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Erraluation of a Urban Draínage systen (tJDs) through Siuulation and
Developnent of sanitation StrategÍes; case of Bengbu, People,s
Republic of China.

Z.Y. ilin*, A. Khelil**, D. Grotehusmann**, M. Síekmann**

* Anhuí }ater Resources Research rnstitute, Zhíhuaí Road 11o,
Bengbu, Chína

** Institute for ! ater Resources Research , Hannover Uníversíty,
Appelstrasse 9a, 3ooo Hannover l-, Federal Repubtic of cermany

Abstract
rn the last years, numerj.cal sínulatíon has turned to be an
essential tool in the analysís of the UDs performance as well as
in the development and evaluation of sanítation concepts. This Ís
due to their relíabílity (rnuch experience has béen acquÍred wíth
nunerica1 nodels) and their ftexibí].Íty (numerous cases can be
easily sÍnulated). In developíng countries however, such models
are rnore diffícult to utilíze. Reliable data about the rainfall_
runoff-transport-processes (hydrorogicar data-base) and exact
knowledge about the exÍsting draínage networks (structural data-
base) are not the comnon case. Thís study atternpts to transpose
the methodology applíed Ín Germany to a UDs located in China
(Bengbu). The exístíng capacíty of the UDs is evaluated in a fírst
step . rn functíon of the results, alternatíve sanítatíon concepts
aré proposed, whíclr more or less account for the constructÍon and
maintenance costs- Their efficiency are evaruated and discussed.

Keywords: hydraulic slrnulation, sanítatíon of UDs, disconnection
of impervious areas. decentralízed retention/infíltratÍon.

I Introduction
NumerLcal simulation models have becone indispensable, whether ít
be to desLgn new UDs or to analyse exísting ones. In thé latter
case the requirements to modetlíng are higher, because
mísfunctíonníngs (overflov', back water effects) possibly occur,

the Bénobu Draínaqe Svstem

whose mathematrcal representation is complex. In this study. a
hydrologica1 rainfall-runoff nodel (HYSTEM) linked wíth a
hydraulÍc transport nodel (EXTRAN) is utíIized.

The analysis decomposes into 4 steps:
].. Analysís of the exísting UDS

2. Deve1opment of sanitat'íon concepts
3. Evaluatíon of the impact of the retained measures
4. Realization of the sanitation

II Analysis of the existing IJDS ,Bengbu-east,
II.1 Descríption of the sLmulation model
Fí9.1 shows the príncípal model contponents. The calculatíon of the
losses (for both ímpervíous and pervíous area) and the runoff
conponent are depícted ín Fí9.2-3 . A detaíIed descriptíon of the
modeling príncíples ís gi.ven in t1].

Fío.1: !,todel components in HYSTE!!-EXTRAN

\W

hyetograph wetting losses

depression storag

impervious suríace

calculation oí losses

)eÍfective rainfall intensity wetting losses

depression storage

inÍiltration losses

pervious surÍace

calculation oí runofí

inflows into junctions standard unit hydrograph

calculation oÍ transport

)Ílow rates in pipes (hydrog

j water levels in manholes

) overÍlow volume and duration

Saint Venant equations

Institute of water Resources, UníversÍty Hannover Instítute of Water Resources' Uníversíty Hannover
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DV constant losses
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V current depression storage
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ttp
Fig.3: Runoff component (Standard Unít Hydrograph in HYSTEM)

II.2 Descriptíon of the tJDs

tl.2.L lntroduction
The UDs l'Bengbu-East|t draíns the east part of Bengbu city (total
area:8 km2 and a mean surface slope: o.38). It is conposed of 2

subcatghments (1 und 2), whích are separately draÍned (Fig. 4).
subcatchment 1 ís situated nearby the down tovm and presents a

dense Iand use' 47t of the catchment area ís connected to the UDS.

Subcatchment 2 presents a Io! connectíon percentage (27B).
Huaihe Rivet

o

Eigl2g: calcuIatíon

0.5 V/Mv
of the losses ín impervious surfaces (HYsTEu)

calculation of infiltration
acoording to Neumann

hN : rainfall

Í : inf iltration rate, depends on Wt

r : rUnofÍ, when depression is covered and hN ) Í

Mv : depression storage, begin when hN > Í

Wt : current water content in surface stratum

Fig.2b: Ca}culation of the losses in pervíous ares (HYSTEM)
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Eub-system I

Fig. 4! catchment rrBengbu-Eastrl

aub-8yst m 2

Qp.exp(tp-t)/k

Instítute of water Resources, Uníversíty 
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II.2.2 the draínage systen
The data about catchment and (cornbined sewage) network has béen
collected by t$'o gernan students (F. Schneíder and G. Dorrie)
during a three months sojourn in 1990. Detaíled informations were
not available (among others the exact positíon of some pipes ínspecifíc areas, the exact ctelinination of the connected areas, the
control strategy of the purnps). However, it Ís assumed that thedigitatízed descriptíon quíte fairly accounts for the maín
characterístícs of the UDs. In Tab.L the vaIues of the inportant
characterístícs are reported.

{-ha llanatrrr Dra i naoe Svstem 6

subcat. weirs
No.

crest charnber
heightl heightl

length
(n)

l"
2

weirL
weír2

1".50
2.AO

o.L7
o.L7

L.6?
2.97

Tab.2: characterístícs of the weÍrs

Subcat.
No.

pumps

pump].
pump2

Tab.3 characteristícs of the pumps2

supplementary characteristics :

on the basís of the network descriptíon, further parameters can be

calculated, which characterize the transport process.

maxímun capa-
city (m3ls)

t
2

4.9
10.0

@ 9::1!:9 surfaces (connected to the pípes):lmpervious surface:
number of reaches :
number of manholes :total length of canalísation :total storage volume ín the pipes :number of outlets :

280
225
L88
L?T
550
700

2

ha
ha
(-)
(-)
(m)
(mr )(-)

W

3
27

,@

Tab.]. : characteristícs of the UDs ,Bengbu-East,

Dry víeather flo!'' data:
The lvater consumptíon ís supposed to be 12o 1/inhabÍtant/day. Toestímate the dry víeather flows, 3 zones were considered v'lth
correspondÍng populatíon densítíes 4oo, 25o, L00 ínhabítants per
ha L21. BesÍdes donestlc waste water, industrial waste ! ater
sourcés are reported in subcatchment 2 [2]. The total ctry weather
flow amounts to 650 t,/s.

Special structures:
At boÜt outlets' thé flow dynanics depends on the water level Ínthe receívíng waters (Huaihe Ríver). 

',, 
winter (low v a.er levels)

the combined se!'age flows over weírs (weírL and weír2). In summer(hígh levels), the combined sewerage is punpéd ínto the river
(pumpL and punp2).

avaí}able3 storage volume in the pípes:
average transport duratíon ín cana1isatíon:
average transport lengthl
extreme transport length* (Lro):
characteristic width of the átchment (B):
coefficient of shape (L16,/B):

25 Ooo n3
21 mín

1790 m
2900 m
77O m

3.24 (-)

rab.4: supplementary UDs characteristics

II.2.3 Determinatíon of thé parameters to
In the ealculatíon of the rainfall losses
bet! een pervíous and írnpervious surfaces.

calculate the losses
the nodel differentiates

Bv
O.7nm

uv
3mm

Ao5
252

A"6
858

Tab.5: hydrologica} characteristics of the írnpervíous surfaces.

1 beigbt above junction inveÉ in l.
2 Because relÍable infonations about tbe c{ntrol of the unps are lacking, it is assued tbat tbe pups
alnays transpoÉ tbe correspnding inflow, up to tbeir rariral cápacity.
3 storage capacity after substraction of tie volne occupied by dry ueat.her floc
4 tbe transport length, nbicb is erceeded in only 10t of tie cases
5 part of irperviors areas nit direct runoff at tbe beginning of t e depretsion storage filling
6 paÉ of iupervious areas nitb direct nrnoff at ttre énd of tJe depression storage filling

Institute of !{ater Resources, Uníversity Hannover InstÍtute of water Resources, Uníversity Hannover



Bv+Mv

5mm

3ab.6:hydrologicalcharacterístícsofthepervíoussurfaces.

Remark:
The retatívely high values of depression storage for ímpervious

areas (in conparison to the ones assumed ín Gernany) account for
thé véry írregular urban pattern (as shown ín the píctures of
Bengbu), according to lhich the later drops meet rnany obstacles,
beforé they eventually reach a nanhole'

II.3 statístícal analysis of the raínfall data

We disposed of rainfall records (not continuous) from the Wu Dao

W Gou hydrologícaI statíon, which is sítuated about 40 kn away from

Bengbu. Every sígnificant event, which v'as recordéd over the
.períodt.963-1989(exceptedyearsL973,L986,L98?,),hasbeen

digitalized ín fíve minutes intervals'
A statístical analysis of the data (partíal and yearly seríes) tras

been conducted. The estímatíons of yearty series and the

estirnationB of the storrn formula (developped by the Bengbu

hydrolog1cal statíon) fit faírly weIl' (Fiq' 5)

However' for further analysís tlre partial seríes were only used

because they aré assaumed to províde more precíse estimations.

rainlall (mml

duration (mln)

0 40 50 60

curves for Bengbu.Fío. 5: Raínfall-duration-freguency

sanitatíon of the Bengbu Draínage System s

Table 5 illustrates the dífference betlt'een the rainfatl statístícsín Bengbu (chína) and in Hannover (Gernany)

RT=.5 RT:l.O RT=2.o RT=.5 RT=l.0 RT=2.0

wo7

]'Onm

wrB
16mm

D=5
D=lO
D=15
D=3O
D=6O

3.9
5.?
6.7
8.3
9.4

5.1
7.6
9.O
11.1
t2.5

6.7
9.9
LI .7
t4 .4
16.3

5.6
L0.6
13.5
18.4
23 .4

7.6
L4.L
18. O
24.6
3L.2

9.5
L7.7
22.5
30.8
39. O

Statístícs in Hannover Statístics
Tab.7: Raínfall Héights (nm) ín function of Dln rn1n; RT: Return period ín years)

Ín Bengbu

and RT (D: Duration

&
VW

on the basis of the statístics, six design storms (rab.8) were
buílt. Every hyteograph Ís represented ín Appendix ]..

design raínfal1
storm (mn)
Nr.

intensity
(mm,rsmin)

nax. mean

frequency
(t/year)

duratíon
(min)

00L
oo2
oo3

L4.L
18.0
24.6

1
L
1

10
L5
30

2
2
2

10
15
30

004
005
oo6

?.6 7.O5
7.6 6.00
7.6 4.Lo

10.6
L3.5
18.4

5.6 5. 30
5.6 4.50
5.6 3.O7

W

Tab.8: CharacteristÍcs of the design storns

II.4 sinulatíon of the existing IJDS

II.4.1 The transport capacíty
The maÍn points of discussíon are the following ones:

1) transport capacity ín the neth'ork
2) punps capacíties at the outlets

The great raínfall intensítíes, the re1atívely srnall dínensíons of
the pipes (Fíg 6) and the ]ow catchment slope cause hígh flooding
frequencíes. A straíghtforward transposítíon of the european
standards !'ould cost more money than the authoríties can invest.
It was therefore decided to dirnínish the requirements, which rneans
only characterÍze the UDs behavíour during nedíum events.

W

l0

7 $ater content in tJe surface stratu at ttre beginning of tie raín event

l_:i*ag: ren ltl.of 
the Burface stratru. lte'infiltration rate rill be calculated dependins on t'bese too

Ínstitute of water Resources, Universíty rr.. )'"" rrr.t:' ,}- of wat r R aources, Universíty Hannover
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A long tern simulation wíth 33 real events9 of average macrnitude
has been fírst performed. Fí9.7 shows the correspondíng curve
the floodíng frequencies (percentages of junctions are reported
abscisse)

o.3- o.4- 0.6- 0'6- o.7- o.8_ o.9- 1.2_ 1.3_ 1.4_ 1.7_ í.9- 2.4- 2.9- 3.9_o./í 0'5 0.6 0.7 o.8 o.9 l.o 1.3 1.4 1.6 1.a 2.o 2.6 3.o 4.o

Fíg 6: Dístributíon of the pÍpe díameters ín UDs ,Ben9bu-East,

of
in

Fig. 8 and FÍg.9
storms OO1 and OO4

ftoodíng .ror.r'"" in
the total junctions

shoi' thé flooded junctíons during the desígn
Fíg.LO and Fig.l]. sho! the distríbutíon of the
lhe corresponding junctions (the percentage of
ís reported in abscisse).

M@

Fig.8: Flooded junctíons (desígn storm 0o1' confíg. ].)

o,4

ofFícr.7: Transport capacity
events)

0,6 o,8 1 1,2
frequency (1/a)

the UDS (simulation with

1,4

33 medium

íi'iir:.'''r':.Hif'.f'TilE l|.llffan'.'B%":*'lt1lflt3 

"íT'iH:''1"ffi,';i1T#,i" 
and according to t'e

b' selection of everv event' rbÍc!'rank.is s_ituated betleen 20 an<t {0 (approrirate return period betleen 6mntbs'and l y.gsr) iÍÍ eíther'one oítbe ctáisífii'i1ioi'.*-'""'
3.r'J#s r#T}ilffi'Tt[.itiffd'&Etí'1Y, for botb criteria (rainfall anount antt duration). These onÉ are

Fig.9: Flooded junctíons (design storm 004; config. L)

25 
percentage oÍ lhe pipes (%)

percentage of the junctions (%)

Instítute of water Resources, UnLversÍty Hannover Instítute of Water Resources' Uníversity HdÍtnover
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and confíguration 3 (the punps have an unlímited capacíty) are
presented ín Appendix 3.

I discharge (m*.3/s)

L2

o- 10 10- 20 20- 30 40- 50 70- 80
tlooding volume Im..3l

190-200

:f
:

6

5

4

3

2

@
1

o

7

6

,5

W4
3

2

1

o

@

!!g.:-q: Distríbutíon of the floodíng
config. 1 )

volumes (design storm oOl"t

Fíg.].2a: Hydrograph at
discharge (m**3/s)

100 150 200
duration of simulation (min)

outlet ]. (confíg.l; design storm 00L)

100 150 200
duration oí simulation (min)

at out1et 2 (confíg.l' desÍgn storn oo].)

25050

é.8b

o- 10 10- 20 20- 3o 40- 50 50- 60 60- 70
Ílooding volume [m"3]

Fíq.1.1:Dístributíonofthefloodíngvolumes(clesÍgnstorrn004'
confí9. 1 )

1:Í.4.2. AnalysÍs of the pumps capacity
Fíg.L2 shows the calculated hydrographs at the both outlets for

storm oo1 in confíguration 1 (the pumps keep theír present

capacitíes).Resultsforconfígurations2(outfIov overtheweírs)

050

Fiq.12b: Hydrograph

percentage oí flooding iunclions I%l

peÍcentage ol flooding junctions [%l

Instítute of water Resources, Universíty n" )""" rrr"t, ,lp of Water Resources, universlty Hannover

250



Tab.g: comparíson of the floodíng volumes (m3).

% Ir.4.3 conclusions of the desíon storn analysís
- subcatchment 1 needs inprovements (in the transport capacity as
well as in the pumpÍng capacity) in order to meet the (reduced)
requirements.
- subcatchnent 2 satísfies these requirements.

Renark!
In the followj-ng, the sínulations only deal with subcatchmént 1.

'hé Rendttrr T)ra i naoo svstem 7.4

Dependíng on the local condÍtions (outf}ow línítatíons, security
constraints... ), a combinatíon of these solutions can be selected.

Unfortunately, constructive rnodífícatíons ín a UDs are very
expensive and their extent should be limited. Alternatíves
approaches ínvolve a new understanding of UDs and aín at the
systematic reductíon of the runoff volumes especíally from the
inpervious surfaces .

In this study, followÍng sanítatíon measures have been examined:
1. creatíon of neshes in the crítical areas, comblned with

enlargement of the corresponding pipes,
2. disconnection of ímpervíous areas.

The development of each sanÍtation concept decomposes into 2

steps:
- first anaIysís with desígn storms oo1-0o4
- secondary evaluatíon with the 6 selected real events9. - In

Appendíx 2 these real events are represented and theÍr main
characterístícs are given.-

III.2 Descríption of táe sanitation concepts
IrI.2.]. constructive nodífícations of the sewer system; sanitatíon
concept 1

sanítation of the Benobu Draínaoe svstem -/ ]_3

Renark:
The number of pressure flow (resp. flooding) junctions ís a little
bit higher in configuratíon ]. than ín configuratíon 2 (ctesign
storn 00]_). Thís ís due to the fact that the pump in subcatchment
]. is slightly underdimensíoned. The dífferences are however not
very significant (see Tab.9).

desígn storm 001 004

confíguration
configuratíon

L 474
2 469

25
25

rlr Developnent of sanítation concepts
rlr.1 Introductíon
The classical way to reduce the dísorders ís
storage and/or transport capacities. Thís can
following ways:
- new dímensíoníng of the pipes (at teast ín

but probably to a greater extent)
- creation of supplenentary meshes
- construction of retention basíns.

to províde greater
be achÍeved in the

the crítícal zones

supplementary
reaches

length
(n)

diameter
(m)

storage
volurne (nJ )

é,% # HA143v
HAA22V
HA832V
HA321V

160
3.60
160
160

0.38
0.60
0.45
0.45

L8. L4
45.24
25 .45
25.45

Tab.lo: The supplementary meshes

By redinensíonning the canalisatíons, transport as ! elI as the
storage capacítÍes are íncreased. By Ímplernentatíon of
supplementary meshes, a better repartition of the runoff waves is
obtained, í.e the exlstlng storage capacity wíII be better
utilized. Retention basins onry increase the storage capacity of
the systen.

Tab.1].: Redinensioning of some pípes

nodífíed
reaches

length
(m)

inítía]-
diameter
(n)

raodífÍed ínítial modífied
diameter volume volume
(n) (n3 ) (rn3 )

HA380b
HA37O
HA36O
HA35O

o.375
0.45
o.60
o.80

1". o
1.O
L.O
1.O

L7.L2
29.42
74.93
?4.4L

L2L.7 4
L45.29
208.13
L22.52

155
185
265
156

Institute of !{ater Resources, Universíty llannover Instítute of water Resources, tJniversity Hannover
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ITI.2.2 DisconnectÍon neasures
First, ít is assumed that the dísconnection of the impervious

areas uniformly app}ies on the whole subcatchment ]-. The analysís

of the sinulatíon results (Tab.12) shows that a 20t disconnection

rate is the nost efficient (sanitation concept 2)

Ín a second step, the disconnectlons (2o8 of the inpervious area)

are restrícted to the crítícal area (sanitation conceot 3) '

Informatíons of the critícal area (see Fig' 8)

- ímpervious area ! 42.8 rla

- number of reaches : 37

qan i lai i nn af t"ha RéndlTr r)ra'i neoa swstém

Ri";;

sub:gyglg_T l

concept 1: Sub-system 1 is modiÍied through extension and/or
enlargement of the conduits

-o-
new conduit installed
conduit enlarged

concept 2:20% oÍ the connected impervious area oÍ each element

is disconnected

concept 3: disconnections are restricted to the critical area

Fio.13: ÍIlustration of the 3 sanÍtation concepts

No1
(8)

No2
(8)

vo12 peak
(m3 ) ir3/=)

oresent stat'e
áísconnec.10*
dísconnéc.20?
disconnec.3o*
disconnec.408
disconnec.5o*

15988 4.9
L4602 4.9
l.3202 4.8
11850 4. s
10490 4.1
9L22 3.8

L1
5
2
1

:

30
27
20
L4
I
4

444
228

93
33

4

T
W:

Tab.12: Comparison of the effíc5'ency of the disconnectíon rates
(subcatchment 1; desígn storm o01; config'1)
Remarks:
ii"i-p"i"""taqe of junctions with gressure flow
ii"i pái"""ta!e of junctíons wíth ftoodíng
voll Total flooding volume
Vol2 Total outflow volume

Íes t Íicled
d iscon nec tlon

Instítute of water Résources, Uníversity rr' }'"" rntt- )" of t{ater Resources, Universíty Hannover



the Benqbu DraínageL7

Ív Eva1uation of the sanítatíon concepts
Iv.l Í'he sínulation results
The performances of the UDs accordíng to each sanitation concept

are compared for 3 design storms (ool', 002' 003)'

config. design
storm

No1 No2 voll vo!2 P?ak
(t) (*) (m3) (m') (n"/s)

présent
state

001-
002
oo3

30 1l- 448 15988 5.50
40 r-8 2036 20a22 6.91-
46 20 5442 29243 7.87

concept
1

001
oo2
003

30 2 44 L5998
41 L3 l-53s 20813 6 -96
47 18 49L2 29227 7.97

concept
2

oo1
002
oo3

20 2 93 ).3202
32 9 598 L7254 6.20
40 16 2592 24267 ?.L9

concept
3

o0l"
oo2
oo3

26 5 21-? 15102
3? l-3 1,2!7 19641 6.44
46 1"8 4L46 2760a 7.44

SíruíIar simuIations with the

conducted. The total flooding
represented in Fig.15. Further

6 selected real events have been

volunes in each sanitatÍon case are

results are given in Appendix 5'

Á*j

Fig.L5: ComParison
volumes for the 6

concept 2 ooncept 3

bet!Íeen the sanitation measures' total flooding
selected real events

Tab.13: Simulation results (subcatchment ]-, confíg'3)

Tn Fig.l"4, the corresponding flooding volumes are represented'
Further results are given in Appendix 4.

flooding volume (1000 m..3)

I present stale

í4 coacapl 1

fl concept 2

8W concept 3

l*-_-*
design storm 0O1

Fig.14: comparison of the sanitation neasures;
volumes duríng design storm 0o1' oo2, 0o3

the flooding

Iv.2 conclusions
For short storm events of srnall rnagnitude (return period 6 montlr

tilllyear,durationLomin)limitedmodifications(conceptl-or
concept 3) can already operate considerabl-e improvernents'

For events of greater magnitude, the netr'ork ís so overloaded'

that a general disconnection (concept 2) ís necessary' A reduction

of the inflow is more relevant than a better repartitíon of the

ín-line storage volurnes.

v Realization of disconnectíon neasures
Many researches have been conducted about the rea1izatíon of

disconnection measures. Pílot projécts have been taking place ín

Europe and Japan see [3] and [a]'
Apracticalso}utioninthecaseofBengbuwouldprobablyinclude
raín water reuse (citerns) and decentralised infíItration of the

runoff through a system of trenchs with inlets (see Fiq'16)'
othersolutions}iketheinstallationofpermeablepavernentsor
sirnilar (storage and slow transport) structures are probably too

. .a-.. , .':-:'-'l

tti,.,t:.:lt:a:

",ta/:tt;t1ii.
1;11.!::,

aj:,t:t7':1t:

1; ?'.'+'?;::
1:'::r::,:.:í.-4

i?.;i:.a'a.:.-:.i,
J:,.7.,:l:7

design slorm OO3

Instítute of Water Resources' Uníversity Hannover Institute of víater Resources, UnÍversity Hannover



Sanitation of the Benqbu Drainaoe svstém

expensíve as sanitation neasures. They should however, be taken
into consideration Ín the conceptíon of new UDs.

Flg.16: Schema of a trench systen
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[1] L. Fuchs, H.-R. vérÍ'orni 'lilLcrocomputer ín Ürban Hydrology'
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3 volumes
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[5] Grotehusnann' Khelíl, sieker, Uhl' 'Dralnage of raLnfall Uater
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3.

STATTsTISCHE UNTERSUCHUNG DER NIEDERSCHI.AGSDATEN; ANORDNUNG DER
NIEDERSCHI,AGSEREIGNI S SE

Kríterien zur Bestimrnung eines Einzelereígnisses

zeitraum der Untersuchung : 1963 bls 1989,
Trennzeit zwischen 2 Ereignissen : '4 Stunden
Trockenwetter gi1t, solange die Niederschlagshohe weníger
a1s o,1 mm in 5 Minuterr betrágt.

Es Nerden nur Ereignisse aufgelistet. deren gesamte
Niederscirlagshohe mehr a1s 20 mm betrágt.

sortierung nach der qÍesanten Nj_edersch1agsh he ím mut

RSUM : gesante Niederschlaqshohe
R : Regenspende

ANF-DAT. /ZEIT

23 6 1980 1955
381965220

24 8 1989 2045
331966160

L8 '7 L977 2335
3 7 L967 2025

21- 7 L970 220
28 7 1964 1510
12 I 1974 1115
2071"984 45
6 9 1984 1010
2 'l 1"965 2335

30 6 1983 19 5
28 9 t969 835
24 '7 1.984 2310
1161971 25
9 7 L982 2135

23 5 1980 2335
1L 6 L983 L420
2'7 7 1965 t3 5
L571979 90
24 7 1981, 930
1 8 1965 1850

1l- 7 1969 1155
19 7 t963 1245
298197'1 80
15 7 1989 530
t5 7 19'19 20 0
20 6 t975 'l-255
21- 7 1969 1.735
29 91"971 1"055
7 5 L9'12 1315
8 8 1976 1650

1l- 81974 1530
1"1 7 1968 2320
20 71-983 1250
9 9 1988 225

19 7 1"970 855

END.DAT. /ZETT

2461,980 80
4 8 1965 1115

25 8 1989 545
4 3 1966 650

L9 7 1977 r'I 5
4 'l L967 t7 0

2L 7 1-9'.7 0 1,I 5
28 7 1,964 18 0
13 I 1974 715
2L 7 1984 055
7 9 1984 1135
3 71965 3l-5
1 7 1983 855

299L969 80
25 'l 1984 t). o
1,261-971,80
r0 7 1982 255
2551980 30
1"1" 6 L983 2320
287].965 15
15 7 1979 1055
24 7 1,98L 2050
2 I 1965 115

11 7 r,969 1815
207t963 7Q
29 8 1,977 1"'155
15 7 1989 1015
16 'l '1,979 610
20 6 t9"t5 2130
2't 7 t969 21,55
30 9 t97t 1"740
7 5 t9'12 t825
8 81"976 18 0

L1" 8 1,974 L925
1871968 75
217L983 75
9 9 1988 1655

1"9 7 '1,970 L520

ANF-DAT. ,/ZETT

r-7 81964 1055
3 7 1969 825

23 7 ]'983 615
r7 7 r9'l 0 1!25
1651964 80
29 6 1,979 1,730
4 9 1969 530

12 6 1989 14 5
9 I 1982 1150

2t 6 1,9'72 1,20
27 7 1,964 1645
31 5 1980 22 0
1,1, 7 1969 2230
4 9 1970 010

19 7 1980 2155
9 7 1964 L650

29 7 1,981, r7r0
5I r.989 2350

2261975 80
13 8 1970 1730
1"0 81977 850
7 I 1969 L425
2 3 t966 21.20

19 6 r,981 1920
4 7 1983 055
9 8 1964 2145

1,5 I 1967 L720
24 7 1,988 L740
239t98I 95
10 61971- 250
24 8 1,981 710
30 8 1984 2125
28 8 1,971. 350
t7 8 t976 2225
1,5 7 1965 1.7 45
631966 30

21 7 1,983 tr25
6 '1 1965 1725

29 7 1980 1540
r,2 81984 1610
13 7 1968 510
20 81985 1,6 0
7 6 1-976 1230

25 6 1981 2350
30 7 1975 340
9 6 1981- 8 0
5 8 1989 1530

25 6 1981 820
2610 1978 435
10 9 1983 445
2), 6 L97 2 2-1, 0
t3 7 L968 223.0
1171963 80
12 5 r,985 1250
2271,983 20
1"2 7 1.963 310
30 7 1980 555
11 7 1^-3 19 0

)

END-DAT. /ZElT

17 81961 1"1 5
3 71969 1"91-0

23 7 1983 17 5
1"7 7 1,970 L425
1,6 5 1,964 2220
29 6 ].979 L840
491969 80

12 6 1989 2110
9 8 1982 1545

2t 6 L972 ].520
27 7 1964 1830
161-980 710

3,2 '7 1969 625
4 9 r-970 445

20 7 1980 101,5
9 7 L964 21.35

29 7 !98)" r7 40
6 I 1989 445

22 6 1,9'15 1,445
13 8l-970 1845
Lo 8 1977 1250
7 8 1969 1645
3 3 1966 1015

20 6 1981 025
17]_983 95
9 8 1"964 2340

16 I 1967 7s0
25 7 1988 415
23 9 1981 2115
10 6 i"971 20 5
24 8 1981 1050
31 8 1984 11-35
28 81971" 1210
1.7 I 7976 2255
l-5 7 1965 2110
6 3 1966 L't 45

21. 7 1,983 20 0
6 7 1965 2225

29 7 1980 1655
12 I l_984 2045
13 71-968 1315
20 8 t-985 1615
7 6 1.97 6 ),7 20

26 61981- 735
30 71"975 925
9 61981- r"715
5 I 1989 1720

25 6 1981 1330
26LO 79'7 I 820
10 91-983 1230
22 6 1.972 525'J_471-968 45
11 7 1963 1315
12 5 1985 1945
22 7 1.983 1.625
1,27L963 80
30 7 L980 r,240
LL 7 1-963 2L55

RSLTM (nm)

51.63
51,.46
50.26
19 .22
48.66
.18.36
46.70
46.51
45.93
44.60
44 .45
13.7'I
12 -95
42 .38
42.20
42.05
4l-.63
41. 40
41.30
41".24
41" .1.7
40.90
40 .67
40.55
39.00
38.93
38.90
38. 80
38.31
37 .9L
37.38
37 .29
36. 87
35.45
34.33
34.10
33. 83
32.23
32.08
?1 0a
3)".47
31. - 42
30. 80
30.37
29.94
29 .'7 0
29 .39
28.93
28 .52
27.'?0
27.35
27 .14
26 .36
25.36
24.37
22.80
21.L7
20.71,

R ( 1/sxha)

45.2895
L3 .297 2
12.887 2
15 .57 41-
9.4302

LL5.1,429
51. 8889
t8 -2392

139.l-818
8 -8492

70. 5556
13 .2636
15.0702
25.6849
9. 5045

24 .5906
231..2778
23.3898
16. 9959
91. .6444
28. 5903
48.6905

8.'.t 462
22.1"585
13.2653
56..1203

'7 .4521.
10.1837
8.7466
6.L047

28.3182
7.3118

1.2.2900
196.9444

2'7 .91,06
6 .421,8

1,0 . 9 482
17.9056
'r t .2889
19. 38r.8
10. 8144

1i.6.3704
r7.701.2
10. 8853
14.4638

8.91,89
44.5303
1"5. 5538
2t.t259

9 .9283
9 -0264

12."t 4r8
13.9471
10.1847

4. 6956
13.l-034

I . 71r.9
t9.1524

4.

RSUM (mm) R (1/s*ha)
W4

tffi

1"53. 42 35.2690
t-35.28 28.3606
130.00 40.1235
115.89 21 .7022
114.69 18.2048
108. 38 14.6262
103.62 32.8952
r,02.1"0 100.0980

99 -51 13.4919
98.00 13.0667
97.40 10.6448
97 .20 73.6364
90.39 18.1,506
84.94 10.0759
83.84 20.5490
8r,.96 7 .61-00
'19 .42 4t .3646
78.46 7.9493 .,3
'77.39 23.8858
76.18 17 .773]-'15.47 109.3768
72.68 r-7.8137
68.76 29.7662
65.80 28.8596
64.43 9.8067
63.84 17.8824
63.63 37.2105
63. 53 L7 .3579
62.06 20.0841
62.01 39.7500
58.96 5.3261-
55.17 29 .6613
s4.83 130. s476
54.83 38.8865
54. 80 19.6416
53.58 I.L553
53.20 10.1916
51, .77 . 22.41L3

t,



(
STATISTISCHE UNTERSUCHUNG DER NTEDERSCI{IJAGSDATEN;

ANORDNUNG DER EREIGNISSE

Kriterien zur Bestimmung ej.nes Einze1ereígnisses:
L. Zeitraum der Untersuchung : 1963 bis 19g92. miníma1e Trennzeit zwisclren 2 Niedersch1agsereigrrisse : 4Stunden.
3. Trockenr"'etter gi1t. solange die Niederschlagshohe kleiner als0,1 mm ilr 5 Milruten betrágt.4' Nur díe Ereignisse, deren gesamte Niederschlagshohe mehr a1s 20mm betrágt, werden aufgezeigt.
Sortíerung der Ereignisse nach der Regenspende R l/s/hal -

RsU}í : gesamte Niederschlagslrohe (mm) .R : Regenspende (L/s/hal.

ANF-DAT../ZEIT END-DAT.,/ZEIT RSUM

(

ANF_DAT.,/ZETT END-DAT.,/ZEIT RSUM

29 71981. L'11,0
1.7 8L97 6 2225
9 81982 1450
8 81975 1650

20 81985 1"6 0
29 6197 9 1.7 30
1.5 71979 9 0
28 7196iI 1510
13 81970 1730
2 71,965 2335

29 71980 1540
27 71,961 L615
9 81964 2145
4 9L969 530
7 81969 1425

17 7L970 LL25
L7 81964 1055
5 81989 1530
9 '11,982 21_35

81989 2045
7 t969 1,7 35
8L974 1530
7L989 530
61980 l-955
't L9'.10 220
81-965 1850
5L97 2 L31,5
71969 11s5
81_977 I50

29 71_987
I7 81.97 6
9 81982
8 81976

20 81985
29 6r97e
3"5'r1,919
28 77964
13 81970
3 71965

29 71980
27 71,964
9 81964
I 91969
7 81969

1"7 71,97 0
1.7 81964
5 81989

1.0 7 i,982

26 r.0197 8
25 71984
20 619'75
18 71968
12 81984
11 71963
12 61989
19'71977
1 71983
6 7t965

29 81"977
24 7198I
28 7L965
'1 6197 6

1-6 779?9
22 6t9"t 5
25 61981
1.2'11,969
4 '.71967

30 71975

17 71,963
13 81974
3 71"969
a 71983
1 61980

t2 71.963
2L 71,984
23 71983
L4 7L968
28 81.971.

17 40
2255
154 5
18 0
1645
l-840
1055
18 0
1845

315

16 55
1830
23 40
80

1645
1 125
14 5
1"7 20
255

5.15
2155
L925
1015
80

1r, 5
1t 5

1825
1-815
L250

820
11 0
21 30
75

2045
215 5
21.'10
L75

855
2225

1755
2050
15

L7 20
610

]'445
1,330
625

170
925

1315
a ÁF

191 0
95
'7]-O
80
055

L75
45

I270

81989
71969
81.97 4
7 7989
6198 0
7 ).97 0
81,96 5
5197 2
71.969
81.97 7

4
21
15

4
9

11
6

19
20

4

3
24
15

4
9

11
5

19
19

3

21.
z6
13

'7

9
t2
25
29
10
20

2"t_

25
13

6
o

T2
24

10
19

87965 22 0
81981 73-0
71.965 t7 45
9t9',7 0 010
71964 1650
61983 1420
81989 2350
71"970 855
61981 1"920
31966 16 0

26101978 435
24 71,984 2340
20 6197 5 't 255
1.7 71.968 2320
12 81984 1"610
r,1 71963 r.9 0
L2 61989 14 5
L8 71,977 2335
30 61983 t9 5
6 '?'J.965 L725

29
24
)1

7
15
zz

l-1
1

JU

8L977 8 0
71981 930
71965 13 5
61976 1230
7L979 20 0
6L975 8 0
61981 820
71969 2230
71967 2025
7 L97 5 340

11 71963 I 0
L2 81,97 4 ]-115
3 71.969 825
4 71983 055

31 51-980 22 0
L2 71963 310
20 71.984 4 5
23 11,983 615
L3 71"968 221,0
28 81971 350

71983 1125
61981 2350
7L968 510
91984 1010
91988 225
5198s 1250
71"988 17 40
91969 835
91983 445
13.963 L245

81965 1115
81981 10s0
71.965 21,LO
91970 445
7L964 21,35
61"983 2320
81989 145
71.9'.1 0 3,520
61981- 025
31966 650

135. 28 28.3606
37.38 28.3182
34.33 27 .9106
42.38 25.6849
42.05 24.5906
77.39 23.8858
{1.40 23.3898
5L.77 22.4tI3
40.55 22-1.585

115.89 2r.'.7022

28.52 21,.1,259
83. 84 20. 5490
62.06 20.0841
54 . 80 19.6416
31.98 19.38r-8
20. t 1 )"9.t524
46.51 1,8.2392

1l-4.69 1B .2048
90.39 18.l-506
32.23 17.9056

63.84 t7 .8824
7 2 .68 'l_7 .81,37
'7 6 .7 8 t7 .77 31,
30.80 L1 .'1 012
63.53 17.3579
41.30 16.9959
28.93 15. 5538
42.95 1 5. 0702

108.38 14.6262
29 .94 1,4.4638

26.36 1,3.9471,
99.57 L3.4919
51 .46 '1,3.29't2
39.00 13.2653
43.77 13.2636
22.80 13.1,034
98.00 13.0667
50 . 26 12.88'7 2
27 .I4 1,2.7 4L8
36. 87 L2.2900

33.83 10.9482
30.37 10.8853
31.17 10. 8114
9'1 .40 10.6448
53.20 10.19r,6
25.36 10.1847
38.80 1-0.1837
84.94 10.0759
27 .70 9.9283
64.43 9.8067

41".63 231,.z',t78
35.45 1,96.9444
45.93 139.1"818
54. 83 130. 5476
31..42 116.3704
48.36 LL5. 1429
75.17 109.3768

102.10 100.0980
41".24 9L .6444
97 .20 73.6364

32.08 71.2889
44.45 70. 5556
38.93 56.4203
46.70 51.8889
40.90 18.6905
49 .22 45. 5741
51.63 45.2895
29.39 44.5303
79.42 4L.3646

130.00 40. L235
62.O1 39.7500
54.83 38.8865
63.63 37.2105

153.42 35.2690
103. 62 32 .8952

68 .7 6 29 .7 662
55.17 29.66L3
65.80 28.8596
41..L7 28.5903

71983 20 0
61981" 735
71968 l-315
91981 1135
91988 1,655
51985 1945
71988 4t-5
9L969 I 0
91983 1230
71.963 7 0

2I
11
L5
23
21,

L
7

11"
10

25
21
1L
15
24
2T

7
1-1
10



ANF-DAT.,/ZETT END-DAT./ZEIT

19 71980 2155
t6 5L964 8 0
2t 6t972 2), 0
9 61981 8 0

2t 6],972 1,20
23 91981 9 5
2 3t966 2120

30 71980 555
20 71.983 ]-250
23 51980 2335

11 6l_971 2 5
15 8196? 1720
30 81984 2t-25
6 31966 3 0

10 61971 250
29 91971,1055
22 71,983 2 0

20 71980
16 51964
22 61972
9 61981

2't- 6L97 2
23 91981
3 31966

30 ?1980
21, 7t983
25 51980

't"2 61971
16 81967
31- 81984
6 31966

10 61971-
30 91971
22 7L983

42 -20 9. 5045
48.66 9.4302
27 .35 9 -0264
29.70 8.9189
44.60 8 .8492
38.31 8 .'I 466
40 .67 8.7 462
27.17 8.7119
s3.58 8.1553
't 8 .46 '.l .9493

81.96 7.6100
38.90 7.4527
37 .29 7.31 18
34.10 6.4278
37 .9L 6.1,047
58.96 5. 3261
24.3'I 4.6956

RSUM {!a

5ig
EÉ8

101 5
2220
525

171 5
t" 520
2l- 15
l-015
1"240
75
30
80
750

113 5
17 45
205
L7 40
r625
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AITALVSIS Otr .III'B PT'IíPS CAPACITIBS

@@

( simulated hydrograph at outlet 1
' rainÍall: design storm 00í

discharge (m../s)

6

5

4

3

2

1

o
0 50 100 150 200 250

duration of simutation (min)
netnlork: Bengbu-East (welr verslon)

simulated hydrograph at outlet 2
rainÍall: design storm oo1

discharge (m../s)
7--

6

5

4

3

2

1

0
0 50 100 150 200 250

duration of simulation (min)
netrÍÚork: Boncbu-EaBt (wsir vor8ion)



simulated hydrograPh at outlet 't

rainÍall: dosign storm o01

discharge (m'-/s)
7

6

5

4

3

2

1

€& APPBITDIX 4

AltAtysrs oF TIIB sAIÜIÍATIor xBAst RBs wIIn DESIGII s$omís@ o

network: Bgngbu-Eagt (pump verslon)
max. pump capacity i8 not limitod

discharge (m"3/s)
7

6

5

4

3

2

1

o

ngtwoÍk: Bengbu-Ea8t (pump version}

'i*. 
pu.p cápaclty i3 not llmitgd

simulated hydrograph at outlet 2
rainfall: design etorm 0oí

o 50 100 150 200 2so
duration oÍ simulation (min)

@@

o 50 lOO 150 20o 250

duration oí the simulation (min)

))



((

!

9Br
gE

9 EO'oo:616
6

Ó o<
ob

g "!
EE

a6
o
E

"i
=E
N
iÚ
c
6
É
6)í

o,..;;; ;.r;T;;:;;Í;!-lcoéoo o 9o ooér
Eá;oco
E
(!

o
oo

E
c)O-
@'@(Eí\

xm
,9

g'H "
E ffiN66L cÍE8Ej
-i (ÚuJ
-Yo
-E a99!l
o)F

=(Ú6E
EE
GIo

ffi

"E
ceEsooo
- :6 :0t

'5Eo<3 --
-9eE

'sE
:<bo

E
"d

.E

N
oc
o
oY

999o9ooo :so..eFo ii!iá já;éiáééá3--: -g:aor..iX. ----a
Fs33gYáéáá
E;oEo
E
J
6
o
o
!
{)

.= é : . . l 3 l J. á i É i i i i i i ! é i * * * * * * * i * i * á * á * * * * * i :E - -------"a
oJ(t
B
(t
o
.E
UJ

EE(,'l(Úd
Lol

$H:
Íq Efu
iD NoC aD tlJiu5
- -J

EE"'
áa9co);
a.E
iDs
bEoiD

E"ooo!r
Ü'!:6O
E1o<src
LOooEs
=qto-
EO<o.

a
0-:
E
N
oc
6
c
6Y

EE(''l
(Úd
..líJ

RIH -
=->

É#HiEi
EH
o,EEErt .S

c

ÉÉtsÉ EOiD E
iE

coU)tq'aSo
=6Ü,9

E";
E fiB
EEHorJ
s"d
g$s
PE
=ct6E
VE
(Úo

W

,EEooP_6

t .,6

:dOE>
^ o<;oc

LOoo!c
EOqr_-Eb
<o

E-
0-

o'=

N
o
6cq,
Y



ot, t-
o'Ú)
(o r-t
-v{oc=mo:i ÍE
EDY #

ET9
s^

tox
gE $Ds>. -o 6
s$E +

PE g í
EE3 E(l)2 Pv.E á
(o

EEol(5(tl=ur

É9*i'
gHg
#$=cox
ur *'E

*--o)o xc!rEE c'E
E.E -
6 iÚg
bE
a'|('-

APPBI{DIX 5

Al{ALYsIs otr TIIB SNIITATIoN llE,AsUREs rÍITH TIIE sELFcnBD REAL EvENTsM!W
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flooding volume (too m..g) flow duration (hour)
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