
be developed to regulate the further operation of
pipelines.

2. The use of steel and gray cast iron pipes
when developing projects for water supply and
wastewater networks should be minimized by
law.

3. A method for monitoring the actual layer
thickness of internal values o, during the
operation of pipelines made of metal pipes should
be developed.

4. Based on the thickness of the deposited layer
o, a legislative method should be developed to
justify the need for hydrodynamic (mechanical)
cleaning of pressure water supply and drainage
networks from metal pipes.

5. When selecting pumping units for metal
water supply and sewerage networks, the
dynamics of changes in the energy consumption
of pumping units operating in pipelines with
different thicknesses of the layer of internal
deposits o, should be considered.
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