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This paper presents the results of dry weatherréitevstudies in inflow and outflow
channels of overflow structure PB-1. The facilgylacated in P.Skargi Street in Gtogow.
Based on the results the average daily peakingrfaftdry weather sewage outflow was
estimated. Low efficiency of the algorithm allowsetestimation of the flow when depth
of the channel is less then 20 cm and when it tspogsible to perform measurements
with the ultrasound probe. Pointed to inadequatenstruction of cross-sectional shape
of the channel during device configuration as thase of getting inconsistent results.
The results of corrective calculations based on mifagis formula and typical cross-
sections of channels were presented. Obtained tsesanfirm the possibility of
significant differences obtained when the chanmebmeters are configured incorrectly.
Confirmed the low quality of the built-in algorithsupporting measurements at low
depths, mistakenly called by the device manufactivanning’s formula method”.
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1. INTRODUCTION

In designing of sewer systems, good estimationesfigh maximum flowrates
are very important. Sewer system needs to havecitgpiarge enough to
accommodate increased domestic flows associatédindgteases of population
and system expansion (Moulton 1999). Good estimatfominimum flowrates

are valuable when designing combined sewer syslethe flowrate is too

small, solid deposits can become substantial amdjusde self-cleaning isn’'t
achieved. Analising of existed systems is conneetéd choosing adequate
measurement equipment. The use of profiling flovargeto measure flowrate in
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the channels seems to be a very good solution. ahdh algorithms for auto-

calibration, measurement using more than one oliasprobe, suggests the
possibility to obtain reliable results. In practige turns out that despite the
higher cost repeatedly obtained results are famfideal. The least reliable

results are obtained when the small depth is obserwn theory, the method of
calculating the flow rate using the Manning’s fotenis used here. Practically,
algorithms that generate the flow curves, basedmeasurements of large
fillings are used. As a result, incorrect results abtained and their use is not
possible.

2. RESULTS

The study was conducted in city Gtogéw with popolaof about 67 thousands
people located in Dolrétaskie Province 60 km away from Zielona Géra. The
combined sewer system serves an area of 3511 hayz&d sewer system in
Glogow is equipped with three combined sewer owgersl with single side weir
and one flow divider connected with storage fagilit

Rainfall was measured by six tipping-bucket rainuggs (Fig. 1).
Measurements were taken in all seasons of the year.

m. GLOGOW

Fig. 1. Locations of rain gauges and overflow stitgs in the city
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Fig. 2. Locations of flowmeters near overflow stuwe PB-1

Tab 1. Specification of dry weather minimum and immam flow rates [Ips]

Month Skargi 1.1 Skargi 1.2
min max min max
10.2011 5 64 12 56
11.2011 5 29 12 56
12.2011 6 52 12 47
01.2012 13 54 12 46
02.2012 14 60 12 51
03.2012 - - 12 52
04.2012 13 55 12 45
05.2012 - - 10 55
06.2012 11 51 12 44
07.2012 8 64 5 51
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Tab 2. Specification of dry weather minimum and imaxm depth [mm]

Month Skargi 1.1 Skargi 1.2
min max min max
10.2011 77 176 134 262
11.2011 77 160 132 252
12.2011 80 145 132 242
01.2012 86 151 135 224
02.2012 83 153 139 238
03.2012 - - 143 244
04.2012 85 150 135 229
05.2012 - - 132 233
06.2012 82 148 135 231
07.2012 98 164 137 248

m. GLOGOW

Fig. 3. Subcatchment connected with overflow stmefB-1

Flow rates were measured by ISCO ultrasonic prafilflow meters
located at sewer manholes upstream and downstréahe dCSO chambers.
Special attention was taken to avoid improper itetian of the ultrasonic
probes (e.g., in sections with backwater effectplaces with large amounts of
sediments). All instruments were equipped with datgers, which were fully
synchronised and set for 5 min recording intervalgcations of analysed
flowmeters were shown on Figure 2.
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Tab 3. Dry weather peaking factors estimation

Flow rates — Skargi 1.1 Flow rates — Skargi 1.2
Date . peaking : peaking
maximum | average| ", . ~| maximum | average| "o . .
14.10.2011 56,0 40,2 1,39 43,0 24,1 1,79
16.10.2011 49,0 34,4 1,42 48,0 24,7 1,94
29.10.2011 22,0 15,9 1,39 39,0 25,2 1,54
31.10.2011 22,0 15,0 1,47 36,0 24.8 1,45
05.11.2011 22,0 16,2 1,36 40,0 14,0 1,51
15.11.2011 22,0 14,5 1,52 36,0 22,6 1,60
27.11.2011 21,0 14,5 1,45 39,0 24.3 1,601
29.11.2011 25,0 14,2 1,76 42,0 23,2 1,81
26.12.2011 52,0 34,6 1,50 43,0 24,0 1,79
31.01.2012 54,0 35,8 1,51 42,0 25,1 1,67
04.02.2012 50,0 35,6 1,41 51,0 26,4 1,98
07.02.2012 51,0 34,3 1,49 37,0 23,4 1,58
20.02.2012 - - - 41,0 25,5 1,61
02.03.2012 - - - 35,0 23,4 1,50
03.03.2012 - - - 52,0 25,8 2,02
04.03.2012 - - - 45,0 23,2 1,94
05.03.2012 - - - 35,0 22,0 1,59
07.03.2012 - - - 43,0 22,4 1,92
15.03.2012 - - - 43,0 24,3 1,77
20.03.2012 - - - 43,0 24,3 1,77
01.04.2012 47,0 32,4 1,45 37,0 22,4 1,65
11.04.2012 55,0 36,7 1,50 45,0 22,0 1,50
02.06.2012 47,0 32,4 1,45 44,0 24.5 1,80
24.07.2012 53,0 38,5 1,38 41,0 23,2 1,77
25.07.2012 54,0 37,6 1,43 44,0 24.8 1,90
26.07.2012 52,0 36,6 1,42 40,0 20,5 1,95
27.07.2012 56,0 37,5 1,49 51,0 27,3 1,87
Average 42,6 29,3 1,46 42,03 23,6 1,73

During dry weather periods minimum and maximum #oand depths of
channels were specified from October 2011 to 202. The results are shown
in Tables 1 and 2. For a detailed analysis 19 dé#ysn there was no rainfall
were selected for position Skargi 1.1 and 27 fosifan Skargi 1.2. For each
day minimum, maximum and average flow rate wereci§ipd. Based on the
maximum and average values, peaking factors wdimaed. The values of
flow rates and peaking factors were shown in T&ble
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Fig. 5. Cross sections of channels reconstructddyical

Flow rates in channels were estimated when deg#sssthen 20 cm and
when it is not possible to perform measurement$ whe ultrasound probe.
Obtained results are inadequate to real flow camtit Flowmeter are located
at a distance of less than 80 m. Therefore, theegabbtained should be almost
identical. As a reason, inadequate reconstructiamass-sectional shape of the
channel during device configuration was pointedy(F and 5). This effect
connected with low efficiency of the algorithm ali® the estimation of the flow
when depth is less then 20 cm (mistakenly calledheydevice manufacturer
“Manning’s formula method”) is the cause of gettingonsistent results.
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Tab 4. Dry weather peaking factors estimation +exied values

Date Flow rates — Skargi 1.1 Flow rates — Skargi 2.
maximum | average| peakingmaximum | average| peaking
factor factor
14.10.2011 50,5 37,8 1,34 53,0 41,6 1,28
16.10.2011 44,8 33,1 1,35 61,7 40,1 1,54
29.10.2011 44,2 33,8 1,31 54,0 41,0 1,32
31.10.2011 44,8 32,1 1,39 53,0 39,4 1,3b
05.11.2011 45,4 34,4 1,32 54,0 41,5 1,30
15.11.2011 44,2 31,6 1,40 52,6 37,2 1,41
27.11.2011 42,4 31,4 1,35 54,0 39,0 1,38
29.11.2011 50,5 31,0 1,63 69,8 37,3 1,87
26.12.2011 46,0 32,8 1,40 55,5 38,2 1,45
31.01.2012 46,7 33,2 1,41 59,6 42,3 1,41
04.02.2012 44,2 33,0 1,34 69,2 44,0 1,57
07.02.2012 44,8 32,0 1,40 55,5 41,8 1,74
20.02.2012 - - - 53,5 37,9 1,41
02.03.2012 - - - 61,1 46,8 1,31
03.03.2012 - - - 72,6 49,5 1,47
04.03.2012 - - - 64,3 47,6 1,35
05.03.2012 - - - 60,6 46,4 1,31
07.03.2012 - - - 65,4 46,0 1,42
15.03.2012 - - - 64,3 44,2 1,45
20.03.2012 - - - 62,2 43,4 1,43
01.04.2012 48,8 35,9 1,39 56,5 40,8 1,39
11.04.2012 48,6 34,2 1,42 64,3 39,5 1,68
02.06.2012 47,9 34,9 1,37 65,4 42,5 1,54
24.07.2012 55,1 42,0 1,31 64,8 50,5 1,28
25.07.2012 56,4 41,1 1,37 64,3 49,2 1,31
26.07.2012 54,4 40,2 1,35 62,7 48,1 1,30
27.07.2012 64,8 41,1 1,58 80,8 49,4 1,68
Average 48,6 35,0 1,39 61,3 43,2 1,43

The results of corrective calculations based on magis formula and
typical cross-sections of channels were presemtdable 4.

3. RESULTS ANALYSIS

Used measuring system was designed for storm whites and combined

overflows monitoring. ISCO ultrasonic profiling floneters measuring range
starts at 110 mm, but in real technical conditiprediling starts at 200 mm. Dry
weather flows connected with small depths are ed&ch with algorithms

automatically adapting to changing hydraulic caodis within the pipe.
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Fig. 6. Dry weather peaking factors — original su

Obtained results are inadequate to real conditid?saking factors
estimated using logged data are characterizedgoyfisant differences between
the two positions. In most cases the error excdé® and in seven cases
exceeds even 25%. Average peaking factor on SKatgposition is equal to
1,46. Average peaking factor on Skargi 1.2 posiisoequal to 1,73.

Peaking factors values calculated using correctdd dre estimated with
less error between the two positions. In most césesrror is less then 10%,
only two cases exceeds 15%. Average peaking factdkargi 1.1 position is
equal to 1,39. Average peaking factor on Skargpbgition is equal to 1,44.

In cities the size of Glogéw daily peaking facterassumed of 1.4 (Gruszecki,
Wartalski 1986).
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Fig. 6. Dry weather peaking factors — correctedi@al
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4. CONCLUSIONS

Obtained results of corrected dry weather peakawgofr are almost identical to
typical designing factor. Original values are usslbecause of low efficiency of
the implemented algorithms. An additional problesnlimited experience of
workers who build and implement measurement systddssng profiling
flowmeters to estimate dry weather values is nagsjme without manual
calibration or correction values with Manning’'s rfarla. Optimal, though
expensive solution is to apply additional ultrasditowmeter for small depths.

The calculations will be continued using the datatamed from
measurements of the following years.
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WSPOLCZYNNIK NIEROWNOMIERNGCI PRZEPLYWU POGODY
BEZDESZCZOWEJ W KANALIZACJI OGOLNOSPLAWNEJ GLOGOWA

Streszczenie

W pracy przedstawiono wyniki baflanatzenia przeptywusciekéw pogody suchej w
kanatach doplywowym i odplywowym =z przelewu burzgae PB-1. Obiekt
zlokalizowany jest przy ulicy P. Skargi w Glogowid/ oparciu o uzyskane wyniki
oszacowandredni wspoétczynnik dobowej nierownomieaeo odptywu sciekéw pogody
bezdeszczowej. Stwierdzono nis&fektywna¢ algorytmu umaliwiajacego szacowanie
nakzenia przeptywu w zakresie 0-20 cm napelnienia kangtly nie jest mdiwe
wykonywanie pomiaréw przy ayciu sondy ultradwiekowej. Wskazano na malo
dokladne odtworzenie przekroju kanatlu w czasie igomécji uradzer jako przyczyny
uzyskiwania sprzecznych wynikow pomiarow. Zapreaemaino wyniki obliczé
korygujacych wykonane w oparciu o wzér Manninga i typoweehroje kanatow.
Uzyskane rezultaty potwierdzaj mazliwos¢ wystpienia znaczcych ré&nic
uzyskiwanych przy nieprawidtowo skonfigurowanychigraetrach kanatu. Potwierdzono
niska jakos¢ wbudowanego algorytmu wspomagaggo pomiary przy matych
napetieniach, ktinie nazywanego przez producentaadeenia metogl Manninga.





