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ASSESSMENT OF WEIGHT OF SEDIMENT FORMATION
DEPOSIT IN MUNICIPAL COLLECTOR SYSTEM (MCS)

Lyudmila V. Volgina, Stanislav A. Sergeev

National Research Moscow State University of Civil Engineering, Moscow, RUSSIA

Abstract: The main purpose of this work is to provide calculations of annual weight of sediment formation
deposit in Municipal Collector System (MCS). The article considers two-phases flow in the collector. The storm
water collector is small culvert for storm water (rainwater) or for removing the river (creek, stream, flow)
underground. The article defines the solid particles in flow as sand, clay, stones, silt, etc. It was found that in case
of signiflicant flow rate, then all solid particles move in the pipe. If not, they settle to the bottom and sediment is
formed. In this paper, total weight of sediment formation in Moscow collector system is calculated at average
annual values. On this ground a consideration can be made that sediment deposit reduces efficiency of the
system partially or completely.
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OILIEHKA MACCBHI OTJIO)KEHUH, POPMHUPYIOILIINXCSH B
I'OPOJICKOM KOJIJIEKTOPHOHU CUCTEME

JI.B. Boneuna, C.A. Cepzees

Hauunonanbuelil ncecnenoBarenbckuil MOCKOBCKUN TOCYIapCTBEHHBINA CTPOUTENbHBIN YHUBEPCUTET,
. Mocksa, POCCH

Annotanusi. OCHOBHAs IIeJIb HACTOSIIECH pabOThl pacdyeT Macchl OTIOKEHUH, (GOPMHUPYIOMINXCS B FOPOJICKON
KOJUIEKTOPHOW cucTeMe exerogHo. IIoTok B KoOJIEKTOpe paccMmaTpuBaeTcst Kak AByx(asubiil. Komnexrop
MpeAcTaBisieT co00W Maoe BOAOMPOITYCKHOE COOpYXKeHHe (TpyOa) /st PoITycKa JIUBHEBOH (JI0KIEBOI) BOBI
WM 711 OTBOJA PeKH (IIPUTOKA PEKH WM Pydbs) O] 3eMJII0. B cTaThe paccMaTpuBarOTCsl TBEP/BIC YACTHIIBI
TaKHe Kak rajbka, IeCOK, IIMHA, U U T.J]. JBUTAIONIMECs C TOTOKOM, B CIIydae 3HAYNTEIBHOIO PAacxoa BOABI, U
OCeIaroT Ha THO KOJIIEKTOpa (oOpa3yeTcs OCaJoK), eCM PHEPTrHuu IOTOKa HeaocTaToyHo. B manHO# pabote
o0mras mMacca OTJIOXKEHHH, (OPMHUPYIOUINXCS BO BCEH MOCKOBCKOW KOJUIEKTOPHOH CHCTEME, paccCuuTaHa II0
CpEe/IHeroJIOBBIM 3HaueHHsM. Ha OCHOBe IOJy4eHHBIX IaHHBIX C(HOPMYJIMPOBaH BBIBOJ, 4YTO 0Opa3oBaHUE
0CaJIKa CHU)KAET MOJIHOCTHIO I YaCTUYHO 3()(HEKTHBHOCTH PabOTHI TOPOICKON KOJUIEKTOPHON CUCTEMBI.

KiroueBbie cjioBa: cucTeMa KOJUICKTOPOB, JJMBHEBEIC TPYObI, KAHAIM3AIUOHHBIC TPYOBI, TBEPIbIC YaCTHUIIHI,
KaHaJIHU3a1us, 00pa30BaHUE OTIIOKCHUIA

INTRODUCTION

With the increase of urbanization in cities,
problems due to storm water become more and
more important: floods, overflows, pollution of
receiving waters, high exploitation costs due to
sediment deposits [1,4,5]. Since the mid-20th
Century, the fundamental research of “solid
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transfer in sewers” has been carried out for
improvement urban environment [7, 13].

On the territory of Moscow, the total length of
the river network is more than 600 km. About
295 km of them (more than 160 rivers) flow
underground (Fig. 1) in tube under industrial
and civil constructions and have become part of
municipal storm system.
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The storm water system is separated from sewer
systems in Moscow. The volume of transport
and sedimentation inside tubes relates to the
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concentration and types of solid particles shed
into the water or ground.
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Figure 1. Moscow underground rivers map

As storm water covers streets and other
waterproof surfaces, it transports pollutants
such as oil, chemicals, pathogens, and
sediments. This pollution is carried by storm
water and discharged directly into local
waterways, which has a negative impact on
water quality. The pollution levels of Moscow
consist of four zones: transport, residential,
park and industrial. The studies have shown
[3,9,11,14] that the main pollutant of surface
runoff is suspension and dissolved petroleum
products, the source of which is transport and
collapsing asphalt road surfaces. The main
pollutants arising from the operation of roads
are oils, lubricants, propellants, tars, silicones,
exhaust gases produced by the fuel
combustion, abrasive products of broken car
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discs and tires, asphalt, ashes, dusts, organic
bituminous  ingredients, and  remnants
provided after the maintenance of roads in
winter [15,17]. The infrastructure (roads,
sidewalks, @ commercial and residential
structures) added during urbanization process
is designed to collect storm water in Moskva
river water channels. The quality of water is
influenced by river suspended particles and
pollutants collected on impervious surfaces
and that are carried by urban storm water
runoff. The flow is caused by the slope. Flows
in collectors can be unsteady, irregular with
variable roughness coefficient and two-phases
with wide list of solid particles [8, 18].

The literature review [2, 4, 6,10,12,16] presents
the modern concerning sediment sewer transport
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modeling. After a description of solid particles
found in tubes and in storm water, the different
steps considered in models are described: a
transfer through model and a model of
deposition (sediment formation) and erosion in
sewer pipes.

The design Moscow Collector System (MCS)
consisted of two tasks: the main one was
protection of floods and the secondary was self-
cleaning support.

On the regulation basis, the condition in the tube
can be self-cleaning. However, Mosvodostok
(Moscow engineering system) removes the main
part of sediment deposition manually or
mechanically. The main purpose of this work is
to provide calculations of annual weight of
sediment formation deposit in MCS.

METHODS

At the turn of the 19"-20" century, the city’s
(municipal) sewerage system appeared in
Moscow. Also problems with the storm water
collection and water irrigation were solved.
Most of now operating collector systems were
built in period of 60-80 years of the 20™
century. Collectors are used for:

o Storm water collection (to protect the
territory from flooding)

o City’s development (increasing
territory and district connection)

o Ecological goal (reduced
pollution from the water flows)
Collector system is extensive, complex net
(network) of tubes (tree like), where tubes of
smaller diameter are connected to tubes of large
diameter. There are two types of collectors in
MCS, with or without connection to the sewage
treatment plants. In the current work we take
into account the collectors with connection
straight to the river.

The Data Base (DB) consists of characteristics
of 2421 collectors (outlet tubes) of MCS. DB
allows us to evaluate the efficiency of work of

the

entering
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the whole municipal storm system. The
working array was built in eight columns and
2421 lines:

s 4lor Her Hes e b Here Her |

where S — water catchment area for runoff
tube, D’

1

range 100 to 5000 mm, C/- cross-section

(1

— local runoff outlet tube diameter,

parameter — ‘“rectangular” or “round”; R’ —

ratio — part of water catchment area for local
runoff tube (percent):

[R']= [‘2] -100% )

S — Moscow water catchment area (m?) = 83.5
acre; D — diameter runoff tube (m), Q" part of

rate in local runoff tube (m?/s), O — water rate in
MCS:

lor]- Q[i;] G)

V" - average flow velocity (m?s) and H —
depth flow in tube, P* - condition execution

“yes” or “no” parameter. In current work, we
used the following condition based on state
regulation: “If the flow in collectors has average
velocity less than recommended self-cleaning
velocity, Vs, solid particles will settle in the
bottom and the sediment is formed”.

The output rectangular cross-section occurs in
2% of cases (45 pieces) and round in 98% of
cases (2376 pieces). The total average annual
flow rate can be obtained from the water
balance of the Moskva river. The water
balance of river catchments is the ratio of the
arrival and flow of water over a period of time
(Table 1).

25



Lyudmila V. Volgina, Stanislav A. Sergeev

Table 1. The total annual water balance of Moskva river

3
RATE min e per | sy
year

Storm water 600.00 19.29
Moskva river at the entrance to the city (data collected at the 1 144.76 36.80
Karamyshevskaya dam)
Tributaries (Yauza, Setun, Gorodnya, Skhodnya, Nishenka, Desna) | 353.32 11.36
Irrigation water 10.00 0.32
Leaks through the tube -256.23 -8.24
Removal of water from the city, Moskva river (data collected at the -

s -2 680.56
Perervinsky dam) 86.18
Unaccounted tributaries 828.71 26.64
Balance 0.00 0.00

A part of the flow rate (Q) — average annual
flow rate in collectors — is flow rate entering the
collector system and is taken as the main

calculated flow rate (average annual) passing
through the entire collector system (Table 2).

Table 2. Estimated average water rate in MCS

RATE mln m? per year | m%/s
Storm water (30% of total 600.00) 181.56 5.84
Tributaries in tube (Setun, Gorodnya, Skhodnya, Nishenka) 157.7 5.07
Irrigation water (100% of total 10.00) 10.00 0.32
TOTAL 349.26 11.23

For the average annual flow rate passing
through the MCS, 11.23 m%/s is accepted in this
work.

Taking into account the pipeline diameter, the
bottom slope and the wall roughness (Chezi
formula) for all possible depths of the pipeline,
it is possible to plot the dependence of the flow
rate (and, consequently, the velocity) on the
relative depth H'. Therefore, if the flow rate in

each local collector is known, then the average
velocity in each one is known.

The process of application of the overall
methodology is illustrated in a Fig. 2.

The self-cleaning velocity is in range of 0.7 —
1.6 m/s., and detection condition Vs > V" for

average annual flow rate (flow rate in MCS is
11.23 m?/s in Table 3). In the UK BS 80056
(British Standard) recommends a full pipe
velocity of 1 m/s in order to ensure that a
velocity of 0.75 m/s is exceeded at least once
each day on average [5].
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Construction Data Sediment Data
Data should be collected regarding the existing Data should be collected regarding the nature
collector system (diameter, cross-section shape, of the sediments found in the system

catchment area)

Hydraulic Data

Data should be collected regarding the in-tube
hydraulics

Data collation

All relevant data should be collated, and then used to
test the criteria

v

Criteria of self-
cleaning velocity

Output

Weight of deposit may now be calculated

Figure 2. Schematic application of the calculation procedure

Table 3. Velocity analysis

Diameter range Quantity of | Maximum flow Average Quantity of tubes
mm tubes rate, m’/s velocity, V", with self-cleaning
m/s velocity conditions
below 300 513 0.016 to 1 3
from 300 to 400 678 0.03 to 1.5 7
from 400 to 500 165 0.008 to 0.008 2
from 500 to 600 153 0.1 to2 9
from 600 to 800 132 0.13 to 2.33 7
from 800 to 1000 263 0.23 to 2.72 15
from 1000 to 1200 91 0.13 to 2 12
from 1200 to 2500 122 0.4 to 2.95 10
from 2500 to 5000 304 0.6 to 1.6 10
TOTAL 2421 75
For the average annual flow rate (in the MCS), o 97% of solid (silts) particles (diameter
the data was estimated as 11.23 m%/s and for up to 5 mm), will settle to the bottom.
particles brought into the collector system from e 87.6% of the suspended solids will settle

the outside: to the bottom.
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RESULTS

In 2346 out of 2421 collectors, there is a
condition not sufficient for transporting solid

Lyudmila V. Volgina, Stanislav A. Sergeev

particles. Therefore, suspended solid particles
deposit in button (in other words, the collector
works as a sewage treatment facilities). The
condition of calculation can be seen in Table 4.

Table 4. Conditions of calculation

Condition Setting
Geometry Cross section shape (circle or rectangular) (0.3 —5.0) m x (0.3 —-5.0) m
Roughness coefficient | Concrete: 0.011
Slope 0.005
Density: 2650 kg/m?
Particle diameter: < 50 mm
Soil Concentration:
suspended particles 20.78 mg/I
petroleum products 0.58 mg/l
Density: 1000 kg/m?
Water Dynan?ic Viscos%[y: 0.001004 Pa-s

The calculation was made to estimate the weight
of solid particles depositing in MCS (Table 5).

Particle diameter is maximum inlet diameter,
regulated by the standard. Concentration date is
based on average actual data for 2019 on the

volumes of suspended particles entering the
sewage plants (Berezovaya Alley, Ivanovskoe,
MKAD  No.7, Yurlovskaya). Cleaning
efficiency is average for Moscow sewage plants
used as deposit process parameter.

Table 5. Weight sediment deposit

No | Parameter Unit Formula Quantity
3

1 Volume of the storm water flow mln}.]ér;r per 254.52

2 Concentration of suspended solid particles mg/l 20.78

3 Weight of solid particles moving in the flow thsd. tons 3=1%2 5.29

4 Cleaning efficiency percent 65.83

5 Colleic'tors with low self-cleaning velocity percent 7.6
conditions

6 Weight of suspended solid particles deposit in thsd. tons 6= 3%4%5 3.05
the bottom

7 Concentration of petroleum products mg/l 0.58

2 Weight petroleum products particles moving in thsd. tons g = %7 015
the flow

9 Cleaning efficiency percent 62.16

10 Colle.c.tors with low self-cleaning velocity percent 37 6
conditions

1 Welght of petroleum products particles deposit thsd. tons 11 = 8%9%10 0.08
in the bottom
Volume of the 4 big branches (tributaries) of | mln. m3 per

12 : 157.7
the Moskva river year
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13 Average solid particles (silt) concentration in mg/l 369 4
rivers

14 | Weight of solid particles in rivers thsd. tons 58.25

15 | Cleaning efficiency percent 65.83

16 Colle'c'tors with low self-cleaning velocity percent 97
conditions

17 Weight of particles from rivers settled in the thsd. tons 17=14*15%16 3790
bottom

18 | TOTAL weight of sediment deposit thsd. tons 18=6+11+17 40.33

CONCLUSIONS

The estimation of the average annual weight of
solid particles deposited at the bottom of the
tubes in collector system of Moscow is 40.33
thousand tons (based on the average annual
level of water consumption, turbidity and dry
sediment).
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