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ABSTRACT 

On-site storm water detention is widely used in Australia as a means of controlling the increased storm 
discharges from urban consolidation projects. However, unless the maximum permissible site discbarge is 
correctly determined, the local piped drainage system may be overloaded. This paper presents a generic 
methodology that integrates detention storage behaviour with drainage design theory in sucb a manner as to 
protect the entire length of the downslream drainage system. Its generic DalUre facilitates its universal 
application to all systems, protecting these valuable community assets throughout their service lives. 
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INTRODUCTION 

The ongoing trend of urban consolidation in Australia's major cities continues to increase the stormwaJer 
loads on the local piped drainage sysJems as evidenced by the increasing incidence of flash flooding. In 
response. many local authorities are requiring developers to restrict discharges by providing on-site 
stormwaJer deJention (OS D) facilities. However unless these are designed by appropriate methods. they may 
not proJect the local sysJem during design storms. 

o 
Figure I. Site bydrographs and slOrage ouUlow hydrograpbs (a) below-ground (b) on-ground. 
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Previous work (Phillips, 1992), reported the development of representative hydrographs suitable for OSD 
design purposes. Site hydrographs, based on the work of Yen and Chow (1980) and Boyd (1990), were 
employed to simulate the response of existing storages to design storms, leading to representative storage 
outflow hydrographs for below-ground and on-ground storages. The typical site and storage outflow 
hydrographs, shown in Fig. 1, can be used to develop a catchment-based methodology that protects the 
existing drainage system against overload, due to runoff from intensive urban redevelopment, throughout its 
service life. 

METHODOLOGY OF DESIGN PROCEDURE 

Piped urban drainage systems are designed to cope with catchment runoff from all storms up to a certain 
return frequency. The design discharge at any given location in the system is often calculated using the 
Rational formula, Q = CIA, where 'C' is the weighted coefficient of runoff of the catchment and 'I' is the 
average intensity of the storm of duration equal to the time of concentration of the upstream catchment to 
that location. 

Since average storm intensities decrease with increasing duration, the runoff per unit area of catchment 
given by the formula will also decrease. This means that the design capacity provided in the pipeline per unit 
area of catchment can similarly be decreased on moving downstream. The total capacity however will 
increase because of the outweighing effect of the overall increase in contributing area. 

Now to perform effectively, an OSD storage should regulate its outflows to match these decreasing 
downstream pipeline capacity provisions. However it has been shown that storms of increasing duration, up 
to a critical duration often greater than that of the time of concentration of the catchment tc, increase on-site 
storage volumes, hence depths of storage and, consequently, outflows (Poertner, 1974). 

To resolve this paradox, consider the model catchment shown in Figure 2 and the data in Table 1. The sites 
are of unit area and are located along the main drain timewise, as listed in the table. The 0.17 tc for Site 1, at 
the top of the catchment, allows for a finite site time of concentration. The pipeline provision shown for each 
site is based on typical IFD curves. The table can also be read as the pipeline capacity provided for each site 
at each location for storms of equivalent duration, i.e. the pipeline provision for each of Sites 1 and 2, at a 
location 0.33tc downstream is 1.75 Qp, where Qp is the pipe provision for each of the four sites at the outlet., 
ie. for a storm of duration tc. 

Table 1. Site locations and outflows for design ARI storm site 

Site Time of Pipeline capacity 
concentration of provision at that 
upstream site, for that site 
catchment and each 

upstream site. 

1 0.17 tc 2.25Qo 

2 0.33 tc 1.75 Qo 

3 0.67_~ 1.30Qo 

4 1.00 t,. 1.00 QD 
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Figure 2. Model catchment and unit area sites. 

However. as discussed above. following site redevelopment with OSD. storms of duration tc will generate 
the highest storage requirements and hence outflows. which. as can be seen from the table, must be limited 
to Qp from each site and be timed to arrive at the catchment outlet at time tc. 

This situation can be achieved by timing these storage releases for each site in the manner illustrated in 
Figure I above. Here, if Qp is released at time tcs. the time of concentration of the upstream catchment to a 
particular site. it will arrive at the outlet at time tc. and hence match the design provision in the pipeline at 
that location. Subsequent higher outflows from the site then arrive at the outlet after tc. when surplus 
capacity exists in the pipeline. From the geometry of Figure I (a) and the equation to the outflow hydrograph, 
the expression given below can be derived for below-ground storages. viz: 

Qp 
PSD 

= 
] [ ]

2.67 

L6[ (~~) - 0.6 t (l~~) 
Ie 1 3Qa e 3Qa 

For on-ground storages. the geometry of Figure I (b) yields the expression : 

2Qa(2teQp + 3tc + tes) PSD + 2QaQp = 0 
te 3Qa 4 4 

Applying these equations to each of the sites yields the Permissible Site Discharge (PSD) values for the two 
types of storage as given in Table 2. 

Table 2. Permissible Site Discharges (PSD) 

Site Below-ground On-Ground 

1 2.40Qo 1.25 Qo 
2 1.60Qo 1.20Qo 
3 1.10 On 1.05 On 
4 1.00 On 1.00 On 

The cumulative site outflow hydrographs at the catchment outlet for prior and post redevelopment 
conditions are shown in Fig. 3. together with the total catchment hydrograph. It illustrates that the 
methodology ensures that the design peak outflow for the whole catchment at time tc is not exceeded, and 
that this is achieved by delaying the arrival of the increasing storage outflows until surplus capacity is 
MT 32.1-11 
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available in the pipeline. It suggests that the scope for urban redevelopment, with OSD and the existing 
drainage infrastructure, is unlimited. 
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Figure 3. Hydrogmpbs at catchment outlet with OSO. 

However, while the design capacity at the catchment outlet is not exceeded, the upstream drainage system 
must also be checked to see that storage outflows nowhere exceed the capacity provisions. Initially, below•
ground storages will be checked because, as can be seen from Table 2, they have the higher PSD's. 

To examine this aspect, firstly consider the pipeline adjacent to Site 3 and the outflows it will be subjected to 
from this site for a storm of duration of 0.67 tc. From Table I, a provision of 1.30 Qp was made in the 
pipeline for outflows from each of Sites 1, 2 and 3. 

Figure 4. Site 3 bydrograpbs for Stom duration 0.67 te. 

Figure 4 depicts a site hydrograph for a storm duration of 0.67 te together with the corresponding storage 
outflow hydrograph. It has been shown that the reduction in storage volumes generated by the shorter 
duration storms to be examined only marginally reduce peak storage outflows, so that the PSD's given in 
Table 2 are satisfactory for use in the following examination (Phillips 1994). 

As Site 3 is adjacent to the pipeline at location 0.67 te, the figure shows that the outflow Qx will be nearly 
1.10 Qp' which is less than the pipeline provision of 1.30 Qp for Site 3 outflows, (Table 1). 

The contribution Qx to this location from the storage at Site 2 can be similarly determined, knowing that it 
must be released at 0.33 tc in order to arrive at Site 3 at time 0.67 tc. Hence from Figure 5 and the equation 
to the outflow hydrograph. Qx = 1.28 Qp. Again this is less than the 1.30 Qp provided in the pipeline 
adjacent to Site 3. for Site 2 outflows. 



o 

On-site stormwater detention 

0.33 tc 

1.60 Qp 
/ 

Figure S. Site 2 hydrographs storm duration 0.67 11:. 
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Similarly. the Site I storage outflow to reach Site 3 at 0.67 tc is 1.26 Qp' also less than the 1.30 Qp provided 
for Site I outflows. Hence the outflows from storages on Sites I. 2 and 3 are always less than pipeline 
provision for runoff from the three sites. at a distance downstream timewise of 0.67 te. 

The same procedure can also be applied to check the outflows from the storages at Sites I and 2 for a stonn 
of duration 0.33tc against the pipeline capacity provided for them at 0.33te time wise. downstream. i.e. 
adjacent to Site 2. 

1.60 Qp 
/ 

Figure 6. Site 2 hydrograpbs for stonn duration 0.33 11:. 

From Fig. 6 and the equation to the outflow hydrograph. it can be shown that the Site 2 outflow Qx. will be 
approximately 1.57 Qp• which is less than the capacity of 1.75 Qp provided in the pipeline for Site 2 
outflows adjacent to Site 2. (Table I). 

The outflow from Site I can be calculated from Fig. 7 and the equation to the outflow hydrograph. Again it 
can be shown that Qx = 1.71 Qp• which is less than the capacity of 1.75 Qp provided in the pipeline adjacent 
to Site 2. for Site I outflows. 

Finally. the pipeline at Site I was designed to accept 2.25 Qp from Site 1. A stonn of only 0.17 tc duration 
does not fill the storage. so that the storage outflow will not achieve 2.25 Qp. 

Therefore. it can be proposed that the methodology. used with below-ground storages. protects the entire 
drainage system against overload due to intensive urban redevelopment. 
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0.17 tc 
Figure 7. Site 1 bydrograpbs for storm duration OJ3tc. 

In the case of on-ground storages. from inspection of Table 2 and the orientation of the adopted straight-line 
outflow hydrograph in Figure l(b). it is evident that in satisfying outflow constraints at the catchment outlet. 
storage outflows Qx for shorter duration stonns will always be less than capacity provisions for prior site 
outflows within the drainage system. 

Expressions for the design storage capacity. frequency of storage and period of storage operation. can also 
be derived from this methodology for both types of storage. and are given in the previous reference. 

GENERAL CONSIDERATIONS 

The generic nature of the methodology confers an adaptability that meets a universality of design situations. 
This flexibility allows designers to select parameter values appropriate for each application. 

The integration of the hydrologic models with the drainage system. using the Rational fonnula, reflects the 
fact that these systems were generally designed using flow rates calculated by this fonnula. 

Further attenuation of the already subdued outflow hydro graphs in the pipeline is neglected because of the 
limited scope for transient storage in a pipe'system running full at design discharge. Additionally. any such 
effects present are inherent in the coefficients of runoff and travel times used. since these are chosen by the 
designer based on experience with the system and catchment 

CONCLUSIONS 

(i) The proposed solution resolves the incompatibility between storage and drainage flows by integrating 
their hydrologic characteristics. 

(ii) The catchment-based methodology ensures that the entire length of the existing system is Protected 
against overload due to urban redevelopment. 

(iii) Its implementation pennits unlimited redevelopment to proceed while ensuring that the full service life 
of the existing drainage assets is preserved. 

(iv) The generic nature of the methodology intrinsically accommodates locally used parameter values 
derived from experience. 
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