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In this paper the development of a single set of design parameters of the sizing ofAbstract
the tidally affected detention pond system was analysed and tested. The approach uses critical
duration single storm event of specified return period, together with a single harmonic tide. The
design flood level is then the aggregate of the levels obtained using the system model with the
four phase lags between the high tide and peak inflow. The inequality resu lt ing between the
return period of the storm and the resulting aggregate level is adjusted using a modeling factor.
The modeling factor is seen to vary significantly with the level of the offsite sewer and this
variation is quantified.
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INTRODUCTION

In designing detention ponds with t idal and
rainfall influence, to store flood surface water, it
is necessary to give guidance to the designer on
the selection of tides and storms that should be
used in the design of these ponds. In the ir
in land de t e n t ion pond syst ems, dra in age
authorities have, in general, adopted a specified

return per iod coupled with par t icular storm
profile and critical duration and require that the
design discha rge should be passed wit hout
surcharge. In t idally affected coastal regions,
the re is an added problem of the t ide which
affects the levels in the discharging waters. In
such areas the same standards for rainfall input
var iable s a re adop t ed and the simula t ion
method is developed based on deriving the joint
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probability of occurrence of detention pond by
combining the probability of the rainfall and
peak tidal amplitudes [1]. Since designers will be
unable , for economic reasons, to run all the
combinations of tide and rainfall used in the full
simulat ion process, it is n ecessa ry t o give
guidance to the designer on the se lection of
t ides and storms that should be used in the
design of these ponds.
The normal method of design for drainage

systems is based on an estimation of the design
flood discha rge , wit h t he spe cifie d st orm
duration together with the storm profile . It is
normally assumed that the return periods of the
peak discharge and the design storm are equal.
The equality may be approximated by setting all
other design inputs, i.e .the variable s that are
sign ifican t to the de r ivat ion o f th e de sign
hydrograph which must be specified by the
designer, at their median values [2].
A more objective choice of the design inputs

on r ive r s, may be obt a in e d by means o f
sensitivity analysis in which the design method is
applied repeatedlywith different combinations
of the ir probabilit ie s of occurrence [3]. The
selection of the design storm is based on rainfall
depth intensity-duration-frequencyinformation
and a catchment response model.A simulation
t echn ique is de scr ibed wh ich samp les th e
possible ways in which a T-year rainfall re turn
pe r iod can cause floods, and de r ive s the ir
probability distribution.It was considered that
the median values of storm duration and storm
profile yield a design flood not far removed

flood following t he T-yea rfrom the average
storm.
L a t e r t h e F loo d Stu die s R e po r t a lso

suggested selecting design storm parameters, for
estimating floods in rivers, through a sensitivity
analysis to find the antecedent condit ions and
design storm that consistently gave flows which
matched observed flood frequencydistributions
[4]. Since the re was ra re ly enough data to
define an observed flood frequency distribution,

it was conside re d t ha t a syn t he t ic flood
frequency distr ibut ion may have to be used.
T h is d ist r ibu t io n wa s ge ne r a t e d by th e
simulat ion me thod in probability space. The
catchment model was run with many different
combinations of input var iable s sampled in
p ropo r t ion t o t h e ir own p r obabilit ie s o f
occurrence in orde r to obtain a probability
distribution of the output. Four design inputs
we re propose d for t he flood est ima t ion , a
representative value being allocated to three of
them. The fourth value was then specified to
gene rate the equalit y be twe en the rainfall
re turn pe r iod and the flood peak discharge
return period. The four design inputs consisted
of the to tal depth , durat ion of rainfall, the
storm profile and a measure of antecedent
conditions, in the form of a Catchment Wetness
Index (CWI).
P a ckman an d Kidd in ve st iga t e d t h e

re la t ion sh ip be twe en the p robabilit ie s o f
hydrological variables in urban drainage design
[5]. The objective of the investigat ion was to
determine systematically a suitable set of input
variables for the selection of the design storm
event which will, on the ave rage , produce a
peak runoff of the required return period. They
suggested that the synthet ic flood frequency
dist r ibut ion should be gene rated through a
continuous simulation, by feeding a long rainfall
r ecord th rough the rainfall-runo ff mode l,
calibrated to the par t icu lar catchment area,
rather than the probability simulation used in
the Flood Studies Report. This approach was
used because the probability simulation requires
more analysis and co rre spondingly a much
large r computer re source . As a re sult of the
sensitivity analysis, to variations in design inputs,
the following de fin it ions were found for the
hydrological variables [6];
I) The storm duration should be the one which
gives the maximum peak flow discharge.
I I ) The re turn pe riod of the rainfall depth
should be equal to that of the peak runoff.
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I I I )The sto rm pro file should be the "50%
Summer" profile.
As a re sult , if a sto rm rainfall of T-year

return period with the 50% summer profile over
each of the durat ions of 15, 30, 60 and 120
minute s are applied to the model, the T-year
flood for the catchment will, on the average, be
the maximum peak flow obtained from these
durations.

METHODOLOGY

The normal me thod of design for drainage
system is based on est imat ion of the design
flood discha rge , with t he specifie d re tu rn
pe r iod . In coast al dr a inage analysis, it is
necessary to obtain a design flood level using
rainfall depth duration, frequency together with
t ida l var iat ions and a ca tchment re sponse
mode l. I n o r de r t o p e r fo rm st a t ist ica l
hydrological analysis to determine an economic
design flood, it is necessary to compare floods
of varying duration, profile, re turn periods and
a t va r ious st at e s of t ide wit h t he ove ra ll
simulat ion re sult s. The simu la t ion re su lt s
conside red are , within the limitations of the
mode ling p roce du re , a ssumed, t o be t he
"correct" results. The approach is then to select
"appropriate" values for the different design
var iables so that the peak design flood leve l
should approach the flood level obtained from
full simulation.
This process achieved by designing a pond,

using the full simulation analysis for the T-year
level, and then using T-year design rainfall and
comparing the flood depth to the design level
for average causative events as previouslyused
in inland catchments. It may then be possible to
determine a re lat ionsh ip be tween the storm
rainfall re turn pe riod and pond flood re turn
period. This relationship introduces a modeling
factor and the variation of this modeling factor
can be investigated to determine whether it is
related to site specific data.
Cur rent pract ice is to u se in land design

storms with extreme tides and at their extreme
worst position [7]. Clearly this event will have a
return pe r iod great ly in excess of the design
storm. The selected method somehow allows
this design to account for extreme events to be
included in the process, without gene rating
u n du ly o ve r -co n se r va t ive de sign s . T h e
philosophy behind the approach adopted is to
use exist ing average events fo llowing exist ing
in la nd syst ems, t o a llow the de signe r t o
undertake extreme events in relation to the tide
bu t to have t he se ave rage d ou t wit h le ss
extreme events where possible and, finally, to
gene rate a relat ionship between rainfall and
event re turn pe r iod to cove r any inequality
developed.

I n t h eI. The Selected Return Period
tidally catchment drainage design there are two
return pe riods to be conside red: the rainfall
re turn period and the tidal return period. The
T-year tide return period will never cause the
T-year level in the detention ponds since if it is
not raining the pond is going to be empty. It is
necessary, therefore, to concentrate the analysis
on trying to generate a rainfall re turn period
equal to the pond level re turn per iod. Since
detention pond are dominated by the rainfall
return period, the logical approach is to ignore
the tidal using the peak probability distribution
concept. The specification of the design flood
should be determined by the designer following
an economic appraisal.

 F o r  aII. The Selected Storm Profile
given storm duration and total rainfall, there is
an in fin it e va r ie t y of st o rm p ro file s, t h e
variation for which is caused by the different
rainfall types. The storm profiles were ranked
acco rding  t  o  t  h e ir  p eak  in t e  n sit  y  [8].The
published profiles were for 10%,25%,50%,70%
an  d  90%  Su  mme  r  an  d  Win  t  e  r  p  e  ak  e  dn  e  ss,
de fin ed as t he rat io of maximum to mean
intensity. Since most of the short storms occur
in the summer, it is preferable to use a summer

International Journal of Engineering Vol. 14, No. 2, May 2001 - 165



p ro file in t he ana lysis. Be cause t h e "50%
Summer" profile is the average profile , in that
50% are less or more peaked, it is most natural
to consider it as a single design event in storm
drainage design . However, the "75% Winter"
profile is recommended for r ive r catchment
studies.
Although the 50% summer profile seems

appropriate for urban drainage and the 75%
winter profile can be justified for fluvial flows,
they will provide confidence to the designe r
than provide an advantage for the benefit of
selecting an ideal design event.

      AIII. The Selected Storm Duration
design storm is a sequence of rainfall intensities
of a de fine d to tal durat ion . R ea l recorded
rainfalls could be adopted as a design storm, but
in most systematic design methods it is common
to specify some simple characte rist ics of the
storm which lead to a calculated sequence of
rainfall intensit ies. The duration required for
storm drainage cannot be defined accurately. In
using a uniform intensity method,an average
rate of rainfall of a given return period over a
se r ie s o f du ra t ion s e qua l t o t h e t ime o f
concentrat ion, is recommended. Studie s with
the hydrograph methods have shown that the
storm duration which produces the maximum
discharge is usually large r than the t ime of
concentration [9].
Wooldridge proposed that for the design of

storage tanks larger durations than those giving
the peak discharge are required [10]. In the
current study, the considered durations cover all
r a in st o rm du ra t ion s, from 1 hou r t o 48
hour s,t hat ar e commonly se lected in r ive r
flooding design. For urban drainage design it
would be preferable to have a large number of
durations in the range of 30 minutes to 6 hours
to produce the real relationships between the
crit ical duration and catchment characterist ics.
However, such data is not available . In reality

the designe r is always like ly to change the
design duration which is considered necessary to
a llow the de signe r t h e fle xib ilit y o f t h is
parameter in the design. In the current study a
range of storm duration is considered within the
model with the design duration set at any part
which produces the peak pond level. That is,
e ve n t he worst du ra t ion can be used as a
suitable stable value for the design event.

T h eIV. The Selected Tide Amplitude
probability den sit y of peak t ida l le ve l was
syn t h e size d whe re t he t ida l va r ia t io n is
dominated by the principal lunar and solar
semidiurnal const ituent t ides. The value of
Mean High Tide Level (MHTL) is equal to the
summed product of each High Tide level and its
corre sponding relative frequency. The most
logica l se le ct ion o f a single va lu e of t idal
amplitude as the design event is a tide equal to
MHTL. This is because it is the ave rage tide
value and easy to determine. The single design
tide is, however, a drastic simplification of tidal
behavio r . I f th e ou t fall leve l is above the
MHTL, then the selection of MHTL as a single
tidal effect is not reasonable. The reason is that
in such a case there is no tidal effect and the
model and detention pond are effectively tide
free. I t is necessary, the re fore , to refine the
MH T L b y in t r o d u c i n g t h e a ve r a ge
representative tidal level called the Mean Level
of Tidal Exceedence as a design event.

V. The Selected Number of Lags Between
The posit ionPeak Inflow and High Tide

in the t idal cycle is specified as the phase lag
between the peak inflow into the pond and the
arrival time of high tide. It is not reasonable to
select one lag as the design basis. The reason is
that by selecting one lag, it would have to be an
average lag which means that the tide would be
half in or half out. In this case , if the outfall
sewer level is high,the analysis may be entirely
nont idal which is an unrealist ic event . The
se lect ion of two lags is possible , but does not
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really adequate ly cove r the range of events.
Therefore, four lags were adopted because they
reasonably cover the range and represent the
random nature of coincidental occurrenec of
tidal levels to peak inflow into the pond. This
has t h e advan t age o f ave raging t he fou r
different cases,high tide coinciding with peak
inflow,low tide and with the tide just crossing
the Mean Sea Level (MSL) both at rising and
falling states. The probability of occurrence of
t he phase lag was dependent on the to ta l
number of lags selected in the analysis.

MODELING FACTOR

The initial design methodology provided a basis
for recommending the particular design values
for the diffe r en t parame te rs. All t he fixed
variables have been selected which included the
rainfall design return period, the 50% Summer
storm profile , the worst storm durat ion , the
mean t ida l amp litude , and fou r phase lag
positions in the tidal cycle. It is proposed to run
these design events at two diffe rent re turn
pe r iods and compare the peak design flood
level with the flood level obtained from the full
simulation analysis. This process is undertaken
by fir st de sign in g a p on d using t h e fu ll

simulation analysis for the T-year level. Then
running the T-year design rainfall with the
above design e vent pa rame te rs. U sing th is
design event level for the pond and the return
pe riod that has already been achieved by full
simulation analysis, the design event level can
be determined. It is, therefore, possible to use
th is process to in t roduce a modeling factor
defined as the ratio of these two return periods.
The variation of this modeling factor can then
be invest igat ed to de te rmine whe t he r it is
related to site specific data.

APPLICATION

Table 1 indicate s the significant parame te r
variables, that affect the system. By considering
all of those variables, that affect the system, 96
different modeling factor were obtained for the
pond and catchment selection by using the ratio
be twe en design rainfa ll r e tu rn pe r iod and
result ing pond level return period. Since all of
the single design variables have been selected
on approximately average values and only the
duration variable is based on the worst duration,
it wou ld, t h e re fore , be expect ed t ha t th e
average value of the modeling factor would be
less than one.

TABLE 1. Parameter Variable Values Used in the Parametric Study.

Tide CharacteristicsPond CharacteristicsCatchment Characteristics

Design Return

Period

Tidal

Amplitude

Outfall

Elevation

Pond

Shape

Slope of

Catchment

Area of

Catchment

Name of

Variable

223222

No. of

Selected

Variables
20 years

50 yeaes

Location 1

Location 2

MSL,MHWN

MHTL

Triangular

Rectangular

0.001

0.002

15 ha

500 ha

Values

of

Variables
n = 1; 20
n = 2; 50

m=1;Avonmouth
m=2;Aberdeen

1=1,MSL
1=2;MHWN
1=3;MHTL

K=1;Triangular
K=2;Rectangular

j = 1; 0.001
j = 2; 0.002

i=1; 15 ha
i=2; 500ha
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TABLE 2. Values of Modeling Factor for 20 Year Return
Period Us ing Mean High Tide Level (MHTL) as the
Design Tide.

g 1,1,1,1,1,1 = 0.815g 2,1,1,1,1,1 = 0.784
g 1,1,1,3,1,1 = 0.571g 2,1,1,3,1,1 = 0.541
g 1,1,2,1,1,1 = 0.785g 2,1,2,1,1,1 = 0.842
g 1,1,2,3,1,1 = 0.557g 2,1,2,3,1,1 = 0.526
g 1,2,1,1,1,1 = 0.670g 2,2,1,1,1,1 = 0.760
g 1,2,1,3,1,1 = 0.445g 2,2,1,3,1,1 = 0.488
g 1,2,2,1,1,1 = 0.784g 2,2,2,1,1,1 = 0.870
g 1,2,2,3,1,1 = 0.560g 2,2,2,3,1,1 = 0.490
g 1,1,1,2,1,1 = 0.458g 2,1,1,2,1,1 = 0.476
g 1,1,2,2,1,1 = 0.528g 2,1,2,2,1,1 = 0.604
g 1,2,1,2,1,1 = 0.465g 2,2,1,2,1,1 = 0.503
g 1,2,2,2,1,1 = 0.604g 2,2,2,2,1,1 = 0.618
g 1,1,1,1,2,1 = 0.820g 2,1,1,1,2,1 = 0.840
g 1,1,1,3,2,1 = 0.572g 2,1,1,3,2,1 = 0.640
g 1,1,2,1,2,1 = 0.889g 2,1,2,1,2,1 = 0.910
g 1,1,2,3,2,1 = 0.556g 2,1,2,3,2,1 = 0.665
g 1,2,1,1,2,1 = 0.784g 2,2,1,1,2,1 = 0.823
g 1,2,1,3,2,1 = 0.667g 2,2,1,3,2,1 = 0.570
g 1,2,2,1,2,1 = 0.870g 2,2,2,1,2,1 = 0.950
g 1,2,2,3,2,1 = 0.516g 2,2,2,3,2,1 = 0.586
g 1,1,1,2,2,1 = 0.580g 2,1,1,2,2,1 = 0.588
g 1,1,2,2,2,1 = 0.600g 2,1,2,2,2,1 = 0.618
g 1,2,1,2,2,1 = 0.628g 2,2,1,2,2,1 = 0.538
g 1,2,2,2,2,1 = 0.590g 2,2,2,2,2,1 = 0.606

RESULTS

A statistical analysis is undertaken to obtain the
relationship between various values of modeling
fa ct o r a n d t h e va lu e s o f t h e d iffe r e n t
parameters. Table 2 and Table 3 show different
values of modeling factor for the 20 year and 50
year design return pe riod, respective ly. The
modeling factor is subscripted as gijklmn where
diffe rent values of indices are explained in
Table 1.
The mean, standard deviation and coefficient

of variat ions of the modeling factor for each
variable have been computed and tabulated
separate ly in Table 4 and Table 5 for 20 year
and 50 year design return periods, respectively.
In ge n e ra l, t h e r e su lt s in dica t e t h a t t h e

TABLE 3. Values of Modeling Factor for 50 Year Return
Period Us ing Mean High Tide Level (MHTL) as the
Design Tide.

g 1,1,1,1,1,2 = 0.810g 2,1,1,1,1,2 = 0.774
g 1,1,1,3,1,2 = 0.550g 2,1,1,3,1,2 = 0.550
g 1,1,2,1,1,2 = 0.840g 2,1,2,1,1,2 = 0.926
g 1,1,2,3,1,2 = 0.692g 2,1,2,3,1,2 = 0.671
g 1,2,1,1,1,2 = 0.760g 2,2,1,1,1,2 = 0.787
g 1,2,1,3,1,2 = 0.560g 2,2,1,3,1,2 = 0.586
g 1,2,2,1,1,2 = 0.855g 2,2,2,1,1,2 = 0.900
g 1,2,2,3,1,2 = 0.565g 2,2,2,3,1,2 = 0.635
g 1,1,1,2,1,2 = 0.556g 2,1,1,2,1,2 = 0.625
g 1,1,2,2,1,2 = 0.630g 2,1,2,2,1,2 = 0.698
g 1,2,1,2,1,2 = 0.570g 2,2,1,2,1,2 = 0.633
g 1,2,2,2,1,2 = 0.635g 2,2,2,2,1,2 = 0.671
g 1,1,1,1,2,2 = 0.880g 2,1,1,1,2,2 = 0.908
g 1,1,1,3,2,2 = 0.665g 2,1,1,3,2,2 = 0.675
g 1,1,2,1,2,2 = 0.895g 2,1,2,1,2,2 = 0.865
g 1,1,2,3,2,2 = 0.714g 2,1,2,3,2,2 = 0.695
g 1,2,1,1,2,2 = 0.806g 2,2,1,1,2,2 = 0.893
g 1,2,1,3,2,2 = 0.616g 2,2,1,3,2,2 = 0.610
g 1,2,2,1,2,2 = 0.927g 2,2,2,1,2,2 = 0.926
g 1,2,2,3,2,2 = 0.625g 2,2,2,3,2,2 = 0.641
g 1,1,1,2,2,2 = 0.670g 2,1,1,2,2,2 = 0.655
g 1,1,2,2,2,2 = 0.687g 2,1,2,2,2,2 = 0.678
g 1,2,1,2,2,2 = 0.602g 2,2,1,2,2,2 = 0.658
g 1,2,2,2,2,2 = 0.590g 2,2,2,2,2,2 = 0.662

sensit ivity of the modeling factor to change in
the catchment area, to catchment site slope, and
to shape of the pond and tidal amplitude is not
ma t e r ia lly sign ifican t in de t e rmin ing t he
modeling factor. The average modeling factor is
more sensit ive to the outfall sewer elevation
relative to the sea level, for both return periods
than for all other variables. The deepening of
the outfall leve l from Mean High Tide Level
(MHTL) to Mean H igh Tide Neap (MHTN)
and then to Mean Sea Leve l (MSL) increases
the modeling factor by 0.7% and 47.8 for 20
year return period and 2.7% and 36.76% for 50
year return period, respectively. There is only a
slightly increased modeling factor, moving the
out fall sewer leve l from MHTL to MHWN,
whe re as from MHWN to MSL the re is a
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TABLE 4. Mean, Standard Deviation and Coefficient of Variation for Each of the Catchment Parameters
(20 Year Return Period) in the Case of MHTL as a Design Tide.

Standard Deviation and

Coefficient of Variation for

Different Value of Each

Variable

Coefficient

of

Variation

%

Standard

Deviation

Mean Modeling
Factor for All
Variables

Variable

Value

Name of

Variable

1.750.011420.50

22.18

0.1303

0.1465

0.638

0.661

15

500

Area (ha)

3.600.23420.64

21.57

0.1294

0.1451

0.626

0.673

Triangular

Rectangular

Shape of

the Pond
1.140.007420.67

22.20

0.1358

0.1425

0.657

0.642

1 in 1000

1 in 500

Slope of the

Catchment

Site

5.400.0351521.93

19.72

0.1347

0.1350

0.614

0.685

Higher

Tide

Lower Tide

Location of

the Tide

19.250.12508.20

10.14

10.64

0.0677

0.0571

0.0595

0.826

0.563

0.595

MSL

MHWN

MHTL

Outfall

Level

con side rable in cre ase . The coe fficien t o f
variat ion of the ave rage modeling factors for
the case of the three different outfall levels is
19.25% and 14.82% for 20 year and 50 year
return period respectively. As a result, over the
range of different variable s conside red, the
modeling factor is only materially related to the
outfall sewer elevation rather than to the other
site parameters.
Figure 1 shows the variation of the modeling

factor with the outfall for the 20 year and 50
year return periods, together with the 90% and
95% confidence limits.
By conside ring the position of the outfall

leve l in re lat ion to the tidal condit ion , it is
possible to determine the modeling factor, and
therefore, to obtain the specified flood return
period .The figure provides reasonable bands

for defining the exact rainfall re turn periods in
relation to the flood return period. This can be
used to directly determine the required storm
re t u rn pe r iod fo r d iffe re n t out fa ll sewe r
elevations relative to the local tidal condition.
F igu re 2 shows the dir ect r e lat ion sh ip

between the chosen design return pe riod and
the storm return period. This enables the flood
le ve l r e t u r n p e r io d t o b e ch o se n fo r
r e commended ra in fa ll r e tu rn pe r iods fo r
different outfall level posit ions relative to the
sea level. This allows the designer to obtain the
design flood for any required return period and
outfall level posit ion relative to the local t idal
situation.

CONCLUSION

The main objective of this paper was to develop
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TABLE 5. Mean, Standard Deviation and Coefficient of Variation for each of the Catchment Parameters
(50 Year Return Period) in the Case of MHTL as a Design Tide

Standard Deviation

and

Coefficient of

Variation for

Different Value of

Each Variable

Coefficient

of

Variation

%

Standard

Deviation

Mean Modeling

Factor for All

Variables

Variable

Value

Name of

Variable

1.100.007617.32

16.00

0.1223

0.115

0.706

0.720

15

500

Area (ha)

3.800.0270116.35

15.50

0.112

0.114

0.684

0.738

Triangular

Rectangular

Shape of

the Pond
1.500.010815.45

17.13

0.111

0.112

0.722

0.700

1 in 1000

1 in 500

Slope of

the

Catchment

Site
3.350.023816.69

15.37

0.1147

0.1129

0.687

0.735

Higher

Tide

Lower Tide

Location of

the

Tide
14.820.10506.40

5.90

8.40

0.055

0.038

0.053

0.859

0.645

0.628

MSL

MHWN

MHTL

Outfall

Level

a single set of design parameters for a storm
runoff detention pond discharging into a tidal
sea. A suitable design event was de te rmined
that enabled a simple design analysis to be
undertaken that represents the re sults of full
simu la t io n ove r a r a nge o f ca t chmen t s,
detent ion ponds, t idal situations and re turn
per iods. This approach which is as simple as
po ssib le a llows the de signe r t o p r ope r ly
consider alternative designs without the need
for excessive calculations.
It was accepted, as a prerequisite , that the

full simulation produces the "correct solution".
It was, therefore, necessary to select suitable
single values for each variable to form a design
event. The selection was being undertaken as a
result of comparisons with the full simulation
process. A summary o f the findings was as
follows;
I) The storm durat ion should be such that it
gives the maximum peak pond level.
II ) The profile should be the "50% Summer"
profile.
III) The selection of a single value of the tidal
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Figure 1. Variation of modeling factors with outfall level
including confidence intervals: (I) 20 yesr and (II) 50 year
return period.

amplitude is equal to MHTL.
IV) The selection of four lags between the peak
inflow and peak tidal level.
Based on these design events a mode ling

factor, defined as the ratio of the full simulation
return period and the design return period, was
in t r odu ce d. T he e ffe ct o f d iffe r e n t si t e
parameters on that factor was investigated and
it was concluded t ha t , ove r t h e range o f
diffe r en t parame te rs conside re d, t he most
sign ifican t var iab le was t he out fall sewe r

Figure 2. Variat ion of flood return period with rainfall
return period for different outfall levels.

e levation. By conside ring the posit ion of the
outfall level in relation to the tidal condition it
is possible to determine the expected value of
t h e mode lin g fa ct o r a n d t h e r e fo r e t h e
appropriate rainfall return period in relation to
the flood le ve l re turn pe r iod in the de sign
analysis.
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