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Abstract 
 

Measures of flooding process on urban areas, urban stormwater sewerage systems and methods regulation of stormwater need to be 

rectification. The method of temporary interception stormwater at places of their precipitation with infiltration basins is reviewed. 

Infiltration basins are used to reduce the peak load on existing stormwater sewerage facilities, prevent the causes of flooding by 

stormwater. The processes of stormwater formation on urban areas is analyzed. Analytical dependencies for the hydrograph construction 

of flow through sewers and their inflow to the accumulation points were obtained. Conditions for the regulation of stormwater on urban 

areas with its partial flow and temporary interception on infiltration basins are determined. A refined exponent formula with a coefficient 

taking into account the filling of the pipeline for hydraulic and optimization calculations of pressure and non-pressure sewerage pipelines 

are proposed. Numerical values of coefficients and exponent of the specified formula for Ukrainian normative indicators of working 

conditions and calculations of sewerage pipelines are obtained. The full expediency of the refined power formula for practical use has 

been confirmed. The application of this formula for calculations of the compatible work of the pipelines and joint operation with the 

stormwater regulating construction to calculate the work of sewerage networks in the pressure and non-pressure conditions and identify 

possible areas of flooding with location of infiltration basins there. 
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1. Introduction 

In recent years, there are significant processes of flooding of urban 

territories. It is known that the causes of these phenomena are not 

only climate change, which contribute to the fallout of high-

intensity rains. Another reason is the increase in areas with imper-

vious pavement and disruption in the operation of  sewerage 

systems and their imperfections [[6], [10], [11]]. As a rule, 

flooding of urban areas is temporary (usually no more than 0,5-1 

hours). But the losses from it are significant (flooding cars, 

basements of buildings, washed away of road pavements, 

destruction of green planting, sanitary pollution of territories, etc.). 

The flooding of the areas is observed for a longer time, and on 

separate plots constantly. It also leads to the flooding of basements 

of buildings, the destruction foundations of buildings, engineering 

communications, road pavements, green planting, etc. Practice 

shows that flooding of territories takes place even when the 

system of rain drainage works properly, but the urban territory has 

a rugged terrain [[10], [11]]. In many cases, at rains are of high 

intensity, when the networks operate in the pressure regime, 

flooding of the territories is carried out through stormwater and 

inspection wells [[11]]. An analysis of such conditions of flooding 

on urban areas showed that they are due to the imperfection of 

urban stormwater systems, caused by the permissibility of 

pressure regime in sewers [[1]]. Pressure regime is not sufficiently 

substantiated for hydraulic calculations of stormwater systems. 

Separately, valid methods of calculating stormwater sewerage [[1], 

Error! Reference source not found., [7], [17]] do not envisage 

the joint operation of all sections along the length of the sewer of 

stormwater sewerage. In recent years, construction and sewerage 

networks or their unsatisfactory condition only complicate the 

problem and become widespread.  

The problems of study the conditions for the forming stormwater 

on urban areas, the operation of stormwater sewerage systems and 

their calculations were undertaken by such leading scientists as 

Bolshakov VO, Zhuk VM, Konstantinov Yu.M, Panteleit GS, 

Tkachuk SG, Abramov LT, Alekseev MI, Belov NN, Gorbachev 

PF, Dikarevsky VC, Kurganov AM, Molokov MV [Error! Refer-

ence source not found.-[7], [16]], Ferguson B. Horton R., 

Królikowska J., Królikowski A., Mays L.W., Rossman L.A., 

Weitman D., Weinberg A., Goo R. [[18]-[21], [23]], etc. These 

scientists have made a significant contribution to the study of the 

processes of forming the estimated discharges of stormwater by 

various methods. For example, the limiting intensity, the research 

of individual methods and modes operation of construction for the 

regulation of stormwater runoff. However, the issues of 

optimizing the operation of sewerage systems are not solved, 

based on a systematic approach to the regulation (collection and 

discharge) and the treatment of stormwater. In recent years, in the 

National University of Water and Environmental Engineering in 
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Rivne has started comprehensive research on solving these issues 

[[11]-[15]]. 

Today, the methods of regulating stormwater, which allow to 

accumulate stormwater directly in the places of precipitation, have 

a great importance. This allows to keep water balance, prevent 

flooding of territories, reduce the maximum load on existing 

sewerage systems and prevent pollution. One of such methods is 

the installation of infiltration area with the subsequent drainage of 

detained stormwater in the pipelines of the sewerage system [[11] 

[13]]. The use of various types of permeable pavement can 

significantly increase the infiltration area, and therefore the 

volumes of temporarily delayed stormwater [[2]]. For this purpose, 

such city territories as parking for cars, various kinds of roads, 

lawns, etc. can be used. The normative base [[1]-[3], [21]] of such 

regulation of stormwater requires a generalization and theoretical 

estimation.  

2. Main Body 

A comprehensive solution to the problems of stormwater 

management in urban areas involves conducting research to 

improve methods of calculations and engineering approaches to 

the arrangement of separate constructions of urban stormwater 

sewerage systems. Among the main areas of such research should 

be distinguished: 

- formation of the estimated discharges and volumes of 

stormwater in the places of their accumulation and spillway; 

- calculations of the compatible work of stormwater sewerage 

facilities for the most typical modes of stormwater inflow; 

- accumulation of stormwater and treatment of sediment and 

pollution. 

2.1. Formation of estimated discharges and volumes of 

stormwater 

The process of formation of stormwater depends on many natural 

(intensity and duration of rain and between rainy periods, terrain, 

hydrological regimes of reservoirs) and technical (the state of the 

stormwater sewerage system, the characteristics of the coverings 

and soils in urban areas, the conditions for the release of 

stormwater in the reservoir, etc.) factors. According to existent 

norms [[1], [3]] estimated runoff discharges of stormwater are 

determined by the method of limiting intensities; changes in their 

magnitudes in time and based on the graphs of their inflow to the 

calculated control point, hydrographs of runoff [Error! Reference 

source not found., [5]]. The scientific basis for constructing 

hydrographs of stormwater from the urban area provides for the 

construction of a runoff model with the determine the dependence 

of rainfalls and the formation of runoff, restrictions on their 

application and the adoption of reasonable assumptions and 

simplifications without which the construction of the model will 

be complicated or impossible at all [[9], [16], [23]].  

The basis of runoff model is the method of limiting intensities. By 

this method, the calculated duration of the rainfall takes equal to 

the duration of the flow of surface water from the most remote 

point of the basin to the settlement reference point of the system, 

and the inflow of stormwater which is proportional to the area of 

flow. In this case, for sewerage sewers, the inflow of stormwater 

in their length is taken uniform, and the flow area which evenly 

located along the sewer [Error! Reference source not found., 

[5]]. From this point of view, the sewer itself should be divided 

into separate plots, for each of which the flow area can be 

considered evenly located along the sewerThe scheme of inflow of 

stormwater to such a separate section of the sewer is shown in Fig. 

1. According to the intensity of the inflow of stormwater to the 

control point K section of sewer's, the area of water collection has 

three zones: an intensive, stable and slow growth of the collection 

of stormwater. 

 
Fig. 1: Estimated scheme forming stormwater inflow at the control point К 

to the sewer: 1, 2 and 3 - zones of increase of stormwater collection, 
respectively, intensive, stable and slow 

 

In the adopted model formation of stormwater for each section of 

the sewer (at the i-th control point), the estimated discharge of 

stormwater qі, in l/s, was determined according to the norm [[1]]. 

In this case, the rain duration tr.і is assumed to be equal sum of 

time flow of stormwater on the surface the built-up area tsw (time 

of surface concentration and in the trays) and the time of flow 

through the pipeline tp from the most remote point of the basin of 

flow to the calculated control point. The consumpltion of rain 

runoff on each (i-th) section qі is represented in dimensionless 

coordinates, dividing them into the expense at the end point qК. 

Relative consumpltion q'і is calculated by the formula 
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where Fі' is the relative area of the drain for an i-th area 

determined by the ratio of the area Fі to FΣ ; t'r.і is relative 

duration of the rain for the i-th section of the sewer, which is equal 

to the ratio of the duration of the discharge  water to the control 

point on the i-th section tr to the duration of the discharge of water 

at the end point of the sewer tr.K, through which all the volumes of 

stormwater pass; q'0i is relative specific intensity of the arrival of 

stormwater for the i-th section of the sewer 
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Each zone formation of stormwater has its own characteristic 

patterns, which include: 

 increase in the inflow of stormwater is proportional to the area 

of the runoff with an increase in the time of water flow to the 

control point; 

 increase of the area of runoff in time is determined by its 

differential dF at infinitely small distance dх (Fig. 2): dх = Vp
.dt; 

 changes in the relative discharges of stormwater in the i-th area 

dq'і at the control point of the sewer were recognized by formula 

3; 

 changes in relative discharges of stormwater q'і were recognized 

in the time from the beginning of the rain by integrating type 

dependencies (3); 

 changes in relative volumes of stormwater dW'і, passing through 

the control point of the sewer were recognized by formula 4; 

 values of the relative volumes of stormwater W'і were 

recognized in the time from the beginning of the rain by 

integrating type dependencies (4). 
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where 
'

'
i

t

)F(



  is derivative function of changing the relative 

runoff area in the corresponding zone; Vsw is average velocity of 

runoff on the surface (roofs, sidewalks, trays, etc.); Vp is average 

velocity of water in the pipeline. 
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where q'і is relative discharge of rain runoff of the i-th zone at the 

control point of the sewer, which was determined by the 

dependence obtained on the basis of the formula (3). 

The characteristics of each zone formation of rain runoff depend 

on the form area of runoff and kinds dependencies of type (3), as 

well as the limiting values of the duration of the discharge of wa-

ter from each zone to the control points. 

 
а) 

 
b) 

 
c) 

Fig. 2: Schemes formation of the inflow stormwater in the zones of growth 

of their runoff: a) intensive; b) stable; c) slowed down 

In accordance with these features and characteristic regularities of 

flow, we obtained the following formulas for the values of relative 

consuptions of stormwater q'і and relative volumes of stormwater 

W'і in time from the beginning of the rain: 

а) in the zone of intense growth of runoff (Fig. 2а): 0 < t < t1; 

(0 < t' < t'1);  t'1 = t'sw; 
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b) in the zone of stable growth of runoff (Fig. 2b):  t'1 < t < t2;  

(t'1 < t' < t'2);  t'1 = t'sw;  t'2 = t'р; 
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where q'1і is relative water discharge at the end of the 1-st area of 

the runoff for the i-th zone t' = t'1; 
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where W'1і is relative volume of water passing through the control 

point of the sewer after the end of the 1-st area of runoff, at t' = t'1; 

c) in the zone of slow growth of runoff (Fig. 2с):  t'2 < t < t3;  

(t'2 < t' < t'3);  t'2 = t'p;  t'3 = t'r.і; 
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where q'2і і W'2і is relative discharge and volume of water passing 

through the control point of the sewer after the end of the 2-nd 

area of runoff, at t' = t'2. 

The relative discharge at the end of the 3-th zone (the time of the 

completion of the rain, t' = t'r.і), which is the maximum discharge 

of the hydrograph, is equal to 
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and the relative volume of water after the completion of the rain 

(at t' = t'r.і) is    
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At the completion of the rain (при t' > t'r.і) discharges and 

volumes of water will be formed during the time of discharge of 

water from the most remote to the control point the basin of flow. 

The whole area of the basin of the flow 1-th area will be 

discharged from stormwater during the time t'r.і = t'p.і + t'sw, and 

from the beginning of the rain  2t'r.і. Having calculated the relative 
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discharges q'і by formulas (2) and (3), the relative volumes of 

water W'а.і by integrating formula (4); the relative areas of flow 

F'і separately for each of the zones of reduction the area of the 

flow having a mirror position relative to the growth zones of the 

runoff (Fig. 1), the following formulas are obtained for eachzones 

of the runoff: 

а) zone of intense decrease of runoff (in fig. 1 - zone 3): 

tr.і < t < tа;  (t'r.і < t' < t'а);  t'а = t'r.і + t'sw; 
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where q'r.іis relative water discharge on the i-th zone at the com-

pletion of the rain; 
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where W'r.і is relative volume of water passing through the control 

point of the i-th section of the sewer at the completion of the rain, 

which is calculated by the formula (12); 

b) zone of stable decrease of runoff (in fig. 1 - zone 2):  

t'а < t < tb; (t'а < t' < t'b);  t'а = t'r.і + t'sw;  t'b = t'r.і +  t'p;  
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where q'а.і is relative water discharge at the end of the previous 

runoff zone for i -th area, which is calculated by the formula (15) 

at t' = t'а = t'r.і + t'sw; 
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where W'а.і is relative volume of water passing through the control 

point of the sewer at the completion of the previous runoff zone, 

which is calculated by the formula (14) at t' = t'а = t'r.і + t'sw. 

c) zone of slow decrease of runoff (in Figure 1 zone 1): 

t'b < t < tc;  (t'b < t' < t'c);  t'b = t'r.і + t'p;  t'c = t'r.і + t'sw + t'p;  
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where q'b.і is relative water discharge at the end of previous runoff 

zone on the i-th section calculated by formula (15) for  

t' = t'b = t'r.і + t'p; 
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where W'b.і is relative volume of water passing through the control 

point of the sewer at the completion of the previous runoff zone, 

which is calculated by the formula (16) at t' = t'b = t'r.і + t'p. 

Hydrographs of relative сonsumptions and volumes are shown 

in Fig. 3 and 4 for a sewer of three sectors with control points at 

the end of each of them К1, К2 і К3. When designing the 

hydrographs, it was accepted that the relative time flow of the 

water along the surface is t'sw = 0,25, at each of the sections 

t'p.і = 0,25, along the pipeline t'p = 0,75, and the estimated relative 

duration rain for the entire sewer  t'r = 1,0.  

 
Fig. 3: Hydrographs of the relative discharges of the sewer: 1, 2 and 3 - 
estimated hydrographs for the 1st, 2nd and 3rd sections of the sewer; 4 - 

marginal discharge of the throughput of sewer 

 

 
Fig. 4: Hydrographs of relative volumes of stormwater passed through 

control points of the sectors of sewer: 1, 2 and 3 - estimated hydrographs 
for the 1st, 2nd and 3rd sections of the sewer; 4, 5 and 6 - hydrographs of 

throughput capacity of sections of the  sewer 

 

The obtained hydrographs (Fig. 3 and 4) show that by the method 

of limiting intensities, the growth of the estimated discharges on 

section of sewer occurs less intensively than the volumes of 

stormwater passing through these sections. In real conditions, the 

sewer is able to pass through the discharges of no more than a 

certain value q΄f (Fig. 3), which is determined by the results of 

hydraulic calculations or actual measurements. On separate 

sections of the sewer, or at all, these consuptions are less than the 

calculated maximum q΄f < q΄max.і. This leads to the flooding of the 

urban territories were such areas are located. Volumes of 

stormwater discharged through the sewer's sections are determined 

by the hydrographs of their throughput, and the difference 

between them and the calculated hydrographs corresponds to the 

volumes of stormwater that will flood the urban areas. To prevent 

flooding of urban areas, these volumes of stormwater should be 

detained by the structures of regulation of stormwater, in 

infiltration basins.  
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2.2. The stormwater accumulation  

The numerical modeling of the change of stormwater drainage 

hydrographs for q΄f = 0,1 – 1,0 in the values range t'sw = 0,2 ÷ 0,3 

and t'p = 0,7 ÷ 0,8 was conducted to determine the dependence of 

the volume of stormwater that should be detained in the infiltra-

tion basins W΄reg, of the admeasurement of the actual discharge 

reduction q΄f . The simulation results are shown in Fig. 5. 

According to the simulation results, a formula for determining of 

the relative regulating volumes W΄reg from the relative actual dis-

charges q΄f , is obtained. The adequacy of equation is confirmed by 

high correlation bonds with numerical data (R2 > 0.998).) 

 

( ) ( )1qt1qtW fsw
2

fpreg −−−= .                                        (19) 

 

The data of Fig. 5 show that the calculations results of the 

obtained formula (19) are practically concurred with the 

corresponding values of numerical simulation. For practical calcu-

lations, it is necessary to determine the flow capacity of the sewer 

(in relation to the maximum flow rate of the hydrograph at its 

control point of calculation) and the duration of surface runoff 

concentration and flow of water through the sewer to the calculat-

ed point (in relation to the estimated runoff time).  

Thus, the calculation of sewer's capacity during the construction 

of drainage hydrographs depends on many parameters. Among 

them there is to determine the values of the stormwater volume 

formated in each point of the stormwater experimental watershed. 

There is also to estimate the actual sewer's capacity without area 

flooding and the regulating storage volume that it is necessary to 

detain in infiltration basins. 

 
Fig. 5: The graph of dependence of relative regulating storage volume 

W΄reg of relative colector’s capacity q΄f : 1 – points of numerical simulation 

for t'sw = 0,2 і t'p = 0,8;  2 – the same for t'sw = 0,25 і t'p=0,75; 3 – the same 

for t'sw = 0,3 і t'p=0,7; 4, 5 і 6 – curves of design values according to the 

formula (19) 

2.3. Compatible work of drainage facilities 

The capacity of the existing or project sewers of the stormwater 

drainage system have to be evaluated on the calculations of the 

compatible operation of all interacting spillways construction for 

the most typical conditions of stormwater inflow. In this case, 

detached sewers operate in both, nonpressure and pressure condi-

tions [[1], Error! Reference source not found., [5], [11], [17]]. 

According to their hydraulic calculations, it is necessary to 

determine the flow discharges and velocities, depending on the 

sewer slope, but also the piezometric markers in the nodes, as in 

the case of nonpressure, and, especially, pressure runoff sewer 

transportaion. It is necessary not only for leveling accommodation 

and section of sewers, but also for the analysis of compatible op-

eration of stretch of the sewerage network, optimization of its 

individual parameters, identification of possible zones of flooding 

of urban areas, etc. Taking into account that the most of the sew-

erage drainage networks of modern cities are pipelines, for their 

hydraulic calculations, an equation (20) represented in [[14], [15]] 

is recommended  
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where k,  and m are coefficient and exponents, which depend on 

the roughness of the inner surface of the pipes, their material, their 

quantity and type of sediments on the walls, etc; q is calculating 

runoff discharges, in m3/s, or l/s; d is calculating inner diameter or 

other size of sewer, in m, або mm; kh/d is coefficient, which 

depends on the pipeline impoundment and estimates by the formu-

la 

 










+=

d

h
bak d/h

.                                                                 (21) 

 

Numerical values of coefficients and exponents in formulas (20) 

and (21) depend on the roughness of the inner surface of the pipes 

and operating range of hydraulic conditions [[7], [8] [14][17]]. 

The coefficient k also depends on the dimension of the parameters 

q and V. The structure of formula (20) is similar to the widespread 

in the world practice formulas for calculations of pressure 

pipelines [7], [19], [21] [22], [23]. 

For practical application, the values of coefficients and exponents 

in formulas (20) and (21) were determined by approbation of 

numerical data of an array of hydraulic slopes I, calculated 

according to the recommended standarts and guidelines [1] [3] by 

the formulas of the given parameters ranges: velocities V = 0,5-

4,0 m/s; diameters d = 0,15-2,5  m; the kinematic viscosity 

ν = 1,3.10-6 m2/s, which is typical for sewage with a temperature 

t = 11-12°С with the amount of sediment suspension up to 

400 mg/l; the roughness of the inner surface of the pipes Δе = 

0,002 m (n = 0,014; а2 = 100), which is most common in the dis-

posal sewer, in particular concrete and reinforced concrete pipes 

[1], Error! Reference source not found., [5][8] [17]. In addition, 

for determining the parameters a, b and γ there was taken into 

account  not only the dependence of hydraulic parameters 

(hydrological radius, wetted perimeter, etc.) [14], [15] from the 

impoundment values of the pipelines h/d, but also the influence of 

hydrodynamic characteristics on the value of runoff discharges in 

the pipelines with their partial impoundment [7][15]. Figure 6 

shows the calculated values of the coefficient kh/d, which takes 

into account the impoundment value of the pipeline h/d. As a 

result, the following values of search parameters were obtained: k 

= 0,002087;  = 1,96; m = 5,23; a = 0.74; b = 0.74; γ = -3.92 

[7][14], [15]. 

A comparative analysis of the results of calculations by the 

formulas (20) and (21) with the reference formulas recommended 

by the current Ukrainian standarts and guidelines, shows that 

under the same conditions of sewerage pipelines discharge 

(roughness of the inner surface of pipes, runoff viscosity, etc.), 

their accuracy is proportional to the accuracy of the hydraulic 

calculations of pressure pipelines [14], [22], and does not exceed 

+ 5% (Fig. 7). At the same time, changes in the conditions of the 

pipelines make divergence in hydraulic calculations up to + 10%. 

Thus, only the change in the roughness of the surface of the pipes 

with Δе = 2.0 mm on Δе = 1.35 mm in the normative formula [1] 

gives an error in the calculated hydraulic slopes -12%. It is obvi-

ous that in practice these differences will be greater. Therefore, 

slight deviations from the "reference" formulas in the range from -

5% to + 3% (Figure 7) can be considered quite acceptable.  
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The current practical recommendations for hydraulic calculations 

of sewage networks [1], [3], [7], [17] are based on different 

operation conditions of sewage pipelines, which is obviously 

connected with different initial conditions of study. It makes sense 

to use in the exponent formula for the accepted numerical values 

of the parameters that correspond to the most common operating 

conditions of the stormwater pipelines. 

 
Fig. 6: The dependence of coefficient kh/d of pipeline impoundment h/d 

and influence of hydrodynamic characteristics of the flow:  1 – the points 

of numerical simulation without the influence of the hydrodynamics of the 

flow; 2 – the same with this infuence;3 – calculating value kh/d, received by 
the formula (21) 

 
Fig. 7: The divergence of calculating of hydraulic slopes by the formula 

(20) in comparison with calculation according to the reference formulas 

[14]] 
 

The obtained dependences (20) and (21) allow to take into account 

the compatible operation for different sections of a single sewer or 

an extensive network of several sewers, but also connected 

regulating construction or reservoirs. To do this, with received 

watersheds hydrographs of each section, the estimated maximum 

runoff discharges according to this sewer area capacity have to be 

determined. Taking into account that in the adopted model of 

stormwater formation, the estimated discharges of rainfall qі, , l/s, 

were determined according to the norm [[1]], for the further calcu-

lations may be applied formula (22). In this case, the duration of 

rainfall tr.і is reasonable to assume equal to its average value for 

this local region. Usually, for the conditions of Ukraine, this value 

is 30-90 minutes.  

 

ioi0.1-1.2n
i.r

2.1
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t

A
zq == ,                                           (22) 

 

where zmid is the average value of the runoff coefficient, which 

depends on the types of coverage of different parts of the water-

shed area and their particles of runoff; А and n are parameters 

taking into account the geographical location of the city and 

period P, years, one-time probability of the calculated intensity of 

rainfall; q0 is unit rainfall intensity, l/s/ha. 

This approach allows to receive one-time calculation load on the 

entire sewage network and its hydraulic calculations are carried 

out not begining from the starting points of the network, as is the 

case in the current methods [1], Error! Reference source not 

found., [5], [17]. It allows to begin from its endpoints, where by 

way of spillways stormwater flow into sewage treatment facilities, 

tank or reservoirs. This makes possible to take into account values 

of runoff level in these constructions which are familiar and inde-

pendent of the results of hydrological calculations of the network. 

Sewer sections with pressure and nonpressure disposal conditions, 

as well as potential areas of flooding are accurate evaluated. Based 

on the hydraulic calculations, it is sufficient to obtain the 

calculated values of the hydraulic slopes I in each section of the 

network and the piezometric mark in its design points (Fig. 8). In 

the calculations of each section of the sewer, the first priority be-

longs to equation of the hydraulic slope I in the sewer to the slope 

of its tray Іl. Then the formula (20) for I = Il determines the value 

of the coefficient kh/d. Taking into account that the sewer im-

poundment coefficient is in the range kh/d > 1.0 (Fig. 6), the 

obtained value kh/d which is less than 1.0, indicates that the 

pipeline operates in the pressure conditions, and the hydraulic 

slope at this discharge will be greater than the slope of the sewer 

tray І > Іл. The calculating value of the hydraulic slope is 

determined by the formula (20) for kh/d = 1.0, which corresponds 

to the complete sewer impoundment h/d = 1.0. The value of h/d is 

determined from the formula (21) for I = Il and kh/d > 1.0.  

The values of the piezometric marks at the beginning of each  

sewer section are calculated by the formula  

 

iіi.кi.п lІPP += ,                                                                     (23) 

 

where Рk.і is piezometric mark at the end of this section; Іі is 

hydraulic slope on the i-th section; lі – geometric length of the i-th 

section. 

The value of the piezometric mark at the end of the previous sec-

tion of the rainfall flow is taken equal to the obtained value Рk.і. 

Figure 8 shows the diagram of a sewer which consists of 3 section. 

Calculations begin with the last sewer section (3rd) for runoff flow, 

taking the value of the end piezometric mark equals to the level of 

water in the construction or reservoir for the inflowing rainfall 

runoff (Рк.3 = Zв). 

 
Fig. 8: The estimated scheme of the pressure-gravity condition of the 
operate of stormwater drainage sewer  

 
1 – the estimated water level on the gravity section of the sewer;  

2 – piezometric line of pressure condition of stormwater flow for area 

flooding; 3 – the same without area flooding; 1, 2, 3, 4 (in circles) – 
calculation points of sewer section 
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Calculations according to the sewer scheme, shown in Fig. 8, 

indicate that, when the process of exploitation the discharges in 

the section 3 (for example, due to the high density of the building 

and the increase of the urban area with impervious pavement) is 

growth, it will operate in the pressure condition. With increased 

flow of water around the calculated 3rd point, flood zone can be 

formated, and the piezometric mark at this point (line 2) will be 

the higher of ground surface. Thus, it is necessary to reduce the 

discharge on 3rd section in such a way that the piezometric line 

(Fig. 8, line 3) throughout the sewer trail passes below the ground 

surface. In this case, some sewer section (in Fig. 8, section 2) will 

operate in gravity and pressure condition.  

The new values of runoff discharges in detached sewer sections 

will correspond to the boundary discharge of the flow capacity of 

the corresponding sewer section (Fig. 3). In this case, redundant 

runoff discharges should be intercepted to stormwater regulating 

construction. Their storage volumes are calculated by the formula 

(19), and their locations determine above the possible flooding 

area of watershed. Figure 9 shows an example of determining of 

the infiltration basins’ possible locations on the territory of the 

housing estate. In order to determine their exact location it is 

necessary to study the characterics of ground base layer to the 

required depth and flow the runoff from them by gravity in the 

existing drainage sewers. 

Calculations of the compatible operation of the stormwatar drain-

age construction show that the emptying of infiltration basins after 

the end of the rainfall does not lead to flooding of urban areas, 

because the dischsrges that inflow from any stormwater regulating 

construction are always lower than those that inflow to it for 

temporary interception [13]. 

The runoff drainage by infiltration basin allows them to intercept a 

significant portion of sediments. The main amount of them is 

delayed in the upper base course layer of the basin, which 

necessarily includes the grass vegatation, layers of sand and 

geotextiles [12]. However, study in this direction is still continu-

ing. 

 
Fig. 9: An example of the location of infiltration basins in the residential 

estate: 1 – existing sewerage; 2 – the boundaries of the runoff watershed 

by sewer section; 3 – location of infiltration basins; 4 –rainfall flow on the 

area 

3. Conclusions  

Infiltration basins temporary accumulate rainfall directly at place 

of precipitation. This allowed to reduce the maximum water dis-

charge that determine pipe diameters and sizes of construction of 

stormwater drainage system, to prevent urban flooding and inun-

dation and to purificate stormwater. 

Based on model of stormwater runoff on urban areas analytical 

dependencies of monitoring hydrographs of stormwater flow 

through sewers and their inflow to storage sites were obtained. 

The received hydrographs show that the growth of calculating 

discharge in sewer sections is less intense than the volume of 

stormwater flowing through these sections. The difference 

between the hydrographs of the stormwater inflow to the sewer 

and its capasity corresponds to the volume of stormwater that will 

flood the urban areas. To prevent flooding these volumes are pro-

posed to accumulate and temprorary intersept on stormwater regu-

lating construction, in particular infiltration basins.  

It has been determined that the regulation of stormwater runoff in 

urban areas during its partial flow through infiltration basins 

depends on the intensity and duration of the rainfall, the capasity 

of existing drainage sewers and the location of infiltration basins.  

A refined exponent formula with coefficient, which takes into 

account the filling of the pipeline for hydraulic and optimisation 

calculations, pressure and nonpressure drainage sewers, is esti-

mated. Numerical values of formula’s coefficients and expo-

nenents are obtained. 

Based on the refined exponent formula, a new approach to 

hydraulic calculations of stormwater drainage networks is 

proposed, which involves the calculation of their compatible work 

with joint facilities. This allows to identify places of possible 

flooding and inundation of urban areas and efficient location of 

stormwater regulating construction. 
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