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Experimental studies in the field of storm water drainage

Abstract: The article describes the conducted experimental studies of surface runoff that fall
into the storm network. The rest of the water is trapped in the unevenness of the soil, in the grass
cover, partly seeps into the soil, and partly evaporates. Therefore, in order to determine the actual
amount of water entering the network, a special correction factor (¢ < 1), called the surface runoff
factor (or simply the runoff factor) should be introduced when determining the estimated flow rate.
The obtained flow rates are compared with those calculated for different flow conditions (gradients,
surfaces, etc.) based on general hydraulic formulas.

Keywords: flow coefficient, runoff period, runoff laboratory.
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Introduction. The flow coefficient is determined from the ratio of the amount of water Q,
coming into the network to the total amount of water @ , which has fallen on the same area in the
unit of time:

=0 : Qs (1)

The right choice of the flow coefficient is a great technical and economic importance, as its value
directly affects the value of the calculated flow, and thus the size of the structures. A number
of Soviet research organizations and individual specialists were engaged in experimental study of
surface runoff issues in relation to storm water drainage.

Among the works in this area, first of all, should be noted the works of Candidate of Technical
Sciences L.T. Abramov (Field Effluent Laboratory), as well as those of the VODGEO Institute.
These works were preceded by similar (especially by the method of conducting) studies of K.D.
Pamfilov Leningrad research institute of the academy of municipal services to determine the flow
coefficient, conducted under the guidance of Professor N.N. Belov [1, p.61]. On the basis of the
experimental works carried out by the VODGEO Institute to determine the storm runoff from the
cobblestone-covered homestead, Candidate of Sciences G.L. Zak proposed a monogram to determine
the runoff period depending on the length of the runoff basin, its slopes, coefficients characterizing
the building and the rain force.

For this purpose, using the experimental data of the VODGEO Institute, G.L. Zak determined
the pre-run period by the time difference between the beginning of the rainfall period with maximum
private intensity and the beginning of maximum runoff (as a rule, not coinciding in time). Since
the pre-moving period refers to the initial stage of downpour, its determination by the maximum
intensity values is quite natural.

Methods. The values of calculated intensity q and storm runoff S, as well as the average water
velocity along the length of the section in question, were determined on the basis of the pre-running
period found in this way [2].

Further, the obtained flows were compared with those calculated for the same runoff conditions
(slopes, surfaces, etc.) on the basis of general formulas of hydraulics.

For this purpose, taking different height of the flowing water layer h and different slopes of the
terrain and equating h=R, G.L. Zak made auxiliary calculated hydraulic tables for determination of
flows and speeds of water movement on the site with roughness coefficient n=0.020 (for cobblestone
bridge).

Having summarized these data and analyzed the flow conditions at the site of unlimited length
and width, G.K. Zak came to the conclusion that the average speed values should be taken for flow
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rates of 0.5Q max - As for the maximum flow rates, they correspond to the maximum velocity values
exceeding the average velocity by 1.31 times, i.e:

Umar _ 131 = K, 2)
Umid

From the auxiliary table, G.L. Zack determined the water flow based on the maximum velocity
found by the equation of

VUmaz = 1.31044 (3)

At comparison of the expenses found on the table with the calculated expenses calculated earlier
specified way (i.e. by the basic formula for the found period of pre-ejection), it has appeared, that
the given table exceeds the calculated data almost in 6 times; the same results have given special
calculations of institute Vodgeo.

In view of this, the method of approximate trial definitions of the sought values in two different
ways was adopted for the construction of the nomogram:

1. by tables based on the maximum water velocity (at K, =1.31);
2. according to the formula for determining storm runoff in the transcription of G.L. Zak:

S =462.5ZA" 1% /s from 1 ha (4)

where Z is the coeflicient that characterizes development.

In the case when the values of the calculated flow calculated in different ways turned out to be
close, the accepted period of pre-moving was considered as final and accepted for the construction
of the monogram.

The described method played a positive role in the studies of issues related to the pre-moving
period; however, above formula and the monogram based on it were not widely used. According to
L.T. Abramov, Ph.D., this is explained by the fact that the runaway period was determined in this
case not by direct measurements, but on the basis of a number of theoretical assumptions.

In particular, when compiling tables and determining the runoff time, it was accepted that water
moves along the runoff area in parallel jets. Meanwhile, in reality, water moves in twisting directions
with the concentration of individual streams on the way to small streams, which leads to a significant
increase in hydraulic radius and speed of movement and to a decrease in the runoff time [3].

The most accurate results can be obtained by directly determining the running time in real
conditions.

Such research work was carried out by Candidate of Technical Sciences L.T. Abramov in the
period 1939-1946, who studied surface runoff from artificially reproduced rains with intensity from
0.18 to 2.70 mm/min.

Experimental studies were carried out on pilot sites specially constructed for this purpose with
natural cover and engineering coverings up to 450 m? in area.

Using a short sprinkler system, 444 showers were reproduced. The water supplied for sprinkling
was recorded by a water meter. Stormwater runoff from individual sites was determined by the flow
rate of water passing through a triangular overflow of a measuring chamber equipped with a limnifer.

In order to facilitate the calculations, flow tables were drawn up for different head H values at 1
mm intervals.

The decoding of the limnigram (limnigram) tapes was carried out similarly to the decoding of the
tapes of self-description rain gauges for equal time intervals, from 2.5 to 1 minute, depending on the
type of coating.

The main task of the study was to clarify the dynamics of storm runoff and runoff time (surface
concentration).

At the same time, the dependence of these parameters on the intensity and duration of downpours,
the nature of ground coverings and coatings and their slope, soil humidity and absorption conditions
(water absorption) was established.
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As a result of the work carried out, L.T. Abramov proposed a number of formulas for determining
the time of storm water runoff along the site as applied to individual calculation methods (P.F.
Gorbachev, GGI, etc.).

One of these formulas has the form:

1.50n°0 L0
7030505 5)
where n — Roughness coefficient, taken as a function of the type of basin surface, is from 0.010
(for asphalt surfaces) to 0.135 (for ground surfaces with turf, lawns, etc.).;
L — catchment length in m;
7 — the coefficient characterizing the building, its values are given in Tables 1, 2, 3;
i — rainfall intensity in mm/min;
I — average catchment slope.

t1 =

Table 1 — Numerical values of Z coefficients at different values of parameters A and n for waterproof coverings
(roofs, asphalt bridges, diabase bridges with cement joint, concrete bridges, sidewalks, etc.).

A Z values at A Z values at
n=0.5 - | n>0.65 n=0.5 - | n>0.65
0.6 0.6
300 0.319 0.334 1000 0.254 0.263
400 0.302 0.316 1100 0.246 0.258
500 0.288 0.302 1200 0.242 0.253
600 0.278 0.291 1300 0.238 0.249
700 0.269 0.282 1400 0.234 0.245
800 0.262 0.274 1500 0.231 0.243
900 0.256 0.268

Table 2 — Numerical values of Z coefficients at different values of parameters A and n for water permeable

coatings
Surface type Z values
Bridge end faces 0.240
Diabase bridge (with sand seams) 0.224
Paving cobblestones 0.145
Highway 0.125

Table 3 — Z values for rough surfaces

Surface Ground| Calculation| Roughness| Z-coefficient for
type hu- period of | Ratio
midity | single
in % overflow
in years
loams light | medium| heavy clay
loam | loam loam
Densely 55 Jo 1 0.0065 0.127| 0.127{ 0.135 | 0.143] 0.150
compacted | 65 1-3 0.150| 0.157] 0.165 | 0.172] 0.180
ground 70 3-5 0.167| 0.175( 0.182 | 0.190| 0.197
surface
without sod
cover
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Ground 95 Ho 1 0.135 0.060| 0.065| 0.070 | 0.075] 0.080
surface 65 1-3 0.074| 0.085| 0.095 | 0.100| 0.105

with  well- | 70 3-5 0.080( 0.090| 0.090 | 0.110| 0.120
developed

turf  cover
(meadow,
lawn)

NOTE. Here Z is the coefficient characterizing in this case the water absorption capacity of the
groundwater catchment area cover. It should be noted that downpours with an intensity of 0.08
mm /min or less do not produce any runoff and are completely absorbed by the soil.

Conclusion. On the basis of this formula, L.T. Abramov composed monogram’s for determining
the runtime and maximum velocity at n=0.02 and Z=0.145 (Fig. 1), as well as at other values of n
and Z (Fig. 2). In the latter case, the correction coefficients for the values found by the nomogram
(Fig. 2) are determined by the nomogram shown in Fig. 2.

However, as noted by the researchers themselves, the issues of surface runoff are not yet sufficiently
studied, and further research, both theoretical and experimental, is needed in this area.
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F1cure 1 — Nomogram of L.T. Abramov to determine the time of storm water runoff in the catchment at n=0.020, Z=0.145

98



Y.B. Zharkenov

rd
— 002

(9 L

P 3

015 ] s
| &= F— 005

| e i
o ] — 004
|3 A 0gs

| - -

- —

s s

004 . .f" L

4 . - -
opa -] L— 010

- I

Lo Harow B

- ] n-z- -

iz =] -
i E - 5,20

opt ! - 3
. g5 E- 030

08 £ -

» 74— C
C_p,n

FIGURE 2 — Auxiliary Nomogram for definition of the correction factor ¢ for values n and Z (to the Nomogram fig.1)
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T'ocymapcTBennoe u3maTesLCTBO

E.B. 2KapkeHnos
JI.H. Dymunes amovindaev, Eypasus yammowk yrusepcumemi, Hyp-Cyaman, Kasaxcman

HecepJik kopi3 cajachlHIaFbl 9KCIIEPUMEHTAJABIK, 3epTTeyJiep
Annarnma. Makaaga HecepsiK Kopi3 »KyileciHe KeJeTiH »Kep YCTi arblHABI CyJapblHa »KacajFaH SKCIEPHMEHTAJIIBIK
3epTTeyiiep cunarrajraH. Kasiara TyckeH aTMocdepilik 2KaybIH-IIAIllbIHIaP/bIH KaJraH 0eJiiri Tonblpakka, I'yjI3apra CiHim,
cinbereHi KaJKbII Typaabl HeMece Oynanaapl. COHABIKTaH HOCED *KaHOBIP KYObIPJIapbIHA KEJIETIH YKay bIH-IIAIIBIHHBIH, J9JT €CENTIK
MOJIIIEPIH aHBIKTAY YIIIH apHaibl Ty3eTy KoadduimenTin enrizy kaxer 60sapl. OHbIH 6acKalia aTaybl XKE€P YCTi aFbIHBIHBIH,
koapdummenti (¢ < 1). Beprrey KesiHAe aJbHFaH IIBIFBIHIAPABI Op TYPJ KaFmalifarbl MIBFBIHIApMEH, (eHic, xep Gemepi
2KoHe T.0) MUAPABJINKAHDIH, YKAJIbI (POPMYJIAJAPBIHBIH, HEri3iHAe CAJbICTHIPY *KYPrisiaai.

Tyitin cesnep. arbic Ko3hPUIMEHT], aFy apaJibIFbl, HOCEPJIIK 3epTXaHa.

E.B. 2Kapkenos

Kagpedpa IIpoexmuposarus 30anuti u coopyosceruti, Fepasutickut HayuoHasvhult yrusepcumem um. JI.H. lymunesa,
Hyp-Cyaman, Kazaxcman

DKCcIepUMeHTAJIbHbIE UCCJIEOBAHUsI B 00JIACTU JIMBHEBOI KaHAJIN3auu
Anvoranmsi. B crarbe maercs ommcanwe NPOBEIEHHBIX SKCIEPUMEHTAIBHBIX HCCJIEIOBAHHUI IIOBEPXHOCTHOIO CTOKA,
[IOIIaJAOIIETO B JIUBHEBYIO ceThb. OcTasbHasi YaCTh BOJbI 3a€PXKUBAETCS B HEPOBHOCTSIX ITOYBBI, B TPABsIHOM IIOKPOBE, YaCTUYHO
[IPOCAYHUBAETCs B MOUBY, IACTHIHO mcmapsiercs. [losromy mis ompenesennst hpaKTUIECKOIO KOJIMYECTBA BOABI, IOCTYIAIOMIECH B
CeTb, IIPU ONIPE/IEJIEHUH PACIETHOIO PACXO/Ia CJIE/LyeT BBECTH CIIEIMAJIbHBIN nonpaBouHblil Koaddunuent (¢ < 1), Ha3bIBaeMbIi
KO3 (DUIMEHTOM MMOBEPXHOCTHOTO CTOKa (MJIM MPOCTO KOI(PPUIMEHTOM CTOKa). JlaHBI COMOCTABJIEHUS IIOJIy9IE€HHBIX PACXO0B
C pacxXojaMi, BbIUHCJIEHHBIMH JJIsi PAa3HBIX yCIOBUil CTOKa (YKJIOHBI, [IOBEPXHOCTH M JP.) Ha OCHOBAHMU OOLMX (HOPMYJI
TUIPABIIAKMA.

KuroueBbie ciioBa. KOdMUIIMEHT CTOKA, IIEPUOJL JTOOEraHusi, CTOKOBasi JIabopaTOpHsI.
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