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Hydraulic simulation of the storm sewer basin I-1 of Nur-Sultan city

Abstract: In the article the variant of hydraulic calculation of one of the storm sewer basins
is considered, that gives comparison of results of classical calculation of the pressure and non-
pressure sewerage. Hydraulic calculation is carried out by means of mathematical modeling on
SWMM (Storm Water Management Model) program. The calculation of this program is based on
the laws of hydrodynamics taking into account the Manning equation. Designed in 1973 by the U.S.
Environmental Protection Agency, the computer program allows designers to check the project for
errors and thus prevents the project from becoming more expensive, based only on correct source
data from the pool of canalization.

Keywords: mathematical modeling, storm water management model (abbreviated to SWMM),
hydrodynamic calculation.
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Introduction. Today, the capital city has a separate sewerage system, i.e. domestic wastewater
and storm water runoff are discharged through separate networks to appropriate treatment facilities.
In turn, the storm sewer system consists of 32 drainage basins, each of which has its own treatment
plant from which treated storm water is discharged into the Esil River.

However, even with complete separate sewerage systems, only in theory surface wastewater is not
accepted into the city sewage system. In practice, the average annual unorganized additional inflow
of surface runoff into the city sewerage system is 4 - 7 % of the total flow of wastewater into the
system. However, during periods of prolonged intensive rainfall and snowmelt, the average daily
unorganized inflow can increase to 25% - 40% [1].

Thus, for example, the storm sewer collector on Bogenbai Batyr Ave., built and operated for
more than 35 years, through which the contaminated surface runoff of the area I-1 is fed to the
treatment facilities, is physically worn out and does not provide the necessary amount of water flow
with the increased load from additional areas of the catchment area with the territory adjacent to
the collector, which has been developed and built up in recent years.

For the normal operation of the collector it is necessary to reroute it along a new route, taking
into account the existing and perspective picture of development in accordance with the master plan
for this part of the capital.

During the periods of snow melting and heavy rainfall, the storm sewer system does not fully
cope with the load. This is due to the fact that the pipelines, which have lost their tightness and
are partially destroyed, can work as drains for a long time before soil erosion and accidents. At
the same time, they collect not only leaks from the water pipeline above, but also ground water.
Mass construction of roads, pedestrian sidewalks, parks and paved alleys contributes to this. As
a result, the area of soil, which absorbs melt and rainwater, is reduced. Given that most existing
collectors were designed according to the SNiPs of 40 years ago, their capacity does not fully meet
the necessary requirements.

Such a problem can be solved only with a systematic approach, research and development and
project development to assess opportunities and consequences [2].

Data and methods. To predict and prevent an accident in the designed storm sewerage net-
works, it is necessary to use the experience of developed countries in this industry. The US experience
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in this matter is limited to project verification using hydrodynamic modeling. The task consists in
creation of model of a sewerage network by means of special software SWMM (Storm Water Man-
agement Model).

The object of research is a collector between Bogenbai Batyr Ave. and Tlendiyeva Ave. Figure 1
shows the location of the drainage basin of the storm sewer of the area I-1 with a total area of 705.8
ha. In turn, as shown in the figure, the drainage area I-1 consists of two subareas I-1a and I-1b. The
drainage area of subarea I-1a under consideration is 477.8 ha.
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FIiGUurRE 1 — Sub catchment I-a

Following the map of the drainage basin I-1 of the storm sewer, in SWMM were placed collectors
and units, pump station. The drainage areas were placed in close proximity to the nodes, and their
area was calculated using AutoCAD software [3]. Figure 2 shows a picture of the resulting model.

-
-//////-
.

Ficure 2 — SWMM model on the site: from Node 57 to Node 23

For the construction of this model, storm water drainage networks from Node 23 to Node 57 were
designed. This work takes into account all input data, such as the geographical location of the wells,
material and diameters of the designed collectors, slopes, depth, geodetic marks as shown in Figures
3, 4.
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Junction 21 H Conduit 21-20 n

Property -'||I'I|ut ] Property [ Value ]
Name e Name 2120 =
X-Coordinate 7946500542 Inlet Node 20
¥-Coordinate 6651377.553 Qutlet Node 21
Description Description
Tag Tag
Inflows NO Shape CIRCULAR
Treatment MO Max. Depth 14
Irvert EL 335.86 Length 89.80
Mazx. Depth 4.0 Roughness 0.01
Initial Depth 0 Inlet Offset 0.10
Surcharge Depth 0 ! Outlet Offset 010
Ponded Area 0 Initial Flow 0 -
User-assigned name of junction User-assigned name of Conduit

Ficure 3 — Junction settings F1Gcure 4 — Conduit settings

It should be noted that for the correct operation of the model it is necessary to enter the exact
source data. In the future, this will reduce errors in the calculation. KazHydroMet has such data
as the volume of long-term daily atmospheric precipitation. Daily precipitation that fell on the
territory of Nur-Sultan from 1936 to 2015 were processed by statistical methods before their use as
input data for SWMM. Multi-year processed rainfall data are filled in the tables in Figures 5, 6.

The law of hydrodynamics is used as a basis for mathematical modeling. The hydrodynamic
calculation of the moving liquid in the pressure and non-pressure mode determines the speed of
the liquid flow and overflow ability of the wells during the downpour. SWMM uses the Manning
equation to express the relationship between flow rate (Q), cross-sectional area (A), hydraulic radius
(R), and slope (S) in all conduits [4],

Q= %ARQ/i“sl/? (1)

where n is the Manning roughness coefficient. The slope S is interpreted as either the conduit
slope or the friction slope (i.e., head loss per unit length), depending on the flow routing method
used.
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Rain Gage RG B Time Series Editor W
Time Series Name
Property Value | [15-5m
Description Ll Description
Tag I‘c'
Rain Format VOLUME [] Use external data file named below
Time Interval 0:05

Snow Catch Factor 10 [ Enter time sesies data in the table below

Ne dates means times are relative to start of simulation.

Data Source TIMESERIES Date Time ‘A View
(M/DYY) (H:M) Value
TIME SERIES: 0005 35
- Series Name T5-5m 0c:10 38
015 5
DATA FILE: 00:20 6
- File Name " fezs !
00:30 8
- Station ID * 0040 96 oK
- ram e W 00:30 1 Cancel
Units of rainfall dat i 2
n or rainta ata "?2"?3 j? . " Help
Ficure 5 — Data from the rain gauge Ficure 6 — Time series editor

For pipes with Circular Force Main cross-sections either the Hazen-Williams or Darcy-Weisbach
formula is used in place of the Manning equation for fully pressurized flow. The Darcy-Weisbach

formula is:
89 \ p1/2c1/2

where g is the acceleration of gravity and f is the Darcy-Weisbach friction factor. For turbu-
lent flow, the latter is determined from the height of the roughness elements on the walls of the
pipe (supplied as an input parameter) and the flow’s Reynolds Number using the Colebrook-White
equation.

Results and discussion. According to the results, it is now possible to monitor network flooding.
Using data from the weather station for a certain time, it is possible to determine the date of the
event (flooding), changes in water levels in wells and pipes. Figure 7 shows the result for the period
July 16-17, 2020.

Thus, with data from the weather station, it is possible to simulate in which wells and at what
moment the flooding occurred or will occur.

It was also possible to determine with the help of the model the difference in depth in the wells,
the water flow rate in the storm sewer network as shown in Figures 8, 9.

‘Water Elevation Prodle: Hode §Tp.3. - Hlssaca

"

.............................................................................................................

Ficure 7 — Longitudinal profile of gravity-flowing sewage collector 57r.w.-23 in the process of simulation
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[Era— —r= -

Ficure 8 — Depth difference in wells (m)

[T rEr—— =
@

Ficure 9 — Water velocity difference in pipes (m/s)

Conclusion. It is necessary to note that advantages of the developed hydraulic model are very
necessary and useful for the organizations designing storm water drainage systems in Nur-Sultan
city, especially for public utilities. As mentioned above, the quality of the model depends on the
accuracy of the original data. Therefore, the finished model should be calibrated and corrected. This
is due to the fact that each pipeline was built according to a working design and technical errors may
occur during construction. To address this situation, a technical inspection of the existing networks
is required.
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A.2K. XKycyn6ekos ! , E.B. 2Kapkenos ! , I. Yanr 2, A.B. 2Kapkenosa 3

L JI.H. Dymunes amuindaeo, Eypasus yammuos yrusepcumemi, Hyp-Cyaman, Kasaxcman
2 Hruxon yammow yrusepcumems, Hruxon, Kopes
3 C. Cetipyanun amwndaev. Kaszar azpo-mexnurarvs yrusepcumemi, Hyp-Cyaman, Kasaxcman

Hyp-Cyaran kanaceinnarbl I-1 Hecep Kopi3 6acceiiHiH rugpaB/INKAJIBIK MOAEJIbACY

Angarna. Makasnanga Hecep KaHOBID OaccellHAepiHiH OipiH TI'MAPOJMHAMUKAJBIK €CelTey HYCKaChl KapacCThIPHLIbIII,
TereypiHdi »KoHe TereypiHcid Kopi3 »KyileciH ecenTey HOTHXKEJEPIMEH CaJIBICTHIPBIIFAH. T'uppaBiaukaiblk ecen apHaiibl
MaTeMaTUKAJbIK MOAeabaey GarnapiaamacbiMer opbiHganran (SWMM). Aranran Garjgapiama TUAPOJMHAMUKA 3aHIAPBl MEH
Manuusar tenzpeyin eckepin kypacreippuirad. AKII-teiy Kopmaran oprambl kopray areHTTiriMern 1973 >KbIabl 2Kacayran
KOMITBIOTEPJIIK Oarjapsama »KobaJiaylibl KbI3MeTKepJepre KOMeKII KypaJs 6oJia OTBIPHII, JailblH KyObID KYPbLIBIC »KOOACBIH
TeKcepe/li, COHBIMEH KaTap »KOOaHBIH, KbIMOATTaybIHA XKOJI Oepmeyi Tuic.

Tyl ce3aep. MareMaTHKAJBIK MOJIEJbIEY, HOCED KAHOBIP CysapbiH 6ackapy mMoesni (SWMM), ruipoarHaMIKaJIbIK ecell.

A.2K. XKycynb6ekos ! , E.B. XKapkenos ! , /I. Yanr 2, A.B. 2Kapkenosa 3

I Kagpedpa npoexmuposarus sdanuti u coopysicenut, Eepasutickuti nayuonasvnud yrusepcumem um. JI.H. Dymuasesa,
Hyp-Cyaman, Kazaxcman
2 Kagpedpa epasicdanckozo cmpoumeabcmea u skoaozu, Unuroncrkud nayuonaivhod yrusepcumem, Hruzon, Kopea
3 Kagedpa menaosnepzemuru, Kasaxcruts azpomexnuseckud yrnusepcumem um. C.Cetipyaruna, Hyp-Cyaman, Kaszazcman

T'uapaBinydeckoe MoAe/IMpOBaHUeE JIMBHEBOrO KaHaJu3anumoHHoro 6acceiina I-1 r. Hyp-Cyaran

Annoranus. B craTbe paccMoTpeH BapHAHT MHAPABINYECKOTO PacueTa OJHOTO U3 JIMBHEBBIX KAHAJIM3AIMOHHBIX OACCEHOB,
9TO JaeT CPaBHEHHUE PE3yJIbTaTOB KJIACCHTIECKOIO PacdueTa HAIOPHON 1 Ge3HAIOpHON KaHaaum3aruu. ['mapaBiamdecKuil pacder
BBIIIOJIHEH € IOMOIIBIO MaTeMaTHIECKOro Mojenposanus Ha nporpamme SWMM (Storm Water Management Model). Pacuer
9TON IpOorpaMMbl OCHOBAH Ha 3aKOHAX THUAPOAWHAMUKN C ydIeToM ypaBHenusi Manuwnra. Paspaboranmnas B 1973 roxy
ArenrcrBoM 10 oxpane okpyzkaomieit cpeabl CIIIA koMnbioTepHasi IporpaMMa IIO3BOJISET IIPOEKTUPOBIIUKAM [IPOBEPATDH IPOEKT
Ha HaJINIHe OIIMOOK U TaKUM 06Pa30M IIPEIOTBPAIIAeT YIOPOXKaHUE IPOEKTA 33 CIeT KOPPEKTHBIX HCXOAHBIX JaHHBIX U3 bacceiina
KaHaJIU3aIiu.

KiroueBble cJyioBa. MaTeMaTHYeCKOe MOZEJIMPOBaHUe, MOJIEJIb YIIPABJIEHUsI JUBHEBbIMU Bojamu (cokpamenno SWMM),
TUAPOIMHAMUYECKUAN pacyer.
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