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ABSTRACT 

Four Water Sensitive Urban Design (WSUD) technologies (leaky well, soakaway, infiltration 

trenches and rainwater tank) were designed using source control principles for 10% and 5% 

AEP storm events under three soil types (sandy clay and two grades of medium clay) in the 

Pipers Crest catchment, a residential subdivision in Strathalbyn, South Australia.  The main 

objective of this paper is to examine how the event-based designs of these WSUD technologies 

perform using continuous simulation modeling in Storm Water Management Model (SWMM).  

Two scenarios were run: conventional (without WSUD) and hybrid (with WSUD).  Six minute 

rainfall data was used from the Langhorne Creek gauge (from 1977 to 2008). 

The peak flow of the catchment outlet in conventional and hybrid drainage systems was 

compared using partial series analyses.  The results showed that the percentage reduction of 

flood quantile by the hybrid system with WSUD was increased when the permeability of the 

soil was decreased.  The greatest reduction was observed in low medium clay soil where 

rainwater tanks were the only suitable WSUD option.  The outcomes indicate that the event-

based hydrologic designs of WSUD technologies developed in this study performed 

successfully under continuous simulation modeling in SWMM. 

INTRODUCTION 

Background 

Urbanisation has many consequences in natural as well as engineered water cycles including a reduction 

in infiltration, decline in groundwater recharge, deterioration in water quality, and increase of runoff 

volume and peak flow to the receiving waters (Bajracharya et al. 2015; Guan et al. 2016).  To overcome 

these problems, innovation in urban stormwater management has become a vital issue for urban 

planning, design, and management (Salinas Rodriguez et al. 2014; Zhou 2014).  Till the last 20th century, 

stormwater runoff was considered as a waste product for quick disposal to the receiving water bodies 

(ed. Argue 2013; Barbosa et al. 2012).  So, the conventional drainage system was designed to collect 

and dispose of stormwater runoff as quickly as possible from urban areas to nearby receiving water 

bodies to avoid flooding (Chocat et al. 2007; Larsen and Gujer 1997; Stahre 2006; Zhou 2014).  In this 

approach to stormwater drainage, runoff first comes from impervious areas—such as roofs and other 



 

 

paved areas—to the road and then flows to nearby receiving water bodies (Niemczynowicz 1999; Roy 

et al. 2008; Walsh et al. 2016).  There is no consideration to save stormwater as a resource because the 

objective is to remove runoff within a very short time (Booth and Charlesworth 2014; Hartshorn 2016). 

Hence, a more sustainable approach to save stormwater as a resource has become an important 

consideration in urban areas (Shafique et al. 2018; Yang et al. 2013).  Consequently, ‘source control’ 

was introduced in Western Australia in the 1990s and termed WSUD (Whelans et al.1994; ed. Argue 

2013; Fletcher et al. 2015).  Source control is based on the philosophy of controlling stormwater where 

it originates and is generally known as a form of WSUD in Australia.  By adopting source control 

techniques, storm runoff from urban areas may be appropriately managed and further development 

enabled without stressing current stormwater infrastructure (ed. Argue 2013).  The main aim of WSUD 

is to minimise the effect of urbanisation on the natural water cycle and manage the quantity and quality 

of stormwater runoff before it reaches receiving waters (Jakabfi 2016; Hartshorn 2016).  WSUD is an 

alternate approach for stormwater management that can help to reduce the size (pipe size/physical 

layout) of a conventional stormwater system, attenuate peak flows, reduce impervious surfaces and 

increase the reuse of stormwater (Burns et al. 2012; Jakabfi 2016).  Hybrid drainage system refers to 

the developed catchment with a combination of the conventional drainage system and WSUD elements, 

where stormwater comes from the roof of each allotment, and is managed by WSUD or reuse systems.  

The runoff that comes from roads and other pervious areas of total study area, excluding the roof area 

of each allotment, are managed by the conventional part of the hybrid system.  As a result, stormwater 

management through WSUD helps to develop a hydrological condition that brings multiple benefits 

and achieve sustainable urban stormwater management (Hartshorn 2016). 

A series of storms can occur within a period before the WSUD device has emptied.  Therefore a 

continuous simulation is required to assess the performance of WSUD technologies.  Continuous 

simulation refers to a computer model of the physical system that continuously tracks system responses 

according to a set of equations, typically differential equations (Beck et al. 2017).  Developments of 

systems for continuous simulation of streamflow are traced from manual systems used in the middle of 

the 20th century to present-day computer-based systems (Boughton and Droop 2002).  There are some 

simulation models available, in which the Stormwater Management Model (SWMM) is one of the most 

widely used for urban stormwater management applications (Beck et al. 2017). 

SWMM 

The United States Environmental Protection Agency (USEPA 1999) developed SWMM and it was 

upgraded sevral times to support local, state and national stormwater management objectives to reduce 

runoff through infiltration and retention.  SWMM is widely used throughout the world for planning, 

analysis, and design related to stormwater runoff, combined and sanitary sewers, and other drainage 

systems (Rossman 2015).  SWMM is a dynamic rainfall-runoff model that simulates runoff quantity 

and quality from drainage systems in urban areas and can be used for single event or long-term 

simulation of runoff quantity and quality from primarily urban areas (Kim et al. 2014; Peng and Stovin 

2017; Girona´s et al. 2010).  

SWMM provides an integrated environment for editing input data, running hydrologic, hydraulic and 

water quality simulations, and viewing the results in a variety of formats.  These include color-coded 

drainage area and conveyance system maps, time series graphs and tables, profile plots, and statistical 

frequency analyses.  The components and processes involved in SWMM are presented in Figure 1. 

The runoff component of SWMM operates on a collection of sub-catchment areas that receive 

precipitation and generate runoff (Li et al. 2016).  Each sub-catchment consists of three sub-areas, 

impervious areas with and without depression storage, and pervious (unpaved) areas with depression 

storage.  In SWMM, sub-catchments are represented mathematically as spatially lumped, nonlinear 

reservoirs and their outflows are routed via the channel/pipe (Sun et al. 2014; Borah et al. 2019).  

Overland flow is generated from each of the three subareas by approximating them as nonlinear 

reservoirs.  This nonlinear reservoir is established by combining the continuity equation with Manning's 

equation.  Infiltration from pervious areas can be computed by either Horton or Green-Ampt equation 

(Rossman 2015).  Flow routing in channel/pipes is also performed through a nonlinear reservoir by 

combining the continuity equation with Manning’s equation.  



 

 

 

Figure 1. Processes considered in the SWMM (Source: Rossman 2015). 

Several studies have been reviewed here where the authors used the SWMM model.  Xu et al. (2019) 

studied the characteristics of surface runoff and the infiltration properties of urban green land in 

Shanghai under eight types of rainfall events using SWMM and found that the rainfall intensity and 

rainfall pattern were the major factors that influenced the interception and infiltration of rainwater.  

Krebs et al. (2012) simulated low impact development (LID) scenarios for a large-scale urban 

catchment through up-scaling of high-resolution study catchments using SWMM in Southern Finland. 

Aim of the paper 

Laurenson et al. (2013) and Broadbent et al. (2018) listed the major WSUD technologies used in 

Australia including infiltration systems, bio-retention basins, vegetated and bio-filtration swales, sand 

filters, permeable and porous pavements, constructed wetlands, ponds, vegetated filter strips, and 

rainwater tanks.  Rashetnia et al. (2018) critically reviewed the limitations in the implementation of 

WSUD in existing catchments and recommended potentially suitable WSUD technologies in selected 

development types.  Based on that review, the three infiltration systems (leaky well, soakaway and 

infiltration system) and rainwater tanks at several single residential developments in a newly developing 

suburb were selected as the focus of this paper.  The detail of these four WSUD systems were described 

in Akhter et al. (2018). 

The main aim of this paper is to test and describe how these four WSUD technologies perform with 

continuous simulation modeling in SWMM for the modern 56‐lot residential development at Pipers 

Crest in South Australia.  Three specific objectives are to: 

 Develop a continuous simulation model to reflect the implementation of the catchment with WSUD 

technologies.  

 Compare the resulting output of source control principles with continuous simulation model. 

 Performance check of WSUD systems through continuous simulation modeling. 

STUDY AREA 

Strathalbyn (35°14′55.4″S, 138°53′19″E, 72.2 m) is situated in a developing region on the fringe of 

Adelaide, South Australia.  A residential subdivision in Strathalbyn, known as Pipers Crest, was 

selected as the case study site for this research (Figure 2).  The site was located 60 km southeast of the 

State’s capital, Adelaide, and situated on the banks of the Angas River (PIPERS CREST, 2018).  The 

Pipers Crest case study area is 6.71 ha and includes 56 allotments constructed between 2015–19.  The 

allotment area varied from 491 m2 to 2787 m2 with a mean allotment size of 917 m2. 

https://www.researchgate.net/figure/Processes-considered-in-the-SWMM-model_fig2_312853220


 

 

The conventional stormwater drainage network for collecting stormwater from Pipers Crest 

development and draining it to the nearby Angas River was originally planned by the engineering and 

infrastructure consultancy company, Aurecon Australasia Pty Ltd.  The existing network is described as 

‘conventional stormwater drainage system’ throughout this paper and contrasts with the ‘hybrid 

stormwater drainage       system’ developed in this research.  Details of the pipe-pits network and detention 

basin were collected from Aurecon Australasia Pty Ltd.  The other essential information, including 

contour map and soil data, were gathered from the South Australian Government and local government 

databases.  The road and drainage system network and the layout of the Pipers Crest allotments are 

shown in Figure 2. 

 

 

 

 

Figure 2. Location of the site indicating (a) South Australia on a national map (b) South 

Australia containing Strathalbyn, and (c) the Pipers Crest subdivision. 

METHODOLOGY 

Three infiltration systems—leaky well, soakaway and infiltration trenches including rainwater tank 

were hydrologically designed using source control principles (ed. Argue 2017) for 10% and 5% AEP 

(Annual exceedance probability) storm events under three soil types (sandy clay, Kh = 3*10-5 m/s, high–

medium clay, Kh = 5.5*10-6 m/s, and low–medium clay, Kh = 1.0*10-6 m/s) in the Pipers Crest 

catchment (Akhter et al. 2018).  Then the design and performance of a conventional drainage 

system (without WSUD) consisting of a network of pits and pipes, was compared with  that of a hybrid 

drainage system (with WSUD) comprising a network of pits and pipes, supported by allotment scale 

infiltration measures (Akhter et al. 2020). 

The performance of WSUD technologies, which have been designed using an event-based approach, 

Illii needs to be verified by applying continuous simulation modeling.  Hence, a continuous simulation 

Pipers Crest 

South Australia 

(a) 

(b) 

(c) 



 

 

model system using SWMM is conducted to reflect the implementation of the catchment with WSUD 

technologies.  

This paper follows the following step by step methodology. 

 Step 1: Data collection 

 Step 2: SWMM set up 

 Step 3: Performance evaluation of WSUD technologies using SWMM. 

Detail of each step are described in the following few sections. 

Data collection 

Rainfall data from 1977–2008 were collected from the nearest BOM station at Langhorne Creek (ID 

024515), which is 0.8 km from Pipers Crest.  There were some errors and some missing data which 

were replaced by the data from other nearby stations—Strathalbyn Racecourse (024580, 2.4 km away) 

and Strathalbyn SA (023747, 0.4 km away).  Although 023747 is closer than Langhorne Creek, the 

record is shorter. 

SWMM set up 

The drainage network of the Pipers Crest catchment uses the same layout collected from Aurecon.  The 

step-by-step SWMM model setup of creating the objects and setting the various properties (hydrology 

and hydraulics) of these objects are discussed as follows. 

 A new project was set up to enter input parameters in SWMM. 

 The principal input properties of rain gauges were entered. 

 The input parameters for infiltration systems and rainwater tanks were entered.  The parameters are 

shown in Table 1. 

 The properties of sub-catchments, junctions, conduits, the detention basin, and the outfall node 

were entered. 

Table 1. The input parameters used for WSUD systems. 

WSUD technologies Berm height (mm) Surface roughness (s/[m1/3]) Seepage rate (mm/hr) 

Infiltration systems 1 0.01 108 

Rainwater tank 0 0.1 4.17 

Performance evaluation of WSUD technologies using SWMM  

SWMM has been adopted to do continuous simulation modeling of the study area.  However, it was not 

possible to calibrate due to a lack of observed data.  Hence, it was decided to compare the SWMM 

modeling output with the source control principles output (Akhter et al. 2018).  The following tasks 

were followed to check the performance of WSUD technologies. 

 Performance of the system output resulting from the event-based SWMM modeling is compared 

against that of the source control principles output for design storms at 10% and 5% AEPs. 

 Performance of the event-based design of WSUD systems were verified through continuous 

simulation modeling by SWMM. 

SWMM modeling was performed using a continuous rainfall record at a 6-min interval for 32 years.  

There were two simulation scenarios: (1) conventional ‘as built’ and (2) a hybrid system with WSUD.  

In the hybrid case, the most appropriate WSUD technologies are applied in conjunction with a 

conventional pipe drainage system (Akhter et al. 2018).  In order to compare peak flow and runoff 

volume of the conventional and hybrid system, runoff series resulting from continuous simulation of 

the two systems is analysed using partial series analyses.  In the partial series analyses, all the peaks 

over a selected threshold are extracted.  Then a non-parametric approach was adopted, and the extracted 

peaks were organised in descending order.  The plotting positions of the ranked data in descending 

order are estimated using Cunnane’s (1978) plotting position formula (Equation 1).  



 

 

Plotting position, ARI (years) =
n+0.2

r−0.4
 (1) 

Here,  

ARI = Average recurrence interval,  

n = the total number of data points, and  

r = the rank of the data point in the data series sorted in descending order.  

Then AEP (%) has been calculated using Equation 2. 

AEP(%) =
EXP(

1

ARI
)−1

EXP(
1

ARI
)

 (2) 

RESULTS AND DISCUSSIONS 

The outcome of the analyses has been presented in the following sections. 

Comparison of predicted event-based roof runoff volume by SWMM model and source control 

principles 

The design roof runoff (managed by WSUD systems) volumes of each of the 56 Pipers Crest allotments, 

estimated by the event-based SWMM model, were compared with the outcomes from the source control 

principle.  The box plots shown in Figure 3 compare the distribution of the estimated flow volumes of 

the 56 allotments by the two methods. 

  

Figure 3. Comparison of predicted event-based runoff volume by SWMM and source control 

principle at (a) 10% AEP, and (b) 5% AEP events. 

The box plot values (Figure 3) illustrate that event-based design runoff volumes of each allotment 

applying SWMM don’t differ from than source control principle.  The difference of minimum, 25th 

percentile, 50th percentile/median, 75th percentile, maximum and mean values of two models is less than 

1% for both 10% and 5% AEP events.  The results reflect that the design of WSUD using SWMM is 

not too different from that of the source control method.  So, SWMM is adopted to proceed with 

continuous simulation modeling with the research.  Allotment-wise design roof runoff volume using 

source  control principles and SWMM modeling is shown in Table A of Appendix A. 

Therefore, SWMM is adopted to proceed with continuous simulation modeling with the research.  Now 

the next step is to investigate how the runoff volumes resulting from storm management systems 

(conventional and hybrid) with and without WSUD technologies differ. 

Continuous simulation modeling in SWMM 

The model output in conventional and  hybrid systems for sandy clay, high–medium clay, and low–

medium clay soil types are described in the  following sections. 

Partial series analyses for sandy clay, high–medium, and low–medium clay soil 

In conventional and hybrid drainage systems, the SWMM model output illustrates flow distribution in 

the long-term period at the end outlet that enters the detention basin.  For the conventional drainage 

system and sandy clay as hybrid system 1, the top 88 peaks were selected above a certain threshold value 

(a) (b) 



 

 

(0.1 and 0 m3/s) value, whereas, the top 80 and 73 peaks were selected       above a certain threshold value 

(0 m3/s) for high–medium clay as hybrid system 2 and low–medium clay as hybrid system 3 respectively.  

Those data were then organised in descending order and assigned a rank of 1 for the highest, down to 

the lowest peak of the extracted series for a partial series analysis.  The plotting positions were 

calculated using Cunnane (1978) formula (Equation 1) mentioned in methodology.  Then the plotting 

position, ARI (year) was converted to AEP (%) using Equation 2.  The extracted flood peaks for both 

drainage systems for sandy clay, high–medium, and low–medium clay soil conditions were plotted 

against the corresponding plotting positions (AEP) and shown in Figure 4. 

 

Figure 4. The estimated flow quantiles from conventional and in sandy clay as hybrid 1, in the 

high medium as hybrid 2, and in low–medium clay as hybrid system 3. 

The relationships between peak flow and AEP for the conventional and hybrid drainage systems can be 

expressed using the following four trend lines. 

Conventional system: 𝑄𝐴𝐸𝑃 = −0.255 ln(𝐴𝐸𝑃) + 1.2419 (3) 

Hybrid system:  

Sandy clay as Hybrid 1: 𝑄𝐴𝐸𝑃 = −0.2781𝑙𝑛(𝐴𝐸𝑃) + 1.228 (4) 

High–medium clay as Hybrid 2: 𝑄𝐴𝐸𝑃 = −0.2631 ln(𝐴𝐸𝑃) + 1.1335 (5) 

Low–medium clay as Hybrid 3: 𝑄𝐴𝐸𝑃 = −0.22 ln(𝐴𝐸𝑃) + 0.9448 (6) 

Here, QAEP = Estimated flow quantiles 

The estimated flood quantiles at AEPs 50, 10, 20, 5, 2, and 1% resulting from conventional and hybrid 

systems are summarised in Table 2. 

  



 

 

Table 2. Comparison of flood quantiles at different events in hybrid system with respect to 

conventional system. 

AEP 

(%) 

ARI 

(years) 

Flood quantiles (m3/s) % reduction in peak flow due to 

WSUD elements 
Conventional 

system 

Hybrid system 

Sandy 

clay soil 

High–

medium 

clay soil 

Low–

medium 

clay soil 

Sandy 

clay soil 

High–

medium 

clay soil 

Low–

medium 

clay soil 

50 1.44 0.244 0.140 0.105 0.084 43 57 66 

20 4.48 0.478 0.395 0.346 0.286 17 28 40 

10 9.49 0.655 0.588 0.528 0.438 10 19 33 

5 20 0.831 0.781 0.710 0.591 6 15 29 

2 50 1.065 1.035 0.951 0.792 3 11 26 

1 100 1.242 1.228 1.134 0.945 1 9 24 

Considering the results of partial series analyses, Table 2 shows that the magnitude of the flood quantile 

resulting from a hybrid system at a given AEP is smaller than that of the corresponding conventional 

system.  More importantly, the percentage reduction in a flood quantile by a hybrid system increases 

when the permeability of the soil decreases.  The greatest reduction is observed in low–medium clay 

soil where rainwater tanks were the only suitable WSUD option.  It was also observed that high 

frequency events are better managed by implanting hybrid systems than are lower frequency events. 

Comparative analyses of SWMM output from the conventional and hybrid drainage systems  

When the hybrid system was modeled by using SWMM, the essential elements of the selected WSUD 

technologies were also given as inputs for each sub-catchment.  The organised descending order daily 

flow data series derived by running the SWMM model of conventional and hybrid systems for sandy 

clay, high–medium, and low–medium clay soil conditions were analysed here.  Comparison of the top 

10 peak flows from the conventional and hybrid systems in sandy, high–medium, and low–medium clay 

soils is shown in Table 3. 

Table 3. Comparison of the highest 10 peak flows of the predicted flow series in hybrid systems 

with respect to the corresponding conventional system.   

Rank AEP 

(%) 

ARI 

(years) 

Flood quantiles (m3/s) % reduction in peak flow 

due to WSUD elements 
Conventional 

system 

Hybrid system 

Sandy 

clay 

soil 

High–

medium 

clay soil 

Low–

medium 

clay soil 

Sandy 

clay 

soil 

High–

medium 

clay soil 

Low–

medium 

clay soil 

1 33 3 1.318 1.288 1.298 1.068 2 2 19 

2 16.5 6 0.951 0.895 0.853 0.661 6 10 30 

3 11 9 0.566 0.481 0.462 0.356 15 18 37 

4 8.25 11 0.561 0.469 0.393 0.352 16 30 37 

5 6.6 14 0.53 0.433 0.381 0.33 18 28 38 

6 5.5 17 0.461 0.412 0.361 0.306 11 22 34 

7 4.71 19 0.457 0.402 0.357 0.304 12 22 33 

8 4.13 22 0.423 0.399 0.325 0.297 6 23 30 

9 3.67 24 0.42 0.313 0.297 0.235 25 29 44 

10 3.3 26 0.413 0.299 0.292 0.218 28 29 47 

From Table 3, the peak flow rate of each selected event resulting from the hybrid system in sandy, high–

medium and low–medium clay soil conditions is smaller than that of the corresponding conventional 

system.  This indicates that the WSUD systems implemented have helped reduce the flood      peaks. The % 

reduction in peak flow due to the WSUD elements is shown in last three columns of Table 3 for the 



 

 

three soil types.  For low–medium clay soil, as hybrid system 3 shows that the % reduction in peak flow 

is higher than those from sandy and high–medium clay soil conditions because  the cheapest system, a 

bigger rainwater tank, is the only option that holds more water and reduces the flood peaks.  For a 

hybrid system, the flood quantiles decrease—less to more—from a medium rainfall        event (event 1: 3% 

AEP) to a small rainfall event (event 7: 19% AEP). 

When a big event comes then a WSUD system absorbs less rainfall and more runoff flows to the 

catchment outlet which results in less reduction in peak flow compared to a conventional system.  

However, if a small event occurs, then more rainfall passes through a WSUD system and less runoff 

occurs which gives a greater reduction in flow magnitude at the flood quantile.  So, a small rainfall 

event reduces the flood peaks, which decreases the possibility of flood due to the implementation of 

WSUD elements.  It also shows that high frequency events are better managed by implanting hybrid 

systems than lower frequency events. 

The impact of flood peak to the equivalent ARIs 

The equivalent AEPs and ARIs can be calculated for the resulting flood when WSUD systems are 

implemented.  Two flood magnitudes of 0.25 m3/s and 0.5 m3/s are taken as an example to calculate 

equivalent AEPs and ARIs using the following equation for the four systems. 

𝐴𝐸𝑃(%) = 𝐸𝑋𝑃[
𝑄−𝑏

𝑎
] (7) 

Here, a is the gradient and b is the intercept that comes from equation (3) to (6) for four systems.  The 

impact of the peak flows to equivalent AEPs and ARIs is shown in Figure 5. 

 

Figure 5. The impact of peak flows to equivalent AEPs and ARIs for the four systems. 

From an equivalent AEP calculation for peak flows of 0.25 and 0.5 m3/s, it can be observed that ARIs 

increase by almost 4 and 14 years respectively when a conventional system is improved by 

implementing rainwater tanks as the WSUD system in low–medium clay soil.  Although infiltration 

systems are not as effective as rainwater tanks, they also increase the ARI to the levels shown in this 

above figure. 

CONCLUSIONS 

This paper assesses the performance of event-based hydrological designs of WSUD technologies using 

continuous simulation modeling in SWMM.  Two scenarios were modelled: 1) a conventional drainage 

system (without WSUD) and 2) a hybrid system (with WSUD).  Peak flow was compared among three 

soil types:, sandy clay, high–medium clay and low–medium clay.  Partial series analyses of the results 

showed that for a given flow, AEP decreased with the incorporation of WSUD and the effect depending 

soil type.  The greatest effect was for low-medium clay, then high-median clay with the least effect 

occurring with the sandy clay soil type.  It was also observed that high frequency events are better 



 

 

managed by implanting hybrid systems than are lower frequency events.  Finally, the results and 

analyses of this paper indicates that the event-based hydrologic designs of WSUD technologies perform 

successfully under continuous simulation modeling. 
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APPENDIX A 

Table A: Allotment-wise design runoff volume using source control principle and SWMM 

model  

Allotment No. Design runoff volume (m3) 

10% AEP 5% AEP 

Source control principle SWMM  Source control principle SWMM  

95 9.40 9.55 11.85 11.56 

96 7.00 6.98 8.82 8.48 

97 7.57 7.59 9.53 9.21 

98 5.03 4.88 6.34 5.95 

99 6.95 6.94 8.76 8.42 

100 4.90 4.74 6.17 5.79 

101 7.04 7.03 8.87 8.53 

102 5.45 5.32 6.86 6.49 

103 6.12 6.05 7.71 7.36 

104 6.69 6.66 8.43 8.08 

105 5.29 5.16 6.67 6.29 

106 8.31 8.39 10.47 10.16 

107 6.52 6.47 8.21 7.86 

108 7.41 7.43 9.34 9.01 

109 5.53 5.42 6.97 6.60 

110 6.19 6.12 7.80 7.44 

111 8.20 8.27 10.33 10.02 

112 5.49 5.37 6.92 6.54 

113 4.99 4.83 6.28 5.90 

114 5.86 5.77 7.38 7.02 

115 5.62 5.51 7.08 6.71 

116 6.10 6.02 7.69 7.33 

117 5.36 5.23 6.75 6.37 

118 5.38 5.25 6.78 6.40 

119 8.03 8.08 10.11 9.79 

120 6.50 6.45 8.18 7.83 

121 4.33 4.13 5.45 5.06 

122 6.47 6.42 8.15 7.80 

123 5.05 4.90 6.36 5.98 

124 6.52 6.47 8.21 7.86 

125 6.36 6.37 8.02 7.73 

126 5.60 5.49 7.05 6.68 

127 6.74 6.77 8.49 8.21 

128 8.64 8.74 10.88 10.58 

129 4.51 4.32 5.68 5.28 

130 6.80 6.77 8.57 8.23 

131 4.96 4.81 6.25 5.87 

132 6.89 6.87 8.68 8.34 

133 6.67 6.63 8.40 8.06 

134 5.97 5.88 7.52 7.16 

135 10.87 11.12 13.69 13.44 

136 5.73 5.63 7.22 6.85 

137 5.69 5.58 7.16 6.80 

138 7.87 7.92 9.92 9.60 

139 6.06 5.98 7.63 7.27 

140 18.06 18.81 22.76 22.66 

141 5.47 5.35 6.89 6.51 

142 5.73 5.63 7.22 6.85 

143 7.65 7.68 9.64 9.32 

144 9.23 9.37 11.63 11.34 

145 8.07 8.13 10.17 9.85 

146 16.62 17.27 20.94 20.81 

147 9.71 9.88 12.23 11.95 

148 6.71 6.68 8.46 8.11 

149 7.94 7.99 10.00 9.68 

503 2.84 2.54 3.58 3.15 
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