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Abstract

Due to lack of proper stormwater drainage in the Waymouth Hills, stormwater runoff have often caused
undermining of the road infrastructure and disrupting traffic flow in the study area. Sediments are often deposited
to the low-lying terrain from the runoff and this reduces the storm drains capacity downstream resulting the area
prone to flooding. Future urban expansion of the Waymouth Hills and the effects of climate change are predicted
to further increase this problem through increased urban stormwater runoff.

This report aims to analyze a sustainable stormwater solution through a multi-criteria analysis (MCA) for the
urban development in the Waymouth Hills. This was done by establishing a set of criteria relevant to the research
together with the desired outcome and guidelines established by the Client; Ministry of Public Housing, Spatial
Planning, Environment and Infrastructure of Sint Maarten. Furthermore, a sensitivity analysis was carried
out to evaluate the MCA results.

Manual calculation together with hydrodynamic modeling simulation (done through the Autodesk Storm and
Sanitary Analysis) were carried out to analyze the stormwater runoff effect in the present storm drain
infrastructure and the newly designed storm drains for the future urban development. These analyses include the
use of both stationary and dynamic rainfall for a 10-year storm event. Furthermore, preventative measures for
potential flooding were assessed through the use of a detention pond.

A technical requirement report was drawn for the realization of the storm drains and the overall infrastructure
upgrade for the future urban development for the Waymouth Hills. Lastly, recommendations were given for the
measures that can be undertaken to improve for future relative projects.
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Design Feasible Storm Water Drainage for Urban Development of The Waymouth Hills

1. Introduction
1.1. Background

St Maarten is an island situated in the North Eastern Caribbean Sea and it is shared between the French Republic
and the Kingdom of the Netherlands. The Dutch side of the island is called St. Maarten and encompasses an area
of approximately 3380 hectares bounded by the French side of the island (St. Martin) on the North and the
Caribbean Sea on the South. In the 1950s the island’s main sources of income were farming and the exploitation

of salt flats but today tourism had taken over as the main source of income for the population (de SEZE, 2014).

The rapid development of St. Maarten over the past 10 years has
led to both residential and commercial development. The total
population has grown from 13,156 in 1980 to nearly 41,000 in year
2000 (Ediriweera , 2007). To sustain this rapid economic
development in St Maarten there is an increasing demand for more
infrastructural upgrade and affordable housing. Hence, the
government is presently in the process of a major road
enhancement project, which includes the construction of new
roads, the repaving of existing roads and the implementation of
roundabouts in the Dutch Cul de Sac area. This project is proposed
to alleviate the traffic problem in the Dutch Cul de Sac area and
enhance the ability for more affordable residential developments
in the area.

Moreover, in St. Maarten, residents, homes, business and public
infrastructure from time to time are under the threat of flooding

L

Figure 1: Location map of Sint Maarten (Gaba, 2010).

due to heavy rainfall. With the frequent presence of hurricanes, tropical storms, and an increase in the frequency

of high-intensity storms due to climate change, flooding has become a growing and serious problem for the
island territory of St Maarten. Apart from the natural causes, new developments will result in a greater influence

on the island’s existing flooding problem because the infrastructure has not kept pace with this continuous

development and growth of St Maarten.
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1.2. Study area

The studied area for this research is the Waymouth Hills situated on the North-East in the region of Dutch Cul
de Sac on the Dutch side of the island Territory St Maarten. The Waymouth Hills encompasses an area
approximately of 17 hectares partially developed with residential houses. Based on the report “St Maarten Storm
Water Modelling study” (2006), it is estimated that 0-10 percent of the area is currently developed. Moreover,
in the same study it is estimated that there will be an increase of 100 percent development in the area if the
maximum development capability is utilized to a range of 10-20 percent for the future urbanization. The Dutch
Cul de Sac is spread out over flatlands and steep slopes, with the Waymouth Hills having an elevation difference
of 250 meters.

The main accessibility of the Waymouth Hills is by the Mildrum road which is joined by five subsidiary roads
(Paradise Hill road, the Quil Road, Brimstone Hill Road, Mount Pele Hill Road, and Mount Souffriere Road).
These roads are either unpaved or partially paved and are severely damaged by erosion of storm water runoff
(Maarten, 2016). The result of this outcome is primarily due to the non-existence of any drainage structures in
the Waymouth Hills where storm water runoff is solely confined to and conveyed by these roads (Figure 2). The
converged flow from these roads courses flow downhill and enter into the main stream situated in the lower
lying area of the Dutch Cul de Sac. The main stream is channelized to convey all captured storm water from the
Waymouth Hills and all other areas along the L.B Scott road and stretches through the Coralita Road then lastly
discharged the storm water into the receiving water body “the Fresh pond” (Figure 3).

— M R
Paradise Wil Re

The Quil Wil Rd
Brimxions M Re
Naount Pale Hil Rd
Nount Souffriare Rd

I: EXAMPLE OF ERODED ROAD OF MIDRIUMRD  II: UNPAVED ROAD OF BRIMSTONE ROAD

Figure 2: The Waymouth Hills existing road network (above) and the condition of
the existing road (bottom).
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1.3.Problem statement

The expansion of urban areas causes the change of landscape from natural landforms and vegetative covers
towards unnatural and impervious areas. The change of landscape also leads to changes of the hydraulic systems
within the basin. Regarding storm water, this has two major effects: on one hand, on the storm water runoff
quantity, on the other hand, on storm water runoff quality (ZILLER, 2010). With urbanization the sealed surface
area increases alongside the increase in impervious surfaces, which results in increased hydraulic efficiency in
urban catchments (Putnam, 1972) and can cause substantially decreased capacity for a given landscape or region
to infiltrate precipitation, with a concomitant increase in the production of runoff (Booth D. , 2000) and surface
runoff velocities (Figure 4).

NATURAL GROUND COVER LOW DENSITY RESIDENTIAL
0% IMPERVIOUS SURFACE 10%-20% INPERYIOUS SURFACE

URBAN RESIDENTIAL COMMERCIAL/INDUSTRIAL
35%-50% IMPERVIOUS SURFACE 75%-100% IMPERVIOUS SURFACE

Figure 4: Changes in hydrology and runoff due to urbanization (Juneau Watershed Partnership, 2018).

The rapid development in St Maarten over that last decade resulted in the increased demand for more
infrastructure and affordable housing developments. During storm events there are frequently many temporary
disruptions to the overall transportation systems within the low-lying areas of the Dutch Cul de Sac. Moreover,
during heavy storm events, large quantities of surface runoff is produced with high velocity due to the steep
terrain, thereby causing erosion. This erosion results in the transport of silt and debris which then clogs the main
channel in the flat terrains and generates flash urban flooding causing damage to the adjoining roads, properties
and public areas.

As development in the Dutch Cul de Sac region continues, the increase in the volume of the surface run-off
overwhelms the drainage system. The pressure on the drainage system with run-off water going beyond its
capacity will be more frequent with increased urbanization. Combine these factors with the gradient of the
landscape, the larger storms, and the fact that the storm water runoff from the entire area of the Dutch Cul de
Sac is converged and conveyed by the Dutch Cul de Sac stream (main stream) (Figure 3), it is conceivable that
this leads to increases in the frequency of flooding.

With the existing condition of the current infrastructure in the Waymouth hills, not only can the road not convey
the storm water, but it also degrades and deteriorates the road rapidly during any storm events. Consequently,
not only does this inhibit the area from further growth prospect, but it also impacts the flooding problem in the
Dutch Cul de Sac.
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In order to address these problems, the current state of the storm drainage network in the Dutch Cul Sac must
keep pace with continuing development and future storm events; ultimately, this can be done at micro- instead
of macro-level. The focus of this research is to ameliorate the roads and storm water drainage in the Waymouth
Hills.

1.4. Research objective

The objective of this research is to analyse the changes in the catchment hydrology for future urbanization in the
Waymouth Hills and design a feasible storm water drainage system to prevent the occurrence of uncontrolled
flooding in the area and mitigate the existing flooding problem in the flood prone area within the Dutch Cul de
Sac.

1.5. Research questions

To reflect the above stated problems and research objective, the main research question was formulated
as:

What is the most optimal stormwater drainage solutions for the Waymouth Hills that can cope with the
urban development and future climate change?

To answer the main question defined for this research, it was important to break down the question into
sub-questions that can serve as step-by-step guide to achieve the objective. The following sub-questions
can be posed:

1.  What is the current situation in the area?
a. What is the current drainage system used for stormwater runoff?
b. What is the effect of this runoff in the current drainage?
What is the program of requirements for the future stormwater drainage design?
3. How is it possible to determine the stormwater drainage solutions and use them for urban development?
a.  Which are the different stormwater drainage alternatives can be used?
b.  Which criteria will be used for the comparison of the alternatives?
c. How will these criteria be evaluated?
4. How will the future urban development affect the stormwater drainage design?
a. To what extent of the area will be urbanized?
b. What is the hydrologic effect of this urbanization o the future storm water drainage?
c. What is the stormwater runoff impact between stationary and dynamic rainfall have in the
stormwater drainage?
5. How can the project area be best utilized to accommodate climate change and can mitigate the
occurrence of flooding in flood prone area?
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2. Theoretical Framework

In this chapter, a wide overview of the necessities of the project is looked into. Here, the theory behind the work
that is required for this project is explained in order to give useful context to both the following chapters of
Methodology and Results.

When looking at the situation on the Waymouth Hills and its interconnected pathway to further downstream
systems, it becomes immediately apparent that as urbanization expansion occurs, the downstream systems also
need to be updated and expanded. The expansion of the downstream systems is outside the scope of this project,
but efforts will therefore be made within this project to lower the effect of additional flood water reaching the
downstream systems.

When taking this all into consideration, it is therefore important to understand what the climate is like, since that
is representative for the way in which rainfall will affect this area. Furthermore, it is important to understand the
effect of urbanization on the increase in storm water runoff. Once this is understood, the next step is to look into
mitigation methods for storm water runoff. For this it’s possible to use the road itself, channels, gutters, ditches,
culverts, retention ponds, detention ponds, weirs, and orifices. All this will be discussed in the sub-chapters
below.

2.1. Climate characteristics

St Maarten is located 63.5 degrees West and 18.5 degrees North. The island has a tropical monsoon climate in
the classification scheme of kdppen (Curacao, 2015) which has a dry season dry season from January to April
and a rainy season from August to December. Based on records (1981-2010) of Princess Julianna airport the
driest month on record is March while the wettest is November. On average, there are about 142 rain days a year
with April having the least (8 days) and November the most (15days) (Meteorological Department St. Maarten,
2017). Furthermore, the island experiences tropical temperatures with very little variation in temperature
throughout the year with December to March being the cooler months at around 25°C on average, and April to
November being the warmer months on average with temperatures between 27°C and 29°C. The coldest
temperatures recorded are around 18°C; the hottest temperatures are around 33°C (MacRa, Nisbet , & Blok,
2009).

Jan Feb Mar Apr May Jun Jd Ag Sep COct Nov Dec
Month

Figure 5: Average Precipitation and Temperatures for Princess Juliana International Airport St Marten, 1971 —
2002 (MacRa, Nisbet , & Blok, 2009).

According to the Meteorological Department Curacao (2015), the mentioned climatic conditions can mainly be
attributed to the displacement of the Azores subtropical ridge during the year. This displacement of the ridges is
due to sea-level pressure (SLP) difference between the Azores high and the Icelandic low (Université catholique
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de Louvain, 2008) and is characterized by the North Atlantic Oscillation (NAO). The NAO's strength and sign
may be defined as the normalized sea-level pressure difference between the Azores and Iceland (Jones et al.,
1998). When the NAO index is high, the sea-level pressure difference is stronger than average while being
weaker than the mean when the NAO index is negative (Université catholique de Louvain, 2008). The correlation
of the winter NAO index and the winter SLP (averaged over December, January, and February) in the Azores
high and Iceland region is presented in Figure 6 below.

Iceland

Figure 6: The geographic location of St. Maarten (within the black square) is situated within the Azores
subtropical high enclosed with the correlation of the winter NAO index with the winter SLP (Université
catholique de Louvain, 2008).

During the northern hemisphere summer, the Azores subtropical high is located more to the south over the central
Atlantic and suppresses the formation of clouds that can produce rain. Showers are limited and of light intensity
during these months. As the northern autumn approaches, the Azores subtropical high retracts to a more northern
position, moving away from the island. Its influence on the atmosphere above the island diminishes and hence
making significant cloud formation and rain possible. These showers are moderate to heavy and can often be
accompanied by thunder (Curacao, 2015). The causes of such effect are governed by the circulation of wind and
the sea-level pressure in the atmosphere throughout the year (Figure 7). The changes of the NAO index (from
high to low or vice versa) reflecting the precipitation in the Caribbean during the annual seasons are presented

in Figure 8 below. The result of the precipitation shown in Figure 8 involving the seasonal and NAO index
changes can be correlated in Sint Maarten.

FLIITIITEITEIIE]
38835¥a53352833

10 m wind (m/s) 10 mwind (m/s)

T 0e TR TRV 000 1O TOTC TOTS 107D OIS TOME TR ()

Figure 7: (a) The long-term average wind characteristic and sea-level pressure during the summer period (June,
July, and August) and (b) the winter period (December, January, and February) (Kalnay et al., 1996).
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. (a) Precipitation; 1901-1947 . | R (b) Precipitation; 1948-1995 |
- NAO low - NAO low

. 180 - NAO high | E 150 — NAO high il
g 100 B s 100/ B
50 . = 50 -

*

o w - o N ov v g v .l v . 2 a e v v 4

JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND
Season Season

Figure 8: Three monthly seasonal rainfall totals in years with low and high preceding DJF NAO index values
during (a) 1901- 1947 and (b) 1948-1995 for the Caribbean. Shading indicates the seasons where the difference
in rainfall between the low and high NAO composite years is significant at the 90% level or above (George &
Saunde, 2001).

St. Maarten is located in the Atlantic hurricane zone (Figure 10) and on average one tropical storm or hurricane
passes at a distance of less than 200 km each year (MacRa, Nisbet , & Blok, 2009). Once every 4 or 5 years St.
Maarten is hit by a hurricane (see Table 1 below) (MacRa, Nisbet , & Blok, 2009) (Curacao, 2015). The hurricane
season runs from June 1st to November 30th, with a peaked season from August through October (Curacao,
2015).

Category
1

2
3
4
5

,
-
y

i

Figure 9: Hurricane segments of all storms in the Atlantic Ocean from 1851-2014. Colors are stacked from
category 1 through category 5 here to highlight the most intense activity (Livingston, 2015). The location of St.
Maarten (within the green square) is situated within the hurricane zone.
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Table 1: Hurricanes and tropical storms to affect St. Maarten since 1960.

DATE WIND SPEED (MPH) | CATEGORY | CPOA | NAME

5 Sep 1960 138 h4 13 DONNA
26 Aug 1966 92 hil 42 FAITH

17 Jul 1979 46 ts 5 CLAUDETTE
3 Sep 1979 58 ts 13 FREDERIC
4 Sep 1981 40 ts 20 FLOYD

6 Oct 1990 69 ts 50 KLAUS

5 Sep 1995 132 h4 24 Luis

8 Jul 1996 81 hl 11 BERTHA
21 Sep 1998 115 h3 50 GEORGES
21 Oct 1999 86 hl 16 JOSE

18 Nov 1999 144 h4 2 LENNY
22 Aug 2000 75 hl 5 DEBBY

10 Dec 2007 40 ts 17 OLGA

16 Oct 2008 132 h4 40 OMAR

30 Aug 2010 121 h3 30 EARL

Categories: ts= Tropical storm, h1=minimal, h2= moderate, h3= extensive, h4= extreme, h5=
catastrophic. CPOA= Closest Point of Approach (miles) (Caribbean Hurricane Network, 2011).

In recent years there have been several events that brought considerable damage to the island. In September
1995 St. Maarten was severely damaged by Luis, a category 4 hurricane. In 1996 Hurricane Bertha passed
by. In 1998 Hurricane Georges damaged many properties and in 1999, the island was hit by Hurricanes
Jose and Lenny causing mudslides, floods and considerable beach erosion (MacRa, Nisbet , & Blok, 2009).

Figure 10: (Top) the path taken by Hurricane Luis in 1995, and an image of Luis passing over St. Maarten in
1995. (Bottom) track of Hurricane Jose and an aerial photograph of Jose passing St. Maarten in 1999
(en.wikipedia.org, 2018).
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2.2. Expected local climate changes

In the report published by the Intergovernmental Panel on Climate Change (IPCC) in 2013/2014, four different
scenarios (RCP2.6, RCP4.5, RCP6, and RCPS8.5) are considered for the different rates and magnitudes of climate
change. These scenarios are projected by considering the different amount of possible greenhouse gas
concentration that are expected to be emitted in the years to come. The four RCP scenarios are named after a
possible range of radiative forcing values in the year 2100 relative to pre-industrial values (+2.6, +4.5, +6.0, and
+8.5 W/m2, respectively) (IPCC, 2009). The pre-industrial values determined the listing of the scenario with the
smallest value of +2.6 as the ‘best’ and the highest value of +8.5 as the ‘worst or most extreme’ scenario with
scenario RCP 4.5 considered the most realistic scenario (IPCC, 2013). Furthermore, RCP 4.5 scenario consists
of different models, including a minimum, average and maximum projections.

These scenarios were only projected to 2100, hence the short-term projections are until 2050 and the long-term
projections are from 2050 till 2100. Sometimes, the years 2035, 2065 and 2100 are used as an example in the
report. Therefore, the year 2035 can be considered short—term, whereas 2065 and 2100 can be considered long-
term.

In this following sub chapter, the projected results that are solely focused in the Caribbean can be used to
correlate to the local climate change in Sint Maarten.

2.2.1. Near surface air temperature
According to the IPCC fifth assessment report (ARS5), the annual near-surface air temperature in the Caribbean
region is projected to increase in every scenario (Figure 11). This rise of the annual near-surface temperature
prediction was further compared the changes between the summer period (June to August) and the winter period
(December to February). The rise of temperature during the summer period is slightly higher than the winter
period. But overall, there is not significant difference of the rise in temperature between the summer and winter
period for all the scenarios (refer to Figure 132 and 13 below).

Near-surface air temperature

Caribbean

2081-2100
mean

1900 1950 2000 2050 2100

W Historical W RCP2.6 RCPAS W RCP60 = RCP8S

Figure 11: Time series of all RCP scenarios for the annual near-surface air temperature prediction changes
relative to 19862005 for the Caribbean region (IPCC, 2013) .
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Temperature change Caribbean (land and sea) June-August Temperature change Caribbean (land and sea) December-February

T
RCP8.5
RCP6.0
RCP4.5 6
RCP2.6
historical

(°C)

2100 2081-2100 mean 1900 1950 2000 2050 2100 2081-2100 mean

1900 1950 2000 2050

Figure 13: Time series of temperature change during the
winter period relative to 1986—2005 for the Caribbean
(IPCC, 2013).

Figure 12: Time series of temperature change during the
summer period relative to 1986—2005 for the Caribbean
(IPCC, 2013).

For scenario RCP4.5 the short-term projection for near-surface air temperature will rise by a minimum of 0.3 °C
and of a maximum of 1.1 °C by the year 2035 compared with the mean of the period 1986-2005 (IPCC, 2013).
Furthermore, by 2065 the air temperature will rise by a minimum of 0.6 °C and by a maximum of 1.9 °C. Lastly,
by 2100 the temperature will rise by a minimum of 0.7 °C and a maximum of 2.4 °C (IPCC, 2013). The summary

of the rise in temperature for scenario RCP4.5 is presented in Table 1Table 2.

Table 2: Annual temperature predictions (scenario RCP4.5) for the Caribbean region compared to the mean of
1986-2005 (IPCC, 2013).

Anmual Temperature (“C)
Year Minimum | Average Maximum
2035 0.3 0.6 1.1
2065 0.6 1.1 1.9
2100 0.7 1.4 2.4

2.2.2. Precipitation

The Caribbean region is affected by several phenomena, this includes the annual cycle which results from air—
sea interactions over the Western Hemisphere warm pool in the tropical eastern north Pacific and the Intra
Americas Seas (Amador et al., 2006) (Wang et al., 2007). The Caribbean Low-Level Jet is a key element of the
region’s summer climate (Cook & Vizy, 2010) and is controlled by the size and intensity of the Western
Hemisphere warm pool (Wang, 2008). El Niflo—Southern Oscillation (ENSO) is the main driver of climate
variability, with El Nifio being associated with dry conditions and La Nifia with wet conditions (Karmalkar ,
2011).

According to the IPCC fifth assessment report (ARS5), the annual precipitation in the Caribbean region is
projected to decrease in every scenario (Figure 14). This reduction of the annual precipitation was further
compared to the changes between the period April to September and the period October to March. The reduction
in precipitation during the period April to September is slightly higher than the period during October to March
in all projected scenarios (Figure 15 and 16 below).
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Figure 14: Time series of annual change in precipitation relative to 19862005 for the Caribbean (IPCC, 2013).
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Figure 15: Time series of relative change relative to Figure 16: Time series of relative change relative to
1986-2005 in precipitation in April to September for 1986-2005 in precipitation in October to March for
the Caribbean (IPCC, 2013). the Caribbean (IPCC, 2013).

The projections from scenario RCP4.5 for both short-term and long- term between now and 2100 shows the
minimum precipitation expected to decrease relative to the 1986—2005 mean. This is also the case for the average
annual precipitation as well, but not as severe as the minimum precipitation projection. The projection for the
maximum annual precipitation for both short-term and long-term expected a huge increased relative to the 1986—
2005 mean. The described projection of the precipitation for both the short-term and long-term of scenario
RCP4.5 for the Caribbean is presented in Table 3.

Table 3: Annual precipitation projections (scenario RCP4.5) for the Caribbean region compared to the mean of
1986-2005 (IPCC, 2013).

Annual Precipitation (%)
Year Minimum | Average | Maximum
2035 -12 -3 8
2065 -19 -5 17
2100 -29 -5 14
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Pertaining to the long-term annual precipitation change for scenario RCP4.5 affecting the Caribbean region, the
degree of this result (referring to Table 3) reflecting the dry and wet period are presented in Figure 17. Moreover,
this seasonal change in precipitation can be related to and expected in the near future in Sint Maarten.

The overall projection in precipitation for Scenario RCP4.5 expects a reduction over much of the Caribbean
region, future drying may also be related to strengthening of the Caribbean Low-Level Jet (Taylor et al., 2012)
and subsidence over the Caribbean region associated with warmer sea-surface temperature (SSTs) (IPCC, 2013).

ENSO will continue to influence Caribbean climate, but changes in ENSO frequency or intensity remain
uncertain. Projected drier conditions may also be related to decreased frequency of tropical cyclone, though the
associated rainfall rate of these systems is higher in future projections (IPCC, 2013).
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Figure 17: Map of precipitation changes for the Caribbean in 2080-2099 with respect to 19862005 in June to
September (left) and December to March (right). Precipitation changes are normalized by the global annual mean
surface air temperature changes in scenario RCP4.5 (IPCC, 2013).

2.3. Urban environment and stormwater runoff

The primary agent responsible for hydrologic changes associated with the urbanization process, is the increased
proportional area under impervious surface (Shuster, Bonta, Thurston, & Warne, 2005) and the reduction in
catchment storages as waterways become channelled and piped (Laurenson, Codnernd, & Mein, 1985) (Schuele,
1987b). Such development typically results in a radical and widespread disruption of existing runoff process and
flow paths (Booth D. , 1990). As land is urbanized, it becomes covered by impervious surfaces such as paved
roads, parking lots and buildings, which prevent rainfall from infiltrating into the ground (Kang, Park, & Singh,
1998). The net effect of these changes is that a higher proportion of rainfall is translated into runoff, this runoff
occurs more quickly, and flood flows are therefore higher and ‘more flash’ than was the case in the catchment
before urbanization (Hollis, 1975).

The volume of runoff is governed primarily by infiltration characteristics and is related to land slope and soil
type as well as to the type of vegetative cover (Leopold, 1968). One factor stating the relation between the storm
and the runoff is lag time (Leopold, 1968). Lag time defined by (Yu, Rose, Ciesiolka, & Cakur , 2000) is the
time difference between peak runoff and the mass centre of rainfall. The lag time can validate the relationship
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between the hydrological lag time and runoff rate and use to quantify the storage effect on runoff rate. The larger
the lag time, the greater the attenuation of the runoff rate. Vegetative cover not only increases the amount of
infiltration but also reduces the flow velocity, lengthens the lag time, and increases the storage effect on runoff
rate (Yu, Rose, Ciesiolka, & Cakur , 2000).

The effects of storm water runoff caused by urbanization is illustrated in Figure 18 and can be summarised in
terms of changes in the characteristics of runoff hydrographs generated:

Urban Stormwater Hydrology
e increased peak discharges and runoff
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Figure 18: Effect of urbanization on storm water runoff
characteristic ( Delleur , 1982).

2.3.1. Effects of urbanization on streams

The direct effects on a stream due to urbanization include channel enlargement and flooding. A channel’s depth
and width can both be increased due to headwater urbanization (Booth D. , 1990). This occurs because of an
increase in runoff discharge and frequency, which requires a larger channel in which to be carried. Increase in
depth, also known as channel incision, is commonly caused by an “excess sediment-transporting capacity” in
relation to the amount of bed material transported from upstream (Simon & Rinaldi, 2006). This excess in
capacity is also due to the increased discharge during storm events because of urbanization. As erosion occurs
in some areas of a stream, sediment is carried until deposition occurs downstream.

2.4. Drainage methods & mitigation downstream flooding

As a consequence of the urban-induced runoff changes that cause flooding, erosion, and habitat damage,
engineered facilities can mitigate many of the hydrologic changes associated with development. As urbanization
causes an increased amount of surface runoff, it is important to have drainage facilities that can quickly convey
the water away from inhabited areas. This can be done using the roadway’s surface itself, drainages next to the
road way such as open channels or piped options, and culverts to divert the water collected to the downstream
water drainage system. Additionally, with the increased urbanization, there is an increased volume of runoff that
will be entering the downstream systems. As these systems are not enlarged alongside the urbanization, it is
important to mitigate potential downstream flooding. The most common approach has been to reduce flows and
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increase retention times through the use of storm water storage facilities. The two most utilized storage methods
are retention and detention ponds. Below, a few examples are shown alongside their function.

2.4.1. Road surface runoff

The first method of high volume drainage is the utilization of the roadway to either direct storm water flow to
larger drainages. Utilizing the cross-sectional slope of the roadway, water can be dispersed to its outer edge
where it can either be transferred to a larger catchment or allowed to run naturally over un-urbanized areas further
below (in the case of a hillside roadway such as Waymouth hill road). Another method is to utilize the road itself
as a conveyor of water along its transversal slope. This idea has been implemented for example in Denmark. In
order to withstand cloud burst events, they have come up with a management plan called that “Cloudburst
management plan 2012”. It details the use of roadways to act as temporary rivers in order to convey large
quantities of water to storage locations (Municipality of Copenhagen, 2012).

2.4.2. Side ditches

In the event that the road surface is not sufficient enough to act as a “river road” and water cannot be released
into the surrounding lands, then side ditches next to the road are required to convey the water to a suitable
location. Side ditches collect road water and lead it onward to outlet ditches, collection locations, or to further
downstream systems (RoadEx Network, 2017).

Figure 19: An example of a side ditch. In this case the side ditch is a triangular profile. (RoadEx Network, 2017).

There are various shapes of side ditches. Their cross-sectional shapes help their function depending on the terrain
they are put in. The various types are listed below:

1. Parabolic — This ditch is best in terms of long-term cost and efficiency. It has the same capacity as the
trapezoidal side drain (to be explained later) with less erosion. The sides are easily vegetated, further
reducing erosion. It is usually the most difficult one to build and it's expensive.

2. Trapezoidal — The flat bottom is easier to construct than the round bottom (parabolic ditch). Compared
to the triangular shape (to be explained next), the wider flat bottom slows water and reduces erosion. It
takes more time and it’s expensive to construct, but does not require as much maintenance and it has a
greater capacity.

3. Triangular — The v-shaped bottom ditch is the most easily constructed and requires the least roadside
area. Of the three types, it requires the most maintenance, has the lowest water-carrying capacity, and
is the most susceptible to erosion.
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An option other than side ditches is to use underground pipes with several openings to the road surface along its
length. Water would be allowed to pass through the grated openings, enter the pipe and be conveyed along the
length of the road profile. While having a large carrying capacity, the cost is high, and the cost of maintenance
is also high as the entire road must first be closed, then broken open, in order to repair or enlarge the system as
further urbanization may occur (DiBiaso, 2000).

2.4.3. Culvert
If two roads intersect, conveyed rainwater will need to pass under the roads in order to continue on their path to
the downstream systems. This task is normally carried out by culverts. A culvert is a pipe or box structure
generally used as a cross drain for ditch relief and to pass water under a road. The shape of a culvert is usually a
round pipe, but culverts can also be a pipe arch, structural arch or box. The shape depends on the site, the required
area, the discharge volumes of water, the required carrying capacity (if cars drive over), and the allowable height
of soil cover (RoadEx Network, 2017).

Pipe culverts are widely used culverts and are round in shape. In the event of choosing a single culvert, then a
larger diameter will need to be used. If the width of the channel is great and the surrounding land is relatively
low in relation to the bed of the channel, then multiple pipe culverts should be used.

Figure 20: An example of a multiple pipe culvert (The Constructor, 2017).

Pipe culverts are suitable for larger water flows but the flow should be stable. This is usually chosen for
aesthetical purposes.
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Figure 21: An example of a pipe arch culvert (The Constructor, 2017).

Box culverts are rectangular in shape and are generally constructed out of concrete. Reinforcement is also usually
required in the construction of a box culvert as they are normally used to go under roadways, therefore they must

be able to carry significant weight. Their main purpose is to dispose of rain water and are normally dry otherwise
(The Constructor, 2017).

Box culvert single Box culvert multiple

Figure 22: Example of a box culvert. To the right is a single box culvert and to the left is a multiple-box
culvert. (The Constructor, 2017).

2.4.4. Storm-water storage
As a consequence of the increased urban-induced runoff, more flooding, erosion and habitat damage have
occurred. With the use of engineered facilities, the project can mitigate many of the hydrologic changes
associated with development. The most common approach has been to reduce flows through the use of storm
water storage facilities. The two most utilized storage methods are retention and/or detention ponds.

Both retention facilities and detention facilities (such as ponds) are intended to capture and detain storm water
runoff from developed areas (Booth, Hartley, & Jackson, 2002). The difference between the two are that
retention facilities maintain a pool of water throughout the year and hold storm water runoff following storms,
whereas detention facilities can be considered “dry” facilities for most of the year, where the exception is when
there is a heavy rainfall event, when water may enter, in case the water level rises enough to allow water to enter
the detention pond (Laramie County Conservation District, 2016). A classic example of a retention pond can be
found in most parks in the Netherlands. These ponds contain water all-year-round with a water-level that is
significantly lower than the surrounding land. This allows the pond to store excess storm water. If the levels rise
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too high, there is usually an outlet to surrounding drainages. The pond allows a relatively controlled release of
water.

On the other hand, a classic example of a detention pond can be found in the planning of the “room for the river”
projects within the Netherlands (Ministerie van Infrastructuur en Milieu, et. al, 2016). These are areas of
sacrificial land and the following occurs: as the water level rises, water can spread out into those areas to reduce
velocity and to retain large quantities of water. Detention ponds cannot be used as effectively in parks as they
do not slow down the velocity of the water entering the system without the effects of erosion occurring. Retention
ponds already contain water that immediately slows down the storm water entering into the pond, minimizing
erosion of the bottom and slopes. Both serve the purpose of temporarily holding runoff so that flow rates of a
stream do not increase above a desired level (McCoy, 2012).

As a consequence of the increased urban-induced runoff, more flooding, erosion, and habitat damage have
occurred. With the use of engineered facilities, the project can mitigate many of the hydrologic changes
associated with development. The most common approach has been to reduce flows through the use of storm
water storage facilities. The two most utilized storage methods are retention and/or detention ponds.

2.4.5. Weir and orifice
Weirs are overflow structures that stretch across an open channel of water with the purpose of affecting the
volumetric rate of water flow. They act like miniature dams, blocking the flow of water and causing it to pool
up behind them until the water level rises enough to flow over the top of the weir. In conjunction with a retention
pond, a weir will ensure that some water will stay behind in the retention pond.

Orifices are submerged openings with a closed perimeter through which water flows. Orifices are generally used
as measuring and hydraulic control devices, but in combination with a retention pond and a weir, they can be
utilized to optimize the function of the storage system. For example, the weir has the orifice. What this does, is
that the weir traps water behind it, but the orifice allows the retention pond to slowly drain to a lower water level.
What this does is that the retention pond now has extra volume storage capacity. As the water level rises again,
it will be slowly and controllably spilling through the orifice into the downstream systems at a rate that the
downstream system can manage. This will also delay the over-topping of the weir, thereby increasing the
retention time. In summary, the combination of a weir and orifice structure to a retention pond will allow for a
higher storage potential, less erosion, a controlled release rate of water, and higher retention times (Southern
Sandoval County Arroyo Flood Control Authority, 2010).
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3. Program of Requirements

The program of requirements states all the criteria that must be considered in order to develop a successful
design within the specifications set out by the client; in this case the Ministry of Public Housing, Spatial
Planning, Environment and Infrastructure of Sint Maarten (also refer to as VROMI). The final design of
this project must meet certain functional and technical requirements. These requirements are determined by
the client (VROMI), the guidelines set by VROMI, and the national and international standards (e.g.
Eurocodes).

3.1. Functional requirements

Overview of the Waymouth Hills’ infrastructural design supporting the future development

o The new stormwater drainage plan will have the function of:
= Dealing with only stormwater runoff.

= Having adequate capacity to support the urban development from the surface runoff for a 10-
year storm event.

= Reduce excessive runoff from the urban development overwhelming the Dutch Cul de Sac
stream during storm events.

= Reduce the sediment transport and deposition into the low-lying area, particularly in the Dutch
Cul de Sac stream.

= Where possible and feasible, reuse of effluent for irrigation should be considered, by
infiltration points or something similar

o Drainage design should have the advantage in terms of cost, capacity, multiple use (e.g. recreation,
wildlife habitat, etc.) and maintenance.

o For the choice of stormwater drainage design, the alternatives are to be evaluated and compared
between each other, so as to select the system that is best suited to the project area and the project’s
goals.

o The drainage system has to be placed next to or underneath the projected road to make it passable
even during heavy rainfall.

o The stormwater drainage structure is not necessary if the roadway is able to convey surface runoff
but it is mandatory to be present for primary road (e.g. Mildrum Road).

o Changes of the original development plan must not affect the amount of living space planned and or
decrease the land value within the development plan and /or limit the safety of road ways.

o The drainage system has to be constructed in such manner that it fits the road construction and time
lifespan required.

o Drainage designs shall be reviewed to determine if some form of protective treatment will be required
to prevent entry to facilities that present a hazard to children and to adults.

o The design and location of open channels shall comply with roadside safety and clear zone
requirements.
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3.2. Technical requirements

Storm drains:

o The construction of the structure shall be carried out using precast or cast in situ concrete.

o The structural lifespan of the drains required is 50 years.

o The design of the drains shall be based on the peak stormwater runoff traveling in each section of the
drain accordingly.

o The maximum filling in the drain allowed is 75% of the proposed drain size.

o The velocity of the filling shall not exceed 6 meters per second in the drains.

o The longitudinal slope of the drains shall adapt to existing terrain as much as possible.

*  The maximum longitudinal slope of the drain shall not produce a velocity that exceeded the
permitted.

= The minimum longitudinal slope can be zero percent only if it does not exceed the maximum
filling permitted.

o The channel width shall be designed to accommodate the hydraulic capacity of the cross-section,
recognizing the limitations on velocity and depth. Width shall be adequate to allow necessary
maintenance.

o The sides wall of the drains should be at least 0.5 meter away from any structural walls.

o The foundation of the drains shall be designed in a manner such as no significant differential
settlements will occur and that it won't require significant repair works within 20 years after
completion.

Drain inlet:

o Grated drain inlet is mandatory on primary road to converge runoff into the storm drains
= Inlets shall be placed at the low points in the street grade.
= Center to center (C.T.C) distance of 2.5 meter between drain inlet is required.

o Opening of road curb is to be used as drain inlet on side road to converge runoff into the storm drains.
= Maximum C.T.C curb opening of 1 meter is required.

System outlet:

o The outlet of a drainage system must be placed at a location where the downstream area or
receiving stream is capable of accepting the design flow.
o Downstream erosion, stream degradation and flooding impacts must be considered.

Land use:

o The construction of any structure shall remain within the parcel boundary of the state (government).
If this is inevitable, avoid the use of easement as much as possible.

o Disrupting of the natural environment and habitat is to be avoided as much as possible.

o Minimize disruption of existing topography, erosion, and sedimentation problem by reducing and

limiting cut and fill requirement.

Detention pond:

o Stormwater must be detained such that the peak flow rate released from the site does not exceed 0.05
cubic meter per second per ha (m3/s /ha). The following limitations apply to detention basin.
o No part of the bottom of a landscaped detention area may be flatter than 3% slope.
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o Within 3 meter of the outlet, the slope of a landscaped basin bottom must not be flatter than 5% unless
a concrete apron is constructed around the outlet to control erosion occurring in the receiving
downstream channel.

o Storm drain channels are to continue through detention areas to allow low flows to proceed through
the storm drainage system without having to come to the surface. These low flows must still pass
through the outlet restriction that limits runoff rates.

o Basins are to be designed such that water does not run into them after they reach a maximum depth
(unless a free-flowing overflow is provided).

o Outlet works selected for the detention pond shall include a principal spillway and an emergency
overflow to convey flows larger than those which can be handled by the storage system or to divert
water in case the system becomes inoperable for any reason.

o The max depth of 3 meter (bottom of the basin to the top of the ground surface) is allowed on the
basins.

o The freeboard of the basin should have at least 0.2 meter from the bottom of the basin to the top of
the ground surface.

o Side slopes shall not be steeper than 3-meter horizontal to 1-meter vertical (3:1).

Structures stability:

o For any structure constructed using concrete, the following Eurocode shall be used:
= EN 1990 — Basics of Structural Design
= EN 1991 — Actions on Structures
= EN 1992 — Design of Concrete Structures
= EN 1994 — Design of composite steel and concrete structures
o Structure shall resist earth quake load from earth quake zone 3

The program of requirement in this chapter has set up to fulfil the final design of the new stormwater
drainage pertaining to this research report. Moreover, a separate technical requirement has been drawn up
for the realization of the infrastructure upgrade in the Waymouth Hills: this includes the construction of
new roads (resurfacing road pavement), the stormwater drainage and followed with relevant activities
involving the total infrastructure upgrade (refer to Appendix F).
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4. Methodology

The overall methodology of this research study is shown in Figure 23 and discussed in this chapter. In order to
achieve the research objective, the relevant literature on the local climate, the effect of urbanization and the
mitigation of the storm water runoff was reviewed to acquire the knowledge about, conventional and current
methodology.
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Figure 23: Methodology flow chart of this research study.
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4.1. Multi-Criteria Analysis

Multi-criteria analysis (MCA) is a tool used to help decision-makers finding the best compromise (or solution)
out of many alternative options to a complicated problem. For the purpose of this research, a MCA was
conducted to identify the most feasible stormwater drainage system that can be used for the Waymouth Hills.

To do so, three viable alternatives have been set up to evaluate and compare the alternatives against each other.
The comparison of the alternatives was based on criteria relevant to the established project specifications.
Weights are assigned to each criteria in order to highlight their importance in the MCA. The evaluation of each
alternative was scored (i.e. through rating) by assessing how well they perform with respect to each criterion and
a pre-defined scale is used for this. The alternative that received the highest score is the alternative that (in
overall) is associated with the most positive grading (i.e. the most proffered among the selected alternatives).

4.1.1. Identified criteria

Six criteria have been formulated for the comparison of the alternatives which would best reflect the important
aspects which were required to achieve the goal and objectives of the study. The criteria that were chosen for
the evaluation are described below in Table 4.

Table 4: Summary of the criteria used for the MCA.

Criteria Parameter analyzed Description
Investment cost e Land cost s Different alternatives may require different amount of land
e Material and construction area for construction — estimation of the land costs
cost s Estimation of construction- and material cost for building the
stormwater alterative on site.
Mamtenance cost | »  Operation- and e Estimation of the frequency of maintenance required for each|
maintenance costs of the alternative and the cost for such activity.
system
Environmental e  Impact on urban soil + Estimation of effect on soil quality on site, sediment
impact quality and erosion retention and erosion potential.
potential s Potential for change in biological diversity at site.
¢  Impact on the ecological
habitat
Design aspects s  Complexity of s Different alternative may require specific type of activities,
construction machinery and equipment
Structural e Lifespan and reliability of | e  Estimation of lifespan of system and measure of strength
rc]jabj]jty structure
Implementation ¢  Duration of s Estimation of the duration required for the implementation of]
time implementation each alternative.

4.1.2. Identified criteria’s weight

A total score of 100% was used which was divided in accordance to their importance for this research into the

following:

Investment Cost: The investment cost provides a large influence on the global decision making, since it
reflects the spending from the client or any parties involved. Therefore, this criterion is given 25%.

Maintenance cost: The activities involved in the alternatives will reflect the overall long- term cost of
the client’s investment. Therefore, this criterion is given 20%
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Environmental impact: The terrain in the study area are predominately with steep slope. Disrupting of

the natural environment and habitat will increase potential erosion in the study area, clogging the

drainage systems, and reflect increase sediments transport to lower lying terrain. Therefore, this
criterion is given 20%.

Design aspects: This criterion relates the functions of the structure and their capability to perform in
long-term. Therefore, this criterion is given 15%.

Structural reliability: The construction of the complex drainage system may require the use of specific

machineries and equipment. Accessibility of these machineries to the study area may be limited.
Therefore, this criterion is given 10%.

Implementation time: Construction activities can interfere the traffic flow in the study area. Since, the

hurricane season is during the period from June to November (5 months period), construction within

this period can be crucial. Work can be disrupted and delayed, which translate a higher investment cost.
Therefore, this criterion is given 10%.

4.1.3. Scoring of the alternatives
The scoring of each criterion was carried out in terms of a rating. A scoring set of 5 options was used to rate the

different alternatives with respect to the criteria in accordance to their performance presented in Table 5. The

three alternatives were compared and scored separately from each other.

Table 5: Summary of the alternative rating for the MCA.

. - Alternative Rating
1 - Poor 2 - Fair 3 - Good 4 - Very good 5 - Excellent
Large easement Average easement | Average easement | Average No easement
required, required, required, easement required,
Investment construction and construction and construction and required, construction and
Cost material are very | material are very material are construction and | material are
expensive expensive expensive material are cheap
average
Very frequent Frequent Few maintenance | Few maintenance | Few
Maint maintenance maintenance required, and required, and maintenance
Cost required, and _ required, and o ovcral]_operation is F:verall operation | required, and _
overall operation overall operation is | expensive 1S average overall operation
1S VEIy eXpensive | expensive 1s cheap
Very high impact | High impact on Average impact on | Low impact on No impact on
on soil quality, soil quality, soil quality, soil quality, soil quality,
Environmental | erosion potential erosion potential erosion potential crosion potential | erosion potential
impact and biodiversity and biodiversity and low and low and biodiversity
changes changes biodiversity biodiversity changes
changes changes
Very low lifespan | Low lifespan and Average lifespan Long life span Very long
Strctural and delicate low sturdy and average sturdy | and sturdy lifespan and
reliability very sturdy
Very specific Specific activities, | General activity, General activity General activity
activities, machinery and machinery and and machineries and equipment
Design Aspect | machinery and equipment required | equipment required required
equipment required
required
. . Very lon, Long duration Average duration | Short duration Very short
Execution time du_r;)fcicn i ° i du.r?f[ion
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4.2. Rainfall runoff & stormdrain calculation

Calculations required for this research is the analysis for the storm water runoff, hydraulic structure required for
the runoff and determine its hydraulic capacity. The storm water runoff analysis includes the current
development scenario, the future urban development scenario and the necessary mitigation measure in case of
flooding occuring within the system. The calculation for the hydraulic structure will be based on the peak rainfall
runoff from the future urban development runoff analyses. To achieve the outcome, steps were set and discussed
in this chapter.

4.2.1. Runoff analysis

In order to analyze the runoff potential for the Waymouth Hills catchment, firstly, the catchment was divided
into sub catchment to more accurately analyze its characteristics. These sub catchments were determined using
a contour map of the entire catchment by analyzing the direction of surface flow from the catchment. The storm
water runoff from each sub catchment defined the stream network and the area with runoff converging to each
and every stream was identified. The sub-catchments of concern were then identified using alphabet and/or
followed by numbers. Furthermore, each stream was identified using numeric numbers.

The Rational method was used to give a simple overview of the runoff analysis pertaining to the future urban
development scenario. This method of the runoff analysis carried out manually is defined in E.q (1).

Q=C.IA )

where:
Q= maximum rate of runoff (mi'/s), C = runoff coefficient (-); I= average rainfall intensity (mm/hr.);
A= sub catchment area (n1’)

The runoff coefficient is a dimensionless ratio intended to indicate the amount of runoff generated by a watershed
given an average intensity of precipitation for a storm (Thompson, 2006). Hence, in order to determine the
potential runoff from each such catchment, Table 6 was used which was based on the terrain slopes and land
use.

Table 6: Runoff Coefficient for Rational Method (Basisrioleringsplan Sint Maarten, 1998)

Runoff Coefficients for Rational Formula

Land use characteristics | Runoff Coefficient, C*
Urban area:
relatively flat lots of pavement, densely built with businesses, shops, and
apartments
Slope <1% | 0.9

Residential area:
detached, free standing houses, some stores, moderately infiltrating soil

Slope <1% 0.3
Slope 1-7% 0.4
Slope >7% 0.6

Undeveloped area:
overgrown with grass, shrubs and trees, moderately infiltrating soil

Slope <1% 0.10
Slope 1-7% 0.25
Slope >7% 0.35
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The parameter Rainfall intensity I, is defined (Critchley & Siegert, 1990) as the ratio of the total amount of rain
(rainfall depth) falling during a given period to the duration of the period. It is true that the longer the return
interval (hence, the shorter the exceedance frequency), the greater the precipitation intensity for a given storm
duration. Furthermore, the longer the length of the storm, the lower the storm average rainfall intensity. These
data are represented by the intensity-duration-frequency (IDF) curve. Hence, to determine the rainfall intensity
for the study area, Table 7 (values derived from the IDF curve) was used.

250.00

IDF van Sint Maarten

200.00

150.00

1 {rrmy k)

100.00

5000

duration [h}

Figure 24: IDF curve of Sint Maarten (Vojinovic & Bonilo, 2006).

Table 7: Intensity values (mm/hr) for different duration and return period.

Duration Return Period (years)

(hour) 2 5 10 20 50 100
0.1 108.3 152.8 176.3 181.8 199.9 219.5
0.25 772 | 1073 | 126.7 | 1396 | 169.1 | 184.0
0.5 56.6 81.6 99.1 115.0 128.8 141.8

1 36.1 52.4 62.4 76.4 90.3 99.7

2 23.0 30.0 413 48.1 56.7 63.2

3 16.4 24.9 303 35.8 423 47.0

6 9.8 14.6 18.4 20.7 24.0 26.8

24 34 5.6 7.0 8.3 10.1 11.5

The returned interval was selected based on the program of requirement, and the duration of the storm is
calculated for each sub catchment. Since, the time of concentration is equivalent to the duration of the storm
when peak rainfall occurs. After obtaining the time of concentration from of each sub catchment, the values
presented in Table 7

Duration Return Period (years)
(hour) 2 | 5 | 10 [ 20 [ 50 [ 100
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Table 7 were graphed 0.1 1083 | 152.8 | 1763 | 181.8 | 199.9 | 2195 | to determine the linear
function of the rainfall 0.25 772 | 107.3 | 1267 | 1396 | 169.1 | 1840 | jptensity  associated
. 0.5 56.6 81.6 99.1 115.0 128.8 141.8
with each sub catchment.
1 36.1 52.4 62.4 76.4 90.3 99.7
The time of 2 23.0 30.0 413 48.1 56.7 63.2 concentration Tc)
defined . NRCS 3 16.4 24.9 30.3 35.8 423 47.0 NRCS. 1986) is th
etned. - m ) 6 08 | 146 | 184 | 207 | 240 | 268 | ’ ) is the
time at which the entire % 34 56 70 33 101 115 | Wwatershed begins to
contribute to runoff. 7¢ was calculated using
the TR-55 method defined in E.q (2).
T,=Ty+Ts+T, )

Where:
Te=time of concentration (mins); Tti= sheet flow (min); Ts=shallow concentration (min); Tv= channel flow

(min).

Since, the time of concentration is dependent on the type of flow in each sub catchment. The flow type occurred
for each sub catchment was determined visually in Civil 3D and was calculated accordingly.

Sheet flow is which is defined as “flow over plane surfaces”. Time of travel for sheet flow (less than 130 meters)
was found using E.q (3).
0.692 (n * L> 3)
A
0%+ *\5,

Where:
Tti= Sheet flow (min); n= Roughness coefficient (Error! Reference source not found. Table §); L= Flow length (
m); I= rainfall intensity (mm/hr); Sp= Land slope (nv/m).

Since / depended on 7c and 7c¢ was not initially known, the computation of 7c was an iterative process. This
was carried out first by using an initial estimate of 7¢ which is assumed and used to obtain /from the IDF curve
for the locality. If they are not the same, the process was repeated until two successive 7c¢ estimates are the same
( Brown, Schall, Morris, & Dohert, 2013).

Table 8: Roughness coefficient (manning’s n) for sheet flow ( Brown, Schall, Morris, & Dohert, 2013).

Roughness coeflicients ( Manning's n) for
sheet low

Surface description n 1

Smooth surfaces (conerete, asphalt,

gravel, or bare S0il) ..o 0.011
Fallow (no residine) . s e 0.05
Cultivated soils:

Residue cover =200 . 0,06

Residue cover 2086 ... s 0.17
Grass:

Short grass prairie ..., 0.156

Dense grasses 2/, — 0.24

Bermudagrass . .. 0.41
Range (natiral) .o 0.13
Woods:¥

Light underbrush ..o 0.40

Drense underbrosh oo 0.80
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For flow lengths with shallow concentrated flow, E.q. (5) was used to calculate the flow velocity. The flow
velocity is influenced by the flow paths conditions and the characteristic of land coverage defined as the intercept
coefficient given in Table 9. The time of travel for shallow concentrated flow was calculated using E.q. (4)(4
after the velocity was found.

T, =L/p “)
v=K, K-S5,°° )
Where:

v=velocity (nv/s); Ku =coefficient (10); K= Intercept coefficient (Error! Reférence source not found,) (-) ; Sp=s
lope per cent (mym); L = Flow length

Table 9: Intercept Coefficients for shallow concentrated flow using Velocity vs Slope Relationship (McCuen,
Johnson, & Ragan, 2002).

Intercept Coefficients for Velocity vs. Slope Relationship
Land cover/ Flow Regime k
Forest with heavy ground litter; hay meadow (overland flow) 0.076
Trash fallow or minimum tillage cultivation; contour or strip cropped; woodland (overland flow) 0.152
Short grass pasture (overland flow) 0.213
Cultivated straight row (overland flow) 0.274
Nearly bare and untilled (overland flow); alluvial fans in western mountain regions 0.305
Grassed waterway (shallow concentrated flow) 0.457
Unpaved (shallow concentrated flow) 0.491
Paved area (shallow concentrated flow): small upland gullies 0.619

Channel flow is the flow located in an open channel. The time of travel can be found with E.q. (4), with the
velocity being determined with Manning’s Formula, given in E.q. (6).
Ky

1
V=— R?3.52
n (6)

Where:

V =velocity (m/s); n = manning’s roughness co-efticient (Error! Reference source not found.) (-); S=Slope (
my/m); K.=co-efficient (-); L= flow/ channel length; R=hydraulic radius (m) which is the ratio of cross-
sectional area to wetted perimeter of the channel.
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Table 10: Manning’s roughness coefficient (n) for channel and pipe (McCuen, Johnson, & Ragan, 2002).

Table 3-4. Typical Range of Manning's Coefficient (n) for Channels and Pipes

Conduit Material ‘ Manning's n*

Closed Conduits
Concrete pipe 0.010 - 0.015
CMP 0.011 - 0.037
Plastic pipe (smooth) 0.009 - 0.015
Plastic pipe (corrugated) 0.018 - 0.025
Pavement/gutter sections 0.012-0.016

Small Open Channels

Concrete 0.011-0.015
Rubble or riprap 0.020 - 0.035
Vegetation 0.020 - 0.150
Bare Soil 0.016 - 0.025
Rock Cut 0.025 - 0.045

Natural channels (minor streams, top width at flood stage <30 m (100 ft))

Fairly regular section 0.025 - 0.050
Irregular section with pools 0.040 - 0.150

“Lower values are usually for well-constructed and maintained (smoother) pipes
and channels

4.2.2. Hydraulic analysis

Once the peak discharge in the individual stream has been found, the capacity of the drainage structures can then
be determined. Road pavement are designed to not only facilitate safe traffic movement but also collect and
convey the concentrated storm water runoff in a storm event (Guo, 2000). Hence, the conveyance capacity of
the proposed road geometry was first analyzed by using the revised Manning equation (Izzard & Hicks, 1946)
defined in E.q 7.

K
Q= Zle.67 . T267 . \/S_o (7)
Where:
Q= Street hydraulic conveyance capacity (m'/s); K= Coefficient (1) (-); S.= Street transverse slope (m/m); S,=
Street longitudinal slope (m/m); T= water spread width on the street (m); n = Manning roughness (s/m").

In the streams network, where the proposed road geometry was not sufficient to convey the peak discharge, a
storm drainage structure was used. The dimension of the storm drain needed for each reach was calculated by
using the Manning Equation defined in E.q. (8).

Q = (A* R*%7 x5,%%) /n ®

Where:
Q= Discharge capacity (n1'/s); A=wetted area (n1'); R= hydraulic radius (m); S,= longitudinal slope (n/m);

1/3

n=manning’s roughness factor (s/m"") (Table 10).

E.q. (8) required the wetted area and the hydraulic radius of the drain, hence, to determine this information, a
desired size drain was assigned to each reach and initially assumed with a 75 % filling. The results of the
hydraulic capacity for each drain structures were then compared to the peak runoff entering to it. If the hydraulic
capacity of the initial drain size was not sufficient, a larger drain size was assigned until the peak runoff was
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satisfied. When the capacity of the drains versus the peak runoff is determined sufficient, the actual filling of the
peak runoff in each drain is calculated, since the travel time in channel flow affects the time of concentration,
and overall the rainfall intensity and peak runoff. This process of calculating the actual filling was repeated until
two successive 7c are the same.

4.2.3. Hydrodynamic modelling

In order to achieve better understanding and effect of surface runoff caused by future urban development and
the hydraulics in the designed drainage network structures of the Waymouth Hills, Autodesk Storm and Sanitary
Analysis (SSA) was used for the hydrodynamic modeling. SSA is an advanced, powerful, and comprehensive
modelling package for analyzing and designing urban drainage systems, storm water sewers, and sanitary sewers.
The software can simultaneously model complex hydrology, hydraulic and water quality. Typical application
includes design and sizing of drainage system components and detention facilities for flood control, as well as,
floodplain mapping of natural channel systems.

Three models were created in SSA for the analysis of the hydrologic effects of the future urban development and
the hydraulically effect in the drainage network structures. The first model was created to compare and verify
the conveyance capacity of the proposed structures from the manual calculation. To do so, the characteristics of
the sub-catchment and the stream network (defined in chapter 4.2.1) were incorporated into this model, together
with results of the proposed drainage structures obtained from the manual calculation. This model was simulated
using the Rational method and incorporated the stationary rainfall of the 10-year storm event data from the IDF
curve defined Table 7.

The second model was created to illustrate the hydrologic effect of the current development scenario and the
hydraulic capacity of the existing drainage network (existing road network). The hydrologic effect of the current
development scenario was simulated using the EPA SWMM (United States Environmental Protection Agency
Storm Water Management Model) and was incorporated with dynamic rainfall event of the 10-year storm. This
type of simulation required the use of the Soil Conservative Service (SCS) method to determine the stormwater
runoff.

SCS is a statistical method for peak flow determination based on rainfall, soil type, and land use (McCuen R. ,
2005). This method uses a variable known as Curve Number (CN) that represents the specific hydrologic soil
group (HSG), land cover, antecedent moisture condition, and hydrologic condition of an area (NRCS, 1986).
The value of CN varies between for 0 to 100, with 0 resulting in no runoff and 100 representing a completely
impervious area which generates an excess rain equal to the rainfall. For natural catchments CN it is normally
between 50 and 100.

The main hypothesis of the SCS method is that the ratio between the additional water retained in catchment area
after the start of the runoff process and the potential maximum retention is equal to the ratio between the excess
precipitation and the potential runoft:

Fa  Pe ©)

Where:

la = initial abstraction (Losses occurred before runoft begins)
Fa = additional depth of water retained in the sub-catchment afier the start of the runoff process
Pe = excess precipitation contributing to runoft
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P =rainfall (equal to Pe+ la + Fa)
S = Potential maximum retention after runoft begins.

The potential maximum retention, in turn, is directly related to the initial abstraction, /a, as displayed in E.q.
(10).
[,=02xS (10)

Considering [a=0.2*S and arranging the equation, the depth of excess rainfall from a storm is defined in E.q.

(11).

py_ (Pl _(P=02x5)? (11)
TP -1)+S (P+08x9)

Based on the soil type and the land use and the land use an equivalent curve number can be defined for each sub-
catchment. The value of S (in mm) and the curve number, CN, are define in E.q. (12).
25400 (12)

=———--—254
S N 5

The curve number applied in this research was obtained from the report (St Maarten Stormwater Modelling
Study, 2006), the CN was identified based on the land use and the type of soil. As the slope has an influence on
the sub-catchment runoff. The CN values obtained from the report is presented in Table 11.

Table 11: CN for each land use and soil slope (Vojinovic & Bonilo, 2006).

Land Use Slope CN
Ponds 100
Building and paved surfaces 95
Non-developed >40° 71
30°- 40° 68
20°- 30° 65
10°- 20° 61
0°-10° 58

Since the land use changes overtime, the value of the CN was calculated differently to represent the present and
future urban development scenarios. The CN corresponding to each sub-catchment is calculated weighting the
CN value in Table 11 by the percentage of the sub-catchment with each land use and slope range for the
modelling. Moreover, the properties of the existing network’s structures incorporated for this simulation were
obtained from available field survey data.

Furthermore, the third model was created to compare the hydrologic effect of the future urban development
scenario with the current development scenario. The corresponding CN value of the sub-catchment pertaining
to the future urban development scenario was incorporated in the model and was simulated using the EPA
SWMM method. This model was also simulated with the dynamic rainfall of the 10-year storm event to analyze
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the hydraulic capacity of the proposed drainage structure and compare the effect of stationary rainfall event
(from Model 1) versus the dynamic rainfall effect having on the future urban development drainage system.

The current and future urban development scenarios models (Model 2 and 3 respectively) using the EPA SWMM
method were simulated with different CN values for each sub-catchment. These values were calculated by taking
into account the degree of development and different slopes terrain. Refer to Appendix C to see the method used
to calculate the CN values used for the present development and future urban development scenario.

Lastly, the Dutch Cul de Sac stream was incorporated into both the present development and future urban
development models to analyze the hydraulics in the stream from the both scenarios. Then, a detention pond was
introduced in the upstream of the Dutch Cul de Sac to the future urban development scenario (the third model),
to assess the benefits of the pond use to mitigate potential flooding from the excessive stormwater runoff.
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5. Results and Discussion

5.1. Multicriterial analysis results

5.1.1. Identified alternatives
Three alternatives were drawn up and incorporated for the MCA. These alternatives were proposed to reflect

and solve the defined problem of this research. The determined alternatives used for the MCA are an open ditch,
a concrete U-Gutter and an underground drain.

Alternative 1

The first alternative suggested using an open ditch along the road (Figure 25). An open ditch would then be
constructed on the lining of the road where storm water runoff could be collected and conveyed from the surface
runoff from sub-catchment areas and from the road pavement. Open ditch could be designed as V-shaped, U-
shaped and or trapezium shaped channel sections. The shape or the slope in which the open ditch could be used
is significantly dependent on the soil properties as the banks of the open ditch could collapse when over-
saturated. The construction for this type of drainage can be relatively easy and cheap to construct comparing to
other stormwater drainage systems. Due to the necessity of having slopes for its stability, it requires more space.
In areas where the terrain profile is steep, scouring or undercutting on the bottom and sides of the channel may
occur. This result in transporting debris and may block the drainage downstream. This type of storm drainage
not only requires more frequent maintenance of the bank but also the downstream drainage where sediments is

|;i—7
Light pole
Uity rench ( spplicatie)
Green zone, 0.20m top sol
Guard rail Install sidewalk of brickstone:
thickness: 0.10m
enclosed low curb 10x20em and
Property boundary T \ nd
Install sonerete curb 1315, g Property boundary
Instal concrete arsinage curt on tampes concrete \
Trapezcid snape Ditch ¢
R - 4'—1:\ED:|I|I\:|:\:E
iz w , il

|

|
H ws | |
General cross section road with Ditch as drainage

Figure 25: Alternative 1 (Open ditch).

Alternative 2

The second alternative was to use a concrete gutter (Figure 25). This type of storm water drainage works similarly
to an open ditch and is also constructed on the lining of the road. Concrete gutter could have any desired shape
and does not require side slopes for its structural stability (depending on the shape of the channel used). Square
and rectangular concrete gutters are mostly used in urban areas as they take up less space ensuring that space for
the road infrastructures are not limited by these drainage systems. This type of drainage can be constructed in
situ or precast concrete and owing to its durability, erosion of the channel is significantly lower in comparison
to open ditch.
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Figure 26: Alternative 2 (Concrete U-Gutter).

Alternative 3

The third alternative suggested the use of underground drains. This type of storm water drainage is mainly used
in the form of precast concrete or plastic elements. It is built beneath the center or on the sides of the street. This
type of drain is mainly used in urban areas and city centers, where very limited space is available. Having this
type of drain utilizes the road space more efficiently. This type of drain can be used for stormwater, waste water
purposes and or combined. For stormwater drainage purpose, stormwater is collected or fed by the side inlets
from street curb and grated inlet.

—
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Figure 27: Alternative 3 (Underground Drain).

5.1.2. Final result of the MCA
The final result (also called weighted score) of the MCA is calculated by multiplying the scores obtained from

each criterion (Table 12) by their importance level (weight value, refer to 4.1.2). The alternative with highest
score is the most feasible alternative. See Table 13 for the summary of the final scores for the alternatives.
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Table 12: Rated scores from MCA.

Criteria Alternative 1 | Alternative 2 Alternative 3
Investment Cost 4 3 2
Maintenance Cost 2 4 3
Environmental impact 1 3 3
Structural reliability 2 5 4
Design Aspect 4 2 |
Execution time 4 2 1
Sum: | 17 19 14

Table 13: Weighted Scores from MCA.

Criteria Alternative 1 | Alternative 2 Alternative 3
Investment Cost 1.00 0.75 0.50
Maintenance Cost 0.40 0.80 0.60
Environmental impact 0.20 0.60 0.60
Structural reliability 0.30 0.75 0.60
Design Aspect 0.40 0.20 0.10
Execution time 0.40 0.20 0.10
Sum: 2.70 3.30 2.50

To sum up the MCA results, Alternative 2 secured the highest score (for both the rated scoring and weighted
scoring) followed by Alternative 1 and then Alternative 3. The area that Alternative 2 scored the most in is
structural reliability, due to the fact that with this alternative the structural lifespan of concrete can be up to 50
years. Moreover, this alternative does not need to withstand traffic load whereas Alternative 3 must, since it is
constructed beneath the street profile. This additional load acting on Alternative 3 might expect larger settlement,
and with preventative measures the cost of investment will be increased as well, hence the scoring of this criterion
for Alternative 2 was more favorable than Alternative 3. Moreover, Alternative 1 is constructed by lining of
natural soil or vegetative and hence its lifespan was expected to be the shortest in comparison to both Alternative
2 and 3. Additionally, it scored the least among the alternatives.

The area that Alternative 2 scored least in was both the design aspect and the execution time; due to the fact that
the construction is in concrete, it requires involving more complex activities and it also results in a longer
execution time overall. Alternative 3 is in same situation, but its construction requires much
more complex activities in comparison to Alternative 2, hence it scored less compared to Alternative
2. On the other hand, the activities involved in the execution of Alternative 1 are minimum and the least complex
comparing to both Alternative 2 and 3, hence resulting in a more favorable score. Refer to Table 3A to SA
(Appendix A) for the description and motivation of the scoring result from each alternative.

5.1.3. Sensitivity analysis

A sensitivity analysis was performed for MCA to further evaluate the results and see how much the results (i.e.
weighted scores) are affected if the weights given to each of the six criteria are changed but using the same rated
score presented in Table 12. An analysis where these parameters were changed was preformed and two examples
are shown in Table 15 and 16 below. The two different scenarios are summarized in Table 14.
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Table 14: Description of 2 scenarios that were tested.

Scenario Criteria Description
Nr. | Investment | Maintenance |[Environmental| Structural | Design [Implementation|
cost cost impact reliability | aspects time
1 16.67 16.67 16.67 16.67 16.67 16.67 All criteria of equal
importance (i.e. the
perfect world scenario)
2 10 10 10 20 25 25 The design aspect, its
structural reliability and
execution time is the
most important criteria
(i.e. if the company want
to focus more on the
structural aspects)
TABLE 15: Scenario 1- All criteria with equal weight distribution.

Criteria Alternative 1 | Alternative2 | Alternative 3

Investment Cost 0.67 0.30 0.33

Maintenance Cost 0.33 0.40 0.50

Environmental impact 0.17 0.30 0.50

Structural reliability 0.33 1.00 0.67

Design Aspect 0.67 0.50 0.17

Execution time 0.67 0.50 0.17
Sum: 2.83 3.00 2.33

When the scenario (nr 1) was compared to the original MCA, the weighted score for Alternative 1 were higher
compared to the original MCA, whereas both alternative 2 and 3 resulted less than the original MCA weighted
score. The conclusion is that changing the original weight distribution (investment cost 25%, maintenance cost
20%, environmental impact 20 %, structural reliability 15%, design aspect 10% and execution time 10 %) to
16.67 % for all criteria did not change the main result (i.e. Alternative 2 was still determined to be the best

alternative).

TABLE 16: Scenario 2- Higher weight distribution for design aspect, structural reliability and execution time

criteria.
Criteria Alternative 1 | Alternative 2 Alternative 3
Investment Cost 0.40 0.30 0.20
Maintenance Cost 0.20 0.40 0.30
Environmental impact 0.10 0.30 0.30
Structural reliability 0.40 1.00 0.80
Design Aspect 1.00 0.50 0.25
Execution time 1.00 0.50 0.25
Sum: 3.10 3.00 2.10
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When the scenario (nr 2) is compared to the original MCA, the weighted score for alternative were higher
comparing to the original MCA, whereas both alternative 2 and 3 resulted less than the original MCA weighted
score. The conclusion is that changing the original weight distribution (investment cost 25%, maintenance cost
20%, environmental impact 20 %, structural reliability 15%, design aspect 10% and execution time 10 %) to 10
% for investment cost, maintenance cost, environmental impact, 20 % for structural reliability, and 25 % for
both design aspect and execution time criteria changes the main results (i.e Alternative 1 is now the best
alternative followed by Alternative 2 and 3).

In both scenarios (nr 1 and 2) of Alternative 3, the overall weighted score did not increase but instead decreased.
This can be explained by the rated score it received, where the majority of the criteria scored were relatively low
in comparison to both Alternative 1 and 2, hence the weighted score (final result) in both scenarios was not able
to match both the Alternative 1 and 2.

To sum up the MCA results, Alternative 2 was found to be the best alternative from the MCA together with
scenario 1 and fell only slightly in scenario 2. Hence Alternative 2 can be considered as relatively solid (when
analyzed with the chosen criteria that were selected on the basis of this research) and was selected to be used as
the stormwater drainage for the new urban development in Waymouth Hills.

5.2. Rainfall runoff and stormdrain calculation

5.2.1. Rainfall analysis
The delineation of the Waymouth Hills catchment was performed in Civil 3D with Google Earth imagery of the

location, a total of 26 sub-catchments were obtained and identified (Figure 28).
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A total of 21 streams (also referred to as reaches) in the study area carries the storm water runoff from the sub-
catchments and then eventually discharges into the main drainage network of the study. Theses streams were
numbered, and the direction of runoff is indicated in Figure 29. Moreover, 4 outlets were identified in the
drainage network. The identified outlet’s location within the drainage network are as follows: exit point in Reach
3, 10, 15 and 18 and shown Figure 29 below.
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Figure 29: Contour and stream path map of the Waymouth Hills Catchment.

The manual calculation for the rainfall analysis used the Rational Method pertaining to the future urban
development scenario. Table 6 was used to define the runoff coefficient for each sub-catchment which was based
on the terrain slopes and land use. The assigned value for each sub-catchment is presented in Table 1B (Appendix
B). The result of the analysis for the intensity and the peak discharge for the 10 years storm return period
occurring in each reach is presented in Table 17. The calculated linear function of the 10-year storm event that
was used to calculate the rainfall intensity is presented in Appendix B.
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Table 17: Peak discharge versus the time on concentration and rainfall intensity for 10 year- storm event in
each Reach.

Concentration Time Rainfall Runoff
Reach Runoff Reach path Cumm. Time of Time of Conc. Ran Peak
Area Runoff Area entry flow Time mtensity | Discharge

A*R Qcum

[m'] [m’] [min] [min] [min] mm/hr [m3/s]
1 2,361 1-3 2,561 14.91 0.23 15.15 129.8 0.09
2 916 2-3 916 14.39 0.70 15.29 129.4 0.03
3 8.444 3-Lower P. Quarter 11,921 13.32 0.52 15.83 127.7 0.42
4 5,020 4-20 5,020 10.14 1.77 11.92 141.5 0.20
3 342 5-4 342 5.08 1.37 6.44 171.4 0.04
6 4,169 6-20 4,169 15.32 0.35 15.67 128.2 0.15
7 3,565 7-20 3,565 5.14 1.29 6.43 171.6 0.17
g 3,354 8-17 4,298 10.84 0.52 11.36 143.8 0.17
9 3,435 9-20 4,703 17.96 0.51 18.47 120.2 0.16
10 19.466 10-Ebenezer 19.466 13.12 0.80 15.92 127.4 0.69
11 4,621 11-22 4,621 10.84 0.41 11.25 144.3 0.19
12 8,291 12-21 15,895 14.24 0.43 14.67 131.4 0.58
13 5,072 13-15 9,217 18.69 0.35 19.04 118.7 0.30
14 2,180 14-15 7,252 8.45 0.33 8.78 156.4 0.32
15 944 15-Valley Estate 14,857 19.04 0.14 19.18 118.3 0.49
16 4,380 16-17 4,380 11.02 0.35 11.37 143.8 0.17
17 2,576 17-18. 24,166 14.74 0.46 15.20 129.6 0.87
18 957 18-Dutch Cul de Sac 42,397 15.20 0.40 15.60 123.4 1.51
20 - 20-18 17,274 14.79 0.45 15.24 129.5 0.62
21 - 21-17 12,911 14.67 0.08 14.74 131.1 0.47
22 - 22-12 7,604 18.47 0.22 18.69 119.6 0.25

The analysis of the peak discharge shows that the longer the duration of the storm, defined as the time of
concentration, resulted in a lower intensity, whereas, the shorter the time of concentration ( 7¢) the higher the
intensity. However, having a larger intensity does not directly correlate to a larger discharge into the Reach. The
peak discharge generated into the Reaches is also dependent on the runoff from the sum of the contributing sub-
catchment areas. As a result of this, it can be observed that the larger the contributing areas were, the larger the
discharge into the Reach was. Taking Reach 5 and 18 as an example, the peak discharge 0.7m’/s runoffs to Reach
5 from a total contributing area of 842m’ with an intensity of 171mm/hr. Whereas, the peak discharge runoff
into Reach 18 is 1.52m’/s resulting from an intensity of 128.4mm/hr to a total contributing area of 42,397m’".
Due to the overall ratio of area:intensity, it can be observed that Reach 18 has a higher peak discharge.

5.2.2. Hydraulic analysis

The geometry of the road used for the street conveyance capacity analysis is the proposed design for the road
infrastructure upgrade in the Waymouth Hills. Whereas the longitudinal slope is obtained from the existing
terrain map generated from Civil 3D. The longitudinal slope used for the manual hydraulic analysis, is calculated
by taken the elevation difference between the two points (inlet and outlet) of each Reach by dividing the total
length between the two points. The result of the conveyance capacity of the road within the defined Reach to
drain the 10 year-storm peak discharge runoff calculation is presented in Table 18.
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Table 18: Street conveyance capacity and peak runoff for10 year-storm event.

Reach Qcum | Road width [Transverse Slope| Longitudinal Qmax Velocity Status Runoff direction
(m3/s) (m) Slope (m3/s) (m/s)
1 0.09 4.5 2.0% 27% 0.24 4.21 SUFFICIENT Lower P. Quarter
2 0.03 4.5 2.0% 3% 0.08 1.40  |SUFFICIENT Lower P. Quarter
3 042 4.5 2.0% 16% 0.19 3.24  |NOT SUFFICIENT Lower P. Quarter
4 0.20 4.5 2.0% 1% 0.05 0.81 NOT SUFFICIENT Reach 20
5 0.04 4.5 2.0% 1% 0.05 0.81 SUFFICIENT Lower P. Quarter
6 0.15 3. 2.0% 9% 0.06 2.59  |NOT SUFFICIENT Reach 22
7 0.17 4.5 2.0% 2% 0.07 1.15 NOT SUFFICIENT Reach 20
8 0.17 7.5 2.0% 12% 047 3.07 SUFFICIENT Reach 18
9 0.16 45 2.5% 11% 0.22 2.99 SUFFICIENT Reach 22
10 0.65 7.5 2.0% 12% 047 3.07 NOT SUFFICIENT Ebenezer
11 0.19 3. 2.0% 14% 0.10 2.89 NOT SUFFICIENT Reach 21
12 0.58 4.0 2.0% 9% 0.11 2.36 NOT SUFFICIENT Reach 21
13 0.30 4.0 2.0% 9% 0.11 2.36 NOT SUFFICIENT Reach 15
14 0.32 7.5 2.0% 16% 0.54 3.55 SUFFICIENT Reach 18
15 0.45 7.5 2.0% 12% 047 3.07 NOT SUFFICIENT Valley Estate
16 0.17 4.0 2.5% 14% 0.19 3.24 SUFFICIENT Reach 18
17 0.87 7.5 2.0% 10% 0.43 2.80  |NOT SUFFICIENT Reach 18
18 1.51 7.5 2.0% 12% 0.47 3.07  |NOT SUFFICIENT Dutch Cul de Sac

The result of the street conveyance capacity illustrated in Table 18 is based on the maximum filling allowance
of 75 percent. The geometry and the profile of the road varies in each Reach, alternately resulting different
conveyance capacities. It can be observed that the street geometry (such as the road width, the transverse
slope) and the road profile (longitudinal slope) influence the conveyance capacity to drain storm water runoff.
The influence of these parameters contributing to the conveyance capacity differences can be analysed by
comparing the street characteristic in Reach 1, 2, 6, 12, and 16 given that the value of the Manning’s roughness
coefficient and the side and gutter size is the same in all cases. As shown in Table 18, given that the width and
the transverse slope of the street in Reach 1 and 2 are constant, with the increase of steepness in the road
profile the conveyance capacity of the street also increases with the flow velocity. Moreover, comparing the
road geometry between Reach 6 and 12, the steepness remained the same. It is noticed that the conveyance
capacity of the street also increases with a wider road section, however, the flow velocity decreases. Finally,
with an increasing transverse slope, both the conveyance capacity of the street and the flow velocity increases.
This can be observed in Table 19 taking Reach 16 as an example while both the road profile and the road width
are constant for the comparison.

Table 19: Street conveyance capacity of Reach 16 with different transverse slope.

Reach 16
Qcum (m3/s) Road width Transverse Longitudinal Qmax (m3/s) | Velocity (m/s) Status
(m) Slope Slope
0.17 4.0 2.0 14% 0.14 2.94 NOT SUFFICIENT
0.17 4.0 2.5 14% 0.19 3.24 SUFFICIENT

For the Reaches that the street conveyance capacity were determined to be not sufficient (to convey the peak
runoff from the 10 year-storm event), U-gutters are used. Moreover, U-gutters are mandatory on primary roads,
hence the design of U-gutter was introduced for Reach 8 and 14. The result of the U-gutter dimensions and its
hydraulics used for stormwater discharge is presented in Table 20.
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Table 20: U-gutter drainage capacity and peak runoff for 10 years storm event.

Name of Sizes HxB Qcum | Longitudinal Qmax 75% filIing Actual flow Actual Flow
Reach Storm drain (m) (m3/s) Slope (m3/s) flow velocity velocity depth Status
(m/s) (m/s) (m)
3 U-Gutter 3 0.30x0.40 0.42 16% 0.50 5.59 5.45 0.21 SUFFICIENT
4 U-Gutter 4 0.45 x0.40 0.20 1% 0.24 1.79 1.72 0.29 SUFFICIENT
6 U-Gutter 6 0.30x0.30 0.17 9% 0.29 4.30 3.67 0.13 SUFFICIENT
7 U-Gutter 7 0.50x0.40 0.17 2% 0.26 2.28 2.12 0.27 SUFFICIENT
8 U-Gutter 8 0.30x0.30 0.17 12% 0.34 4.23 3.07 0.13 SUFFICIENT
10 U-Gutter 10 0.75x0.30 0.69 12% 1.01 5.96 5.66 0.41 SUFFICIENT
11 U-Gutter 11 0.25x0.25 0.19 14% 0.22 4.75 4.60 0.17 SUFFICIENT
12 U-Gutter 12 0.50x 0.50 0.58 9% 1.13 6.05 5.17 0.23 SUFFICIENT
13 U-Gutter 13 0.30x0.35 0.30 9% 0.36 4.56 4.39 0.20 SUFFICIENT
14 U-Gutter 14 0.35x0.35 0.32 16% 0.58 6.35 3.55 0.16 SUFFICIENT
15 U-Gutter 15 0.35x0.35 0.49 12% 0.51 5.50 5.46 0.26 SUFFICIENT
17 U-Gutter 17 | 0.60x0.60 0.87 10% 1.94 7.20 5.93 0.24 SUFFICIENT
18 U-Gutter 18 | 0.95x0.60 1.51 12% 3.75 8.77 7.30 0.34 SUFFICIENT
20 U-Gutter 20 0.30x1.10 0.62 49% 3.64 14.71 7.91 0.071 SUFFICIENT
21 U-Gutter 21 0.30x0.70 0.47 44% 1.99 12.62 7.93 0.085 SUFFICIENT
22 U-Gutter 22 0.30x 1.00 0.25 44% 3.09 13.72 5.63 0.041 SUFFICIENT

The U-gutters were designed in such a way that the discharge capacity (Q-max) of each gutter would result in a
75 percent filling within the structure at a peak storm discharge (Q-cum) flowing into it. The results of the Qmax
from the 75 percent filling from the U-gutters is larger than the Qcum needed whereas flow velocity generated
from this discharge capacity exceeded the allowable of 6m/s (defined in the program of requirements).

Given that Qmax in the U-gutters is based on a 75 percent filling capacity rather than the actual peak discharge
from the runoff, the travel velocity from this flow affects the actual time of concentration of the storm event
(hence, this influences the overall rainfall intensity and peak discharge runoff). As a result of this, the actual
travel velocity in each U-gutters was calculated by determining the depth of the flow in the U-gutter from the
Qcum instead. This calculation process for the flow depth, velocity and the peak discharge runoff was iterated
to define a more precise peak discharge runoff and the hydraulics occurring in the U-gutters.

The result defined in Table 20, illustrates that the actual flow velocity in Reach 18, 20 and 21 exceeded the
allowable flow velocity, regardless of the calculation of the time of concentration in these Reaches. To satisfy
the flow velocity in these channels, alteration of the influencing parameters (such as channel slope, size and
surface roughness) have been undertaken in the hydrodynamic modelling. The result of the hydraulic analysis
for each Reach is presented in Table 3D (Appendix D).

5.2.3. Hydrodynamic analysis
Model 1: Future urban development scenario using Rational Method for rainfall analysis

To validate the hydrodynamic analysis of manual calculations, the Rational method was used for the rainfall
analysis, and the results for proposed hydraulic structure for the drainage network carried out in the manual
calculation were incorporated in this SSA model. In additional, chainage was incorporated to the Reaches, this
gives the detail representation of the actual characteristics (i.e. longitudinal slopes) of the drainage network to
define the hydraulics. The properties of the Reaches’ chainage used in the model is included in Table 1D
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(Appendix D) and the SSA model of the drainage network is shown in Figure 30 below. The profile plots for
all the model Reaches with the maximum discharge and the depth are presented in Appendix D.

Y
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Figure 30: Drainage network of the Waymouth Hills.

The results from the hydrodynamic analysis of the model illustrated in Figure 30, surcharge flows (indicated in
blue link) occurred in the drainage network during the simulation of the for 10-year storm event. In order to
discuss the cause of the surcharge flow occurring in these Reaches, the critical duration of the rainfall event must
have defined; since it is the duration necessary to produce the maximum peak flow occurring in the Reaches.

The critical duration of the storm event in the drainage system varied, since it is dependent on the rainfall profile
and the system characteristic. To illustrated this, the hydrograph of the outlets (or exit point of Reaches 3, 10,
15 and 18) in drainage network was used and was generated from the model’s simulation (Figure 31).
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Figure 31: Hydrograph displaying the peak discharge versus rainfall duration of the system’s outlets from model
1 simulation.

The result from the hydrograph (Figure 31) showed the maximum peak flow is produced at 0.17-hour (10.2
mins) for at Reach 18 and 15, and the critical duration for Reach 3 and 10 was found to be at 0.27-hour (16.2
mins). The flow velocity occurred in the drainage network at the both critical duration of the rainfall is presented
in Figure 32.
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Figure 32: Overview of the modelled channels and their related flow velocity at rainfall duration of 10.2 mins
(left) and 16.2 mins (right) for 10- year storm event from model 1 simulation.

The result of the hydraulics overview in the drainage network are presented in Figure 30 and 32. In the drainage
network during the storm event’s peak runoff not only did a surcharge flow (indicated in blue links referring to
Figure 30) occur but also undesirable travel velocities as well (indicated by the red links in Figure 32). To discuss
the alternatives that has been undertaken for both of these hydraulic problems, the profile plot of Reach 18 is
taken to analyse the velocity profile changes with the surface roughness (using larger value for manning’s
coefficient) and or channel enlargement, whereas, profile plot of Reach 7 is taken to analyse the flow profile
changes with channel enlargement and or increase channel slope.
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The result of the initial simulation in Reach 18 (Figure 33 below) illustrated that the travel velocity increases
with larger longitudinal slope of the channel. In addition, it was observed that the flow depth in these channels
were lower but with higher travel velocity. However, when the Reach was simulated using the same channel
properties but using a larger channel width, both the flow depth and flow velocity decreases in the channels
(Table 21). Despite the travel velocity decreasing with a larger channel width, the reduction the flow velocity by
the enlargement of the structure enlargement. Since, it required a significant amount of space. Moreover, greater
flow velocity reduction in the channel flow can be observed with rougher channel surface (by using a larger
Manning’s coefficient value) comparing to solely structure enlargement (Figure 34).
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Figure 33: Profile plot of Reach 18 from model 1 simulation with proposed channels from manual calculation.

Table 21: Hydraulic results of Reach 18 from model 1 simulation with channel’s width enlargement (from
initial 0.6m to 1.2m).

Chainage (-): 0-13 13-24 24-36 36-49 49-61 61-76 76-104 104-131 131-157
Length (m): 12.67 11.31 12.34 12.80 11.63 14.71 2772 27.33 26.54
Size (HxB): 0.95x1.20 | 0.95x1.20 | 0.95x1.20 | 0.95x1.20 | 0.95x1.20 | 0.95x1.20 | 0.95x1.20 | 0.95x1.20 | 0.95x1.20
Slope (%): 5.49 8.53 12.83 9.90 17.14 19.07 21.59 18.74 11.95
Up Invert (m]: 80.37 79.30 78.33 76.75 75.48 73.49 70.68 64.70 59.58
Dn Invert (m): 79.30 78.33 76.75 75.48 73.49 70.658 64.70 59.58 56.40
Surface roughness (-): 0.014 0.014 0.014 0.014 0.014 0.014 0.014 0.014 0.014
Max Vel {m/s): 539 540 6.17 567 6.76 701 730 6.97 6.03
Max Depth (m): 0.17 0.17 0.15 0.16 0.13 0.13 0.12 0.13 0.15
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Figure 34: Profile plot of Reach 18 from model 1 simulation with increased channel’s surface roughness
(increase Manning’s coefficient from 0.014 to 0.024).

The result of the initial simulation in Reach 7 (Figure 35) illustrated that a surcharge flow occurred only in flatter
terrain of Reach 7 (chainage 108-117m). Due to the low channel longitudinal slope in chainage 108-117m, the
discharge capacity in this channel was lower comparing to the rest of the channels within the same Reach. Under
those circumstances, surcharge flow occurred in chainage 108-117m because the peak inflow was greater than
the channel’s discharge capacity. Moreover, the surcharge flow induced back water in the upper chainage, this
was observed by the high flow depth in chainage 100-108m.

Knowing that surcharge flow occurred in chainage 108-117m due to its low discharge capacity, a larger channel
was incorporated to chainage 108-117m to analyse the effectiveness of increasing the flow capacity. It was
noticed with slight channel width enlargement (from 0.3m to 0.4m) in chainage 108-117m, the surcharge flow
earlier occurred in the channel was mitigated (Figure 36 below), however, high flow depth still retained in the
channel. Moreover, with increasing enlargement of the channel, the flow depth can decrease more.

In addition, having enlargement in the channels upstream, there was no increase in efficiency of reducing the
flow depth in the channels downstream. Thus, it is rather more efficient to solely have enlargement in the
channels where an increase flow capacity is needed to alleviate surcharge flow.
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Figure 35: Profile plot of Reach 7 from model 1 simulation with proposed channels from manual calculation.
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Figure 36: Profile plot of Reach 7 from model 1 simulation incorporated with channel width enlargement at
chainage 108-117m.
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To illustrate the effect of channel slope on the discharge capacity in the channels, the model was simulated using
the initial proposed channel size but with an increase channel slope in chainage 107-118m by altering the inlet
and outlet’s invert elevations. By doing so, the channels’ slope further downstream can reflect a decrease
depending on the transition of channel the invert elevation modification. The changes made on the channel
downstream (chainage 108- 148m) in Reach 7 and the result of the simulation is presented in Figure 37 below.
The result showed an increase in discharge capacity in chainage 108-117m, and the surcharge flow was
alleviated. In addition, the flow capacity of the downstream channels was more efficient in discharging the storm
water runoff comparing with having structure enlargement. This can be observed by the flow depth in the
channels (refer to Figure 36 and Figure 37 for the comparison).
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Figure 37: Profile plot of Reach 7 from model 1 simulation with channel slope improvement.

Since alteration of the channels’ characteristics was undertaken to rectify the hydraulic problems such as the
occurrence of surcharge flow and high flow velocity, this changes the hydraulics of the network system as a
whole. The improvement of the channel network reflected time delay of the critical duration during the storm
event; due to the reduced of flow velocity in the channels. Since widespread of the channels’ longitudinal profile
are steep, only a slight time delay was noticed within the network system. Furthermore, an increase of peak flow
was observed releasing out into the network system, this occurred because the occurred surcharge flow is
alleviated. In the event when surcharge flow occurred in the network’s channels, storm water runoff was stored
temporarily in the channels during the storm event’s peak runoff and this water was not released out of the
network during the critical duration, but it’s rather released at a slower rate and a longer period during the storm
event. For an illustration of the defined hydraulic changes in the network system, refer to Figure 38.
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Figure 38: Hydrograph of the system’s network for the initial

model 1 simulation verses the adjusted model 1 simulations
(because of flooding and undesirable velocity) for the 10-year

Comparison of Model 1 results with manual rainfall runoff and storm drain calculation results

Using the results presented earlier in this chapter, the comparison of both the rainfall and hydraulic analysis from
the manual and hydrodynamic model of the drainage network can be compared between each other. To do so,
reach 7 and reach 18 is taken for the comparison, and using their related hydrograph simulated from model 1 for
the comparison (Figure 39 below)
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Figure 39: (a) Hydrograph at Reach 7 and (b) hydrograph at Reach 18 from the adjusted model displaying the
peak runoff versus the rainfall duration for 10-year storm event.

The critical duration of the 10-year storm event in the hydrodynamic modeling for Reach 18 was 0.27 hours
(16.2mins) and the peak runoff occur during this duration was 1.12m"s (refer to Figure 39 above). Whereas, in
the manual calculation the critical duration (can also refer to as the time of concentration 7¢,) was 15.6
minutes and the peak runoff at this duration was 1.52m’/s (refer to Table 17). The reason behind a larger peak
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runoff resulted in the manual calculation for Reach 18 can be explained by the shorter critical duration
comparing to the hydrodynamic modelling result.

As mentioned earlier in chapter 4.2.1 and 5.2.1, the shorter the duration for a given storm event, gives a greater
average rainfall intensity, whereas, the longer the length of the storm, the lower the storm average rainfall
intensity is found to be. A shorter critical duration obtained from the manual calculations resulted in a larger
rainfall intensity which in turn increases the peak runoff during the storm event. This can be seen in Table 22,
by using the mentioned critical duration obtained from the hydrodynamic modelling and using the carried-out
method for the manual calculation.

Table 22: Comparison of critical duration (or 7¢) influencing the rainfall intensity and peak runoff between the
manual calculation and the hydrodynamic modeling for Reach 18 using the manual calculation method.

Rainfall Runoff
Cum. runoff area Tc Rainfall intensity | Peak runoff
(m’) (min) (mm/hr) (m’/s)
Initial manual 42,397 15.60 128.4 1.51
calculation result
Result of the manual 42,397 16.2 126.5 1.49
calculation using 7c¢
from Model 1

It can be observed that the peak runoff decreased when the 7¢ from the hydrodynamic model was used. Despite
the critical duration of the storm event had an influence on both the rainfall intensity and the peak runoff. The
result of the peak runoff between the manual calculation and the hydrodynamic modelling for Reach 18 was still
different. The reason for this can be explained by the runoff characteristic from the contributing sub-catchment
area that is discharged into the Reach.

In the manual calculation, the peak runoff was resulted from overland flow from all contributing area discharging
into the Reach from the most distant point (define by the 7¢) at the same time. Whereas, in the hydrodynamic
modelling the overland flow from the contributing area discharges in the Reach accordingly to their travel
distance to the Reach during the rainfall event. Meaning, overland flow from contributing area that are closer to
the Reach will start discharging into the Reach when the soil is saturated. Furthermore, the overland flow from
the contributing area that are further will takes a longer time and will enter the Reach at a longer time. Therefore,
the peak runoff in the hydrodynamic modeling resulted less comparing to the manual calculation because the
runoff from the contributing area may not necessarily enter the Reach at the same time but when they do some
of the stormwater has already left the Reach.

The illustrated mentioned point, reach 7 is used to demonstrate the effect of peak runoff between the manual
calculation and hydrodynamic modelling without overland runoff from multiple sub-catchment contributing to
the Reach. This Reach solely convey overland runoff from sub-catchment F2 and the results from both the
manual calculation and the hydrodynamic modelling for the peak runoff in this Reach was 0.17m3/s (refer to
Figure 39a for the hydrodynamic result and Table 17 for the manual calculation result). The contributing
overland flow contributing to Reach 18 and Reach 7 is shown in Figure 40 below.
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(a) (b)

Figure 40: Contributing overland runoff entering in Reach 18 (a) and Reach 7 (b) used for the manual
calculation and hydrodynamic modelling.

As mentioned earlier in chapter 4.2.2 , the longitudinal slope for a reach was determined the elevation difference
between only 2 points i.e., the inlet and outlet of the reach. Whereas in the hydrodynamic modelling the reaches
used chainages to represent the changes in longitudinal slope accordingly to the terrain. Hence, to compare the
flow depth in the drainage structure pertaining to the Reach, a particular chainage within the reach from the
hydrodynamic modelling must have the same or similar longitudinal slope used in the manual calculation.

From the manual calculation the flow depth in the drainage structure of Reach 7 was observed to be 0.27meter
(refer to Table 17), whereas in the hydrodynamic modelling the flow depth in chainage 0-8m of Reach 7 was
0.28meter (refer to Figure 35). The reason for the flow depth in the drainage structure of the hydrodynamic
model was higher is because of small difference in the longitudinal slope used comparing to the manual
calculation. In the manual calculation the longitudinal slope used for Reach 7 was 2% whereas in the
hydrodynamic modelling the longitudinal slope for Reach 7 in chainage 0-8m was 1.86%. As explained earlier,
with a larger longitudinal slope in a drainage structure a higher discharge capacity is observed (due to potential
increase in travel velocity) comparing to a drainage structure with a smaller longitudinal slope. The influence of
the drainage structure’s discharge capacity on the flow depth can be explained by the continuity equation for
fluid mechanics expressed in terms of discharge (or flow rate) E.q. (13).

Q=Ax*V (13)
Where:
Q= discharge capacity (1 /s); A= wetted area (ni’); V; flow velocity (m/5s)
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To explain how E.q. (13) influences the flow depth in the channel, the flow in the structure is assumed to be
steady uniform (flow at a given section remains close to constant).

E.q. (13) defines the discharge of the drainage structure which is the product of its velocity by the wetted area
(depth of the water by the width of the structure) and by assuming the flow is steady uniform in the structure,
the discharge remained constant even when the structures cross sections, longitudinal changes and surface
roughness changes. It only reflects different flow velocity and wetted area in the drainage structure.

The Manning equation defined in E.q.(8) was used in this research for the structure’s hydraulic capacity
calculation as the Manning’s equation considered the mentioned paraments (structures cross sections,
longitudinal changes and surface roughness). Since both the manual calculation and the hydrodynamic modeling
for the peak runoff result was 0.17m’/s and used the same drainage structure section and surface roughness
(defined by Manning’s coefficient) but different longitudinal slope. Because the longitudinal slope used in the
manual calculation was greater than in the hydrodynamic modelling for Reach 7, this reflected a larger flow
velocity and a lower wetted area (flow depth because the structure width is constant) in the structure.

For the comparison of the manual calculation with the hydrodynamic modelling result in the structure’s flow
depth regarding in Reach 18, chainage 131-157m in Reach 18 was taken from the hydrodynamic modelling for
the comparison. The structure’s flow depth in Reach 18 from the manual calculation was 0.34m (refer to Table
20) and the flow depth in Reach 18 chainage 131-157m from the hydrodynamic modelling was 0.27m (refer to
Figure 33). The reason the structure’s flow depth obtained from the manual calculation was higher than the result
obtained from the hydrodynamic modeling, due to the peak runoff difference. With larger peak runoff, both the
velocity and wetted area increase when the structure’s characteristics (i.e. Cross-section, longitudinal slope and
surface roughness) remained the same. This was the case, because chainage 131-157m in Reach 18 used for the
comparison had the same structure’s characteristic used in the manual calculation. However, the result of the
flow velocity in both the manual calculation and the initial model from the hydrodynamic in Reach 18 had
exceeded the permitted value (of 6m/s) defined in the program of requirement. Because of this, alternative such
as increasing the surface roughness had been undertaken to reduce the flow velocity in the Reach. With flow
velocity decreased in the structure the flow depth increased and this can be seen in the ‘adjusted model’ for
Reach 18 (refer Figure 34) having a higher flow depth in comparison to both the initial model and the manual
calculation.

Model 2: Current development scenario using SCS Method for the dynamic rainfall analysis

As mentioned in the previous chapter, presently stormwater runoff is solely conveyed by the roads in the current
situation for Waymouth Hills. Hence, to simulate the hydrodynamic model of the existing system, transversal
and longitudinal profile of the roads were generated from field survey data. However, roads where field surveyed
data was not available, such as Mount Pele Hill Road and Mount Souffiere Road, a contour map was used to
generate those data.

Moreover, in the present situation Reach 20,21 and 22 are overland flow. Thus, theses Reaches were included
in the model since runoff from contributing Reaches are converged to and travel in these directions. These
Reaches (20, 21, and 22) was modelled as natural channel using a Manning coefficient of 0.14 and the width of
channel was 2 meters by a 0.2 meters channel depth. The result of the simulation for the existing system are
presented in Figure 41 and 42. The sectional and longitudinal properties of the road section used for the
simulation are given in Appendix D.
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The simulation of this model was carried by using the CN for each catchment by determining the degree of built
area. The CN values incorporated in this model for the runoff simulation are presented in Table 4C (Appendix
C).
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Figure 41: Overview of the modelled existing system’s  Figure 42: Overview of the modelled existing system’s

channels and their related capacity (the green link channels and their related flow velocity at critical duration
indicates the location of the Reaches modelled as of 2:05 hr (shown in the hydrograph; bottom left) during
natural streams) from model 2 simulation. 10- year storm event from model 2 simulation.

The occurrence of the surcharge flow in the system indicated in Figure 41 can be explained by the transversal
section road profile presented in Figure 43 below. Road that consist of small undermined section, storm water is
converged in, these sections are inadequate to convey the storm water and overfilling to the top of the road
surface. Overtime, with consistent storm water overflowing on the road, the undermined section becomes wider
and deeper. However, road sections that has transversal slope outwards, storm water runs off the road and flows
out to the hill side.

Since, the existing roads tend to have wider and irregular shape and being partial paved and unpaved, storm
water flowing in them has a larger flow boundary and rougher surface in which it travels through. As a result, it
can be observed that the flow velocity in the system does not exceed 3m/s even in Reaches with steep longitudinal
slope (refer to Figure 42 for the flow velocity in the drainage system). The typical flow hydraulics of the existing
system can be observed with the profile plot of Reach 18 presented in Figure 43 below, while all the modelled
Reaches for the current development scenario are presented in Appendix D.
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Figure 43: Cross-sections used to model the drainage structure in Reach 18 for the current development scenario.
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Figure 44: Profile plot of Reach 18 from model 2 simulation with existing road sections as drainage structure

Model 3: Future urban development scenario using SCS Method for the dynamic rainfall analysis

This model of the future urban development scenario was simulated with the adjusted critical channels (with
reference to Figure 30 and 32) from model 1. The result of the simulation displaying the systems’ network is
illustrated in Figure 46 and 46. The designed channels satisfied both the discharge capacity and the flow velocity

respectively for the 10-year storm event.
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With resurfacing of the road pavement and channelization of storm water runoff into drains, it can be observed
that the channel’s flow velocity is greater in the future urban development’s drainage network (with reference
to Figure 42 and 47). Whereas, storm water runoff in the existing system was conveyed by the roads and acted
like natural streams. The increase of the channel’s flow velocity can also be seen by the longitudinal profile
plot of Reach 18 presented in Figure 49 below for the future development scenario simulation (refer to Figure
44 for the profile plot of Reach 18 of the existing development scenario for the comparison). All the modelled
Reaches for the future development scenario with dynamic rainfall simulation (Model 3) are presented in
appendix D.
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development system’s channels and their related system’s channels and their related flow velocity at critical

capacity from Model 3 simulation. duration of 2:05 hr. (shown in the hydrograph; bottom left)

during 10- year storm event from Model 3 simulation.
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Figure 47: Profile plot of Reach 18 from model 3 simulation with adjusted channels used from model 1.

Comparison of the effect between stationary with the dynamic rainfall on the future urban development
scenario

The comparison of the stationary rainfall event (SRE) and the dynamic rainfall event (DRE) pertaining to the
future urban development scenario is carried out by using hydrograph at Reach 18 simulated from Model 1 and
Model 3 respectively.

As shown in Figure 48 below, it can be noticed that the critical duration of the 10-year storm occurred in Reach
18 from the SRE simulation was shorter at 0.17hrs (16.2min) comparing to DRE simulation which occurred at
2:05 hrs. However, the peak runoff at that duration between the SRE and the DRE had little to no significant
difference (1.12m’/s for SRE and 1.13m’/s for DRE).

Due to the lack of spatially continuous and accurate long-term precipitation dataset over Sint Maarten. A more
precise dynamic rain dataset could not be incorporated for the DRE simulation. For this reason, the IDF curve
values of Sint Maarten was incorporated into the DRE simulation in Model 3 which was also used for the SRE
simulation for Model 1. Hence, this explains the little to no changes of the peak runoff between both the SRE
and DRE model simulation.

Because the peak runoff between the SRE and the DRE simulation was relatively similar, this did not reflect any
hydraulic problem such surcharge flow and or undesirable velocity in the storm drains for the future urban
development from the Model 3 (refer to Figure 46 and 46). However, with the longer storm duration from DRE
this might have an impact in downstream channel (such as the Dutch Cul de Sac stream) particularly in the lower
lying channels because the volume of storm water runoff will be larger (comparing to the SRE simulation) and
discharged in it.
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Figure 48: Hydrograph at Reach 18 displaying the peak runoff versus the rainfall duration of the SRE (a) and
the DRE (b) for the for 10-year storm simulation from Model 1 and 3 respectively.

Comparison of the hydrologic effect between the current development scenario with the future urban
development scenario

With increasing development expected in the Waymouth hills, large proportion of the surfaces becomes
impervious due to the development (such as of paved roads, parking lots and building). As a result, storm water
is prevented from infiltrating into the ground and the storage capacity of the soil is reduced (Table 23).

Table 23: Infiltration & runoff volume for the current development scenario vs future urban development

scenario
Total Current development Future Urban development
Infiltration (m’) 10,717 10,231
Runoff (m’) 4,228 4,419

The values presented in Table 23 shown above were generated from Model 2 and Model 3. Both of these
models used their respective calculated CN value representing the degree of development in the sub-
catchment for both the scenarios. In the current development scenario, it was measured and found that
20,238m’ (13.7% of the total catchment area) is impervious occupied by housings and existing road infrastructure
in the current development. Whereas in the future urban development scenario it was calculated and found that
31,550 m2 (21.3% of the total catchment area) will be impervious occupied by housings and future road
infrastructure after if the full potential of the Waymouth Hill is built. This increase in development for the future
development scenario showed a larger CN value when comparing to the current development scenario and yield
higher runoff as shown Table 23. Refer to Table 7C and 8C (Appendix C) for the hydrologic effect (i.e.
infiltration and runoff volume) from each sub-catchment for the current and future urban development scenario
from the simulation of their respectively CN value for the 10-year storm event. Under the circumstances of
increased impervious area and higher runoff volume from the future urban development this leads to higher peak
flow rates in the network system (Figure 49 below).

UNIVERSITY %

OF APPLIED SCIENCES




Design Feasible Storm Water Drainage for Urban Development of The Waymouth Hills

T=10 yr
25
@ 20 '1
o -~ \ Current development Scenario
g’ Future urban development Scenario
Q15 ] |
E) 4
m©
=
g 10 .
o
0.5
A 1
0.0 || | s N J S _ )
0 1 2 3 4
Rainfall duration (hrs)

Figure 49: Hydrograph of the system’s network outflow rate for the current development scenario versus the
future urban development scenario for the 10-year storm event.

Comparison of the hydraulic effect of the stormwater runoff between the current development scenario with
the future urban development scenario in the Dutch Cul de Sac Stream

In the report St Maarten Stormwater Modelling Study (Vojinovic & Bonilo, 2006), it described the Dutch Cul
de Sac stream consisted of lined channels and natural waterways which stretches 3275 meters until it discharges
into the Fresh Pond, moreover this stream conveys stormwater runoff from a total area of 617 ha. Figure 50
below illustrating the stormwater flow network into the stream.

To illustrate the mentioned runoff effect from both the development scenarios in the Dutch Cul de Sac stream,
only the relevant sections of the stream was incorporated in the modelling. Since modelling the full extent of
this stream is out of the project scope. The sectional and longitudinal property of this stream incorporated in the
modelling are presented in Table 24 below obtained from the report ‘St Maarten Stormwater Modelling Study’
(Vojinovic & Bonilo, 2006).

Table 24: Cross section and longitudinal section properties of the Dutch Cul de Sac channels incorporated in
the modeling (Vojinovic & Bonilo, 2006).

Cross section (m) Longitudinal section (m) Characteristic
Chainage Top Bottom Depth Up Invert Dn Invert | Length
a5 - 2.00 2.00 1.25 56.40 54.54 50 Lined channel
a0 300-680 6.00 3.50 1.20 54.54 39.54 380 Natural waterway
a0 680-942 4.60 1.00 1.20 39.54 33.00 263 Natural waterway
a0 942-1250 4.80 1.10 1.30 33.00 28.00 307 Natural waterway
a0 1250-1458 4.00 2.70 1.20 28.00 19.00 208 Natural waterway
a0 1458-1781 8.00 1.00 2.25 19.00 17.00 304 Natural waterway
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Figure 50: Map of the Dutch Cul de Sac displaying the stormwater flow network into the Dutch Cul de Sac
stream (Vojinovic & Bonilo, 2006).

As mentioned earlier in this chapter, there were 4 outlets in which stormwater discharges out from the Waymouth
Hill’s drainage network. Reach 18 can be considered as the main outlet since it conveys 50% of the study area’s
storm water runoff and contributing to the headwater (or upstream) of the Dutch Cul de Sac stream. Whereas,
Reach 3 conveys 16% and Reach 15 conveys 20% of the total runoff from the Waymouth Hills catchment. The
storm water runoff from Reach 3 and Reach 15 are also discharged into the Dutch Cul de Sac stream but further
downstream at a0 chainage 942m. Finally, reach 10 conveys 14% of the total runoff from Waymouth Hills and
does not contribute into the Dutch Cul de Sac stream this Reach discharges into the Lower Prince Quarter
catchment. Figure 51 and 52 below illustrate the effect of the stormwater runoff in the Dutch Cul de Sac stream
for both the current development and future urban development scenario simulation.

By comparing the both results illustrated in Figure 52 and 53 above, it can be observed that the excessive runoff
from the future urban development the flow depth and flow velocity in the Dutch Cul de Sac stream increased.
Moreover, a larger increased in flow depth was observed in the flatter terrain channel (at chainage 1458-1782m)
of the stream.

Despite an increase of both flow depth and flow velocity is seen in the Dutch de Sac stream, it can be noted that
this excessive runoff did not have a significant impact in the stream. This can be explained by its relatively large
channel sections comparing to the ones used for the study area. This stream was designed to convey stormwater
runoff from a total area of 617ha and whereas the runoff from the Waymouth Hills encompass of 16.4 ha, which
is only 3% of the total runoff it is conveying.
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Figure 51: Profile plot of the Dutch Cul de Sac stream with present development stormwater runoff from 10-
year storm event (with hydrograph at chainage a0 1458-1782m of Dutch Cul de Sac stream).
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Figure 52: Profile plot of the Dutch Cul de Sac stream with future development stormwater runoff from 10-year
storm event (with hydrograph at chainage a0 1458-1782m of Dutch Cul de Sac stream).
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Assessing the potential benefit of having a detention pond

In order to assess the benefit of a potential pond for the excessive stormwater runoff in the Dutch Cul de Sac
stream, the hydrodynamic model for the future urban development scenario (Model3) has been altered to
incorporate such structure. The pond was introduced along the upstream of the Dutch Cul de Sac stream chainage
a0 300-680m (Figure 53 below). The pond was modelled with a storage area about 980 m2 with an invert level
at 51m with the top of the pond at an elevation of 53.5m. The inflow to the pond was modelled through chainage
a5 (i.e. runoff from Reach 18 flow into), and the outflow of the pond was discharge into chainage a0 350m. In
order to simulate the pond outflow structure an orifice and a weir has been introduced at the end of the pond
close to chainage a0 350m. A rectangular orifice of 0.4m width by 0.40m height was modelled, with the invert
level at 5S1m and the crest level 53m. Moreover, a rectangular weir with a width of 1m, the crest level was set at
elevation 53 m, which is 1.5m higher that the invert level of the pond.

Figure 53: Location of the modelled detention pond

With the detention pond placing at the headwater of the Dutch Cul de Sac stream it reflected a decrease peak
flow rate downstream of the Dutch Cul de Sac stream. The overall reflected decreased peak flow discharge
downstream at chainage a0 1458-1782m from 1.10m’/s to 0.80m’/s for the future urban development scenario
(Figure 55a below). Moreover, a larger decreased of peak discharge rate can be seen in chainage a300-1250m
from 1.27m’/s to 0.37m’/s (Figure 54b below). The reason for this can be explained by the stormwater from
reach 18 is directly discharged into the pond and the peak flow discharge entering chainage a0 300-600 is
controlled by the orifice and weir, whereas in chainage a0 1478m the peak flow discharge also includes the
runoff from Reach 3 and 10 from the Waymouth Hills which was discharged into the Dutch Cul de Sac stream
at chainage a0 1250m (further downstream which was not detained in the pond). Refer to Figure 55 below to see
the profile plot of the Dutch Cul de Sac stream for the describe hydraulics.
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Figure 54: (a) Hydrograph at chainage a0 1458-1782m and (b) hydrograph at chainage a0300-680m of the Dutch
Cul de Sac stream for the future urban development with pond versus the future urban development without

pond for the 10-year storm event.
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Figure 55: Profile plot of the Dutch Cul de Sac stream with the detention pond (with hydrograph at chainage a0

1458-1782m of Dutch Cul de Sac stream).

The peak outflow regulated by the outlet control structure in

the pond can be said to be from the orifice since the

max surface water level in the pond obtained was 51.7m. Moreover, the outflow of orifice starts to discharge as

soon as storm water enters and detained in the pond during the stormevent, this outflow increases with increasing
water depth in the pond. Moreover, the peak outflow discharge from the orifice (0.37m3/s) occurred when the

surface water level in the pond raised to an elevation of 51.7m. This can be seen in Figure 56 below.
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Figure 56: (a) Hydrograph of the pond displaying the water depth in respect to its elevation versus the rainfall
duration and (b) hydrograph of the orifice displaying the peak discharge versus rainfall duration.

In order define the limit of the pond and illustrate the benefits of the weir and addition inflow is incorporated in
the model. The inflow is taken from the runoff of the South Rewards, since the runoff from this area also
discharges into the headwater of the Dutch Cul de Sac and convey in this stream. The characteristic of this
catchment area was simulated with an area of 38 ha and using the same dynamic rainfall event. Two simulations
were carried out, one was to assess the effect downstream at chainage a0 1458-1782m of the Dutch Cul de Sac
from addition runoff and another was to assess the benefit and the limit of the pond with addition runoff detained
in the pond.

With the additional runoff from the South Cul de Sac, max rise of the pond water level was at an elevation of
53.3m. This rise of the pond water level was cause by the large inflow rate of the addition runoff detained in the
pond greater than the outflow of the orifice. In the event of this, overflow over the weir occurred at 53m at which
the crest level was set, the peak outflow discharged into the Dutch Cul de Sac stream was greater during this
peak water level rise can be observed. This prevented overtopping occurring in the detention pond (Figure 57).
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Figure 57: (a) Hydrograph of the pond displaying the water depth in respect to its elevation versus the rainfall
duration and (b) hydrograph of the orifice displaying the peak discharge versus rainfall duration with addition
runoff from South reward catchment detained in the pond.
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By channeling additional runoff into the pond, the peak flowrate in the downstream at chainage 10-1458-1782m
of the Dutch Cul de Sac stream reflected a decreased from 3.6m’/s to 2.1m’/s (Figure 58). The hydraulic of the
additional runoff in the Dutch Cul de Sac stream are illustrated in Figure 59 and 60 below.
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Figure 58: Hydrograph at chainage a0 300-680m of the Dutch Cul de Sac stream for the future urban
development with pond versus the future urban development without pond for the 10-year storm event with
addition runoff from the South Rewards catchment.
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Figure 59: Profile plot of the Dutch Cul de Sac stream with the detention pond (with hydrograph at chainage a0
1458-1782m of Dutch Cul de Sac stream).
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Figure 60: Profile plot of the Dutch Cul de Sac stream with the detention pond (with hydrograph at chainage a0
1458-1782m of Dutch Cul de Sac stream).

The overview analysis of the upstream and the intermediate downstream of the Dutch Cul de Sac from the
simulations presented in this chapter that the Dutch Cul de Sac stream was sufficient of conveying the excessive
rainfall runoff from the future urban development of the Waymouth Hills. Moreover, this include the addition
runoff from the South Rewards catchment. This analysis can also be compared with the channel capacity of the

Dutch Cul de Sac from the report ‘St Maarten Stormwater Modelling Study’ (2006) presented in Figure 61
below.
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Figure 61: Map of the Dutch Cul de Sac illustrated the system network in respect to its channel capacity for
different storm return period (Vojinovic & Bonilo, 2006).

Figure 61 illustrated that the channel capacity in the Waymouth Hills has a potential to convey stormwater runoff
from a 100 year-storm event this, capacity can be explained by the steepness of the terrain in the Waymouth
Hill. From the results presented earlier in this chapter (with reference to Table 20 ), it can be noted in the channel
such as Reach 18, 20, 21, and 22 the flow depth occurred in these channels were relatively low and comparing
to their respective channels. With the extra free board (distance between the normal water level in the structure
to the top of the structure) and steep channel slope characteristics in these channels not doubt that they can
convey additional excessive runoff from heavier rainfall than the design 10-year storm event. On the other hand,
in the event of a larger storm event occurs significant increase in the flow velocity in these channels can be
expected and this will heavily affect the downstream channels in the Dutch Cul de Sac stream.

In the report ‘St Maarten Stormwater Modelling Study’ (2006), DEM (digital elevation modelling) were used
to map the potential flood hazard in the Dutch Cul de Sac area presented in Figure 62 below. During the 10-year
storm event, severe flooding can be expected in the downstream of the Dutch Cul de Sac in the future when the
entire region of the Dutch Cul de Sac region is developed.

The result of this flooding can be concluded as result from excessive runoff due to future development.
Additionally, insufficient capacity of the downstream channels which are only limited to convey stormwater
runoff for 5-year stormevent.
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For this reason, by inducing the detention pond at the headwater of the Dutch Cul de Sac stream the peak flow
rate entering into the downstream can be controlled. This reduces overwhelming of the channels with lower
conveyance capacity during heavy storm events.

Figure 62: Flood hazard Map for 10-year storm event for future development condition (Vojinovic & Bonilo,
2006). .
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6. Conclusion and Recommendations
6.1. Conclusions

The purpose of this research study was to determine the most optimal stormwater drainage solution that can best
be used for the future urban development in the Waymouth Hills. The analysis of the current situation in the
Waymouth Hills concluded that stormwater runoff is solely conveyed by its current road infrastructures. These
roads are partially paved and unpaved, and it is inadequate to convey the storm water runoff. Furthermore, these
roads are constantly undermined from the runoff.

The requirement for the new stormwater drainage system was to convey stormwater runoff for a 10-year storm
event with a structural life span of 50 years. The 10-year stormwater runoff entering in to the drains are limited
to a maximum filling of 75% in them. Furthermore, the maximum flow velocity in the drains is restricted to
6m/s.

A multi-criteria analysis (MCA) was performed to derive the most feasible stormwater drainage that can be used
for the future urban development for the study area. Three selected alternatives (i.e. open ditch, concrete U-
gutter, and underground drains) were evaluated by using formulated criteria based on the project specifications
and limitations. The alternative concrete U-gutter scored the highest with 3.3 points, followed by open ditch and
underground drains with 2.7 and 2.5 points respectively. Furthermore, the sensitivity analysis of the MCA
showed that the results of concrete U-gutter can be considered to be relatively robust. Hence, this concludes that
the concrete U-gutter is the best choice for the study area.

The development in the current situation occupied by 20,238m’ (13.2%) of impervious surface whereas in the
future urban development the impervious surface cover 31,550 m” (21.3%) of the total study area. This increase
in impervious area reflected a larger stormwater runoff volume from 4241m’ to 4463m’ for the 10-year
stormevent. Furthermore, the peak flow rate in the storm drain also increased from this runoff. This peak flow
rate was used to calculate the stormdrain’s size for the respective location in which it was discharged into.

The analysis between the stationary and dynamic rainfall for the 10-year storm event simulation illustrated that
the critical duration occurred at 0.17 hr. where as in the dynamic rainfall it occurred at 2.02hr in the study area.
On the other hand, the peak runoff from both rainfall events showed no significant differences in the storm drains
(such as in Reach 18 the peak runoff was 1.12m3/s and 1.13 m3/s respectively). As a result of this, both flooding
and undesirable velocity did not occur in the new determined storm drains.

The assessment of the flood prone area in the Dutch Cul de Sac area resulted from low channel capacity in the
downstream channels of the Dutch Cul de Sac which are only limited to convey stormwater runoff for a 5-year
storm event. Additionally, with increasing development expected in the Dutch Cul de Sac region in the future,
excessive rainfall runoff can reflect a more frequent and severe flooding. Having a detention pond at the head-
water of the stream can decrease the severity of the flooding, since it can decrease the peak flow rate discharging
into the downstream systems.

The full extent of the climate change impact on the stormwater runoff and in the storm drains in the Waymouth
Hills could not be determined in this research, however it was noted that warmer temperature, less rainfall but
heavier intensity storm events are expected.
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6.2. Recommendations

Multiple storm return event should be simulated in a hydrodynamic modelling program so that the impact on the
drainage system can be analyzed and preventative measures can be proposed for such events that occur in the
study area and area that are considered to be flood prone.

Stricter building regulations and inspections should be carried out in the building sector as many building
structures were situated beyond their parcel boundary. This can restrict the potential of new road infrastructures
and drainage infrastructure.

On-site-detention on each lot could be used. In certain parts of the world (e.g., Australia) such systems have
proved to be capable of proving temporary storage of stormwater runoff from new developments and resisting
discharge from property to a rate that existing channel are capable of accommodating. This would include the
process of constructing the reservoir/ detention facilities within the properties area, to prevent excessive
discharge from the new development.

It is recommended to have the detention pond at the head water of the Dutch Cul de Sac stream since it does not
only store excessive stormwater runoff but also regulates the peak outflow to the Dutch Cul de Sac stream. This
is already an area that is vulnerable to flooding particularly in the low-lying area. Such a pond could also serve
as a recreational facility, by landscaping it to be visually attractive and sympathetic with the environment. It
could also serve as a playground and picnic place with designated parking lot. Only in the case of heavy storm
the lower part would be flooded and then take over the function of a detention facility.

In addition to any of the above measures, maintenance and cleanup of all waterways or channels and culverts
should be done on a regular basis. This is particularly necessary after each storm event so that the amount of
erosion material and sediments is maintained at a minimum level.
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1. Introduction

The current infrastructure in the Waymouth Hills is predominantly with unpaved and partially paved
roads. Stormwater runoff are confined to and is conveyed by these roads. Moreover, these roads are
often heavy eroded from the runoff, due to its inadequate hydraulic capacity and the non-existence of
any storm water drainage structure in the Waymouth Hills. For the purpose of this research, a MCA
was conducted to identify the most feasible stormwater drainage system, that can be used for the
Waymouth Hills. To do so, three viable alternatives have been set up, to evaluate and compare the
alternatives against each other. The comparison of the alternatives is based on criteria in relevance to
the established project specifications. Weights are assigned to each criterion in order to highlight their
importance in the MCA. The evaluation of each alternative was scored (i.e. through rating) by assessing
how well they perform with respect to each criterion and a pre-defined scale is used for this. The
alternative that received the highest score is the alternative that (in overall) is associated with the most
positive grading (i.e. the most proffered among the selected alternatives).



2. Identified alternatives

Three alternatives been drawn up and incorporated for the MCA. These alternatives were proposed to
reflect the defined problem of this research. The determined alternatives used for MCA is as follows:
(Open ditch, Concrete U-Gutter, and Underground drain)

Alternative 1

The first alternative is by using open ditch along the road. Open ditch is constructed on the lining of the
road where storm water runoff is collected and conveyed from surface runoff from subcatchment areas
and from road pavement. Open ditch can have a V-shaped ,U-shaped and or trapezium shaped channel
section. The shape or the slope in which the open ditch can be use is heavily dependent on the soil
properties be such that the banks do not collapse when over-saturated. The construction for this type of
drainage can be relatively easier and cheaper to construct comparing to other stormwater drainage. Due
to the necessity of having slopes for its stability, it requires more space. In areas where the terrain profile
is steep scouring or undercutting on the bottom and sides of the channel may occur. This result of
transporting debris and may block the drainage downstream. This type of storm drainage not only

require more frequent maintenance of the bank but also the downstream drainage.
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Figure 1A: Alternative 1 (Open ditch)

Alternative 2

The second alternative is by using concrete gutter. This type of storm water drainage works similarly
to the open ditch and it is constructed on the lining of the road. Concrete gutter can have any desire
shapes and does not require side slopes depending on the shape of the channel used. Square and
rectangular concrete gutters are mostly used in urban areas because it utilizes the road space more
efficiently. This type of drainage can be constructed in cast in situ or precast concrete and due to its
durability, erosion of the channel is significantly lower comparing to open ditch.
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Figure 2A: Alternative 2 (Concrete U-Gutter)

Alternative 3

The third alternative is by using underground drains. This type of storm water drainage is mainly used
from precast concrete or plastic elements. It is built beneath the centre or on the sides of the street. This
type of drain is mainly use in urban areas and city centre, where very limited space is available. Having
this type of drain utilizes the space road more efficiently. This type of drain can used for storm water,
waste water purposes and or combined. For storm water drainage purpose, storm water is collected or
fed by side inlets from the street curb and grated inlet.
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Figure 3A: Alternative 3 (Underground drain)



3. Identified alternatives

Six criteria have been formulated for the comparison of the alternatives which would best reflect the

important aspects that was required to achieve the goal and objectives of the study. The criteria that

were chosen for the evaluation is describe below Table 1A.

Table 1A: Summary of the criteria used for the MCA

Criteria Parameter analyzed Description
Investment cost e Land cost o Different alternatives may require different amount
e Material and construction of land area for construction — estimation of the land
cost costs
e Estimation of construction- and material cost for
building the stormwater alternative on site.
Maintenance e Operation- and | e Estimation of the frequency of maintenance
cost maintenance costs of the required for each alternative and the cost for such
system activity.
Environmental e Impact on wurban soil | e Estimation of effect on soil quality on site, sediment
impact quality and  erosion retention and erosion potential.
potential e Potential for change in biological diversity at site.
e Impact on the ecological
habitat
Design aspects o Complexity of | e Different alternative may require specific type of]
construction activities, machinery and equipment
Structural e Lifespan and reliability of | e Estimation of lifespan of system and measure of]
reliability structure strength
Implementation e Duration of | ¢ [Estimation of the duration required for the
time implementation implementation of each alternative.




4. Identified criteria’s weight

The weight of the criteria reflects the of importance of the criteria relating any research or project. A
total score of 100% was used that were divided in accordance to their importance of this research into
the following:

A total score of 100% was used that were divided in accordance to their importance of this research into

the following:

Investment Cost: The investment cost provides a large influence on the global decision making,
since it reflects the spending from the client or any parties involved. Therefore, this criterion is
given 25%.

Maintenance cost: The activities involved in the alternatives will reflect the overall cost in a
long term from the client’s investment. Therefore, this criterion is given 20%.

Environmental impact: The terrain in the study area are predominately with steep slope.
Disrupting of the natural environment and habitat will increase potential erosion in the study
area, clogging the drainage systems, and reflect sediments transport to lower lying terrain.
Therefore, this criterion is given 20%.

Design aspects: This criterion relates the functions of the structure and their capability to
perform in long-term. Therefore, this criterion is given 15%.

Structural reliability: For the construction of the drainage system, complex construction may
require the use of specific machineries and equipment. Accessibility of these machineries to the
study area may be limited. Therefore, this criterion is given 10%.

Implementation time: Construction activities can interfere the traffic flow in the study area.
Since, the hurricane season is within June to November (5 months period), construction within
this period can be crucial. Work can be disrupted and delayed, hence reflects a higher
investment cost. Therefore, this criterion is given 10%.



5. Scoring of the alternatives

The scoring of each criterion was carried out in terms of a rating. A scoring set of 5 option was used to

rate the different alternatives with respect to the criteria in accordance to their performance presented

in Table .

The three alternatives (Open Ditch, Concrete U-Gutter, and Underground drain) was

compared and scored separately from each other.

Table 2A: Summary of the alternative rating for the MCA

o Alternative Rating
Criteria ;
1 - Poor 2 - Fair 3 - Good 4 - Very good 5 - Excellent
Large easement Average easement | Average easement | Average No easement
required, required, required, easement required,
Investment construction and | construction and construction and | required, construction
Cost material are very | material are very | material are construction and | and material are
expensive expensive expensive material are cheap
average
Very frequent Frequent Few Few Few
maintenance maintenance maintenances maintenances maintenances
Maintenance required, and required, and required, and required, and required, and
Cost overall operation | overall operation | overall operation | overall operation | overall
is very expensive | is expensive is expensive is average operation is
cheap
Very high impact | High impact on Average impact Low impact on No impact on
on soil quality, soil quality, on soil quality, soil quality, soil quality,
Environmental | erosion potential | erosion potential erosion potential | erosion potential | erosion
impact and biodiversity | and biodiversity and low and low potential and
changes changes biodiversity biodiversity biodiversity
changes changes changes
Very low lifespan | Low lifespan and | Average lifespan | Long life span Very long
Structural and delicate low sturdy and average and sturdy lifespan and
reliability sturdy very sturdy
Very specific Specific activities, | General activity, | General activity | General activity
activities, machinery and machinery and and machineries | and equipment
Design Aspect | machinery and equipment equipment required required
equipment required required
required
Execution time (\;ery .long Long duration Average duration | Short duration Very .short
uration duration




6. Description and motivation of MCA scoring results

This part of the chapter presents the scoring results of each alternative pertaining to the criteria and
the motivation supporting its scores value.

Table 3A: Scoring results of alternative 1.

Alternative 1
Criteria Score Rating Description Motivation
Since this alternative is constructed on the lining of the
Average easement road and require more spaces for its structure stability, it
Investment . . . . . )
Cost 4 required, construction and | is expected that the construction of this alternative
material are average requires additional space that maybe outside of the
parcel boundary from the state (government).
Due to the steep slope of the terrain, surface runoff is
expected to produced high flow velocity and undermine
. the system and in flatter terrain, sedimented is expected
. Frequent maintenance . .
Maintenance . to deposit in after every heavy storm event. Hence this
2 required, and overall ) ) .
Cost . . alternative required frequent maintenance. However, due
operation is expensive )
to drainage structure are open surface (or channel), the
maintenance operation for this alternative is simple and
it is less expensive comparing to alternative 3.
Due to the steep slope of the terrain, surface runoff is
expected to produced high flow velocity and undermine
Environmental Very high impact on sgll Fhe system copstantly. Sediments are expected to deposit
. t 1 quality, erosion potential | in flatter terrain after every heavy storm event.
1mpac and biodiversity changes | Biodiversity constantly changes due to the maintenance
operation and the changes of land use for the drainage
structure.
Due to the possibility of constant of erosion in the
system, the morphology of the channel is heavily
. ffe h he lifi f this al ive i
Structural Low lifespan and low affected, hence the lifespan o_t 1S a temgtlve 18
liability 2 sturdy expected to be low. Whereas in flat terrain, stormwater
re is expected to retain in channel for a moderate duration
due to low hydraulic capacity and saturate the boundary
of the channel then collapse.
_ General activity and Very llmlted cor.nple).( activity is required for this
Design Aspect 4 S . alternative, and it mainly rely on excavator for the
machineries required . . 4
digging and shaping of the ditches.
Due to the simplicity of the activities required for the
Execution time 4 Short duration construction, and it is constructed on the lining of the

road interference of traffic flow is expected not to be
strongly influence




Table 4A.: Scoring results of alternative 2.

Alternative 2
Criteria Score Rating Description Motivation
Since this alternative is constructed on the lining of the
road, it is expected that the construction of this
alternative requires additional space that maybe outside
I Average easement
nvestment . . of the parcel boundary from the state (government).
3 required, construction and )
Cost . ) Also, the drainage structure expected to be constructed
material are expensive . . .
using cast-in place concrete, the labour and material of
such is expected to be relatively more expensive
comparing to alternative 1.
With the use of concrete as the drainage structure,
erosion of the channel is less severe to nil comparing to
alternative 1. However, from time to time, maintenance
. Few maintenances is expected to be carried out in low lying area where
Maintenance . : : :
Cost 4 required, and overall sediment may deposit. Moreover, due to the drainage
operation is average structure are open surface (or channel), the maintenance
operation for this alternative is simple and it is less
expensive comparing to alternative 3.
. . Due to the construction of the drainage structure, such as
Low impact on soil . .
. . . . excavation, large amount of the earth is expected to
Environmental quality, erosion potential . o ; Tt
. t 3 and low biodiversit disturb existing environment. Biodiversity is expected to
1mpac chanees Y have slight changes due the changes of land use for the
& drainage structure.
Since the construction is carried using concrete
. it i h long lift
Structural Very long lifespan and structure, it is expected to have a veI:y ong lifespan (up
liability 5 very sturdy to 50 years), the concrete structures included
Ie reinforcement for the stability etc. and no traffic load,
the structure is expected to be very study
Complex activity is required for this alternative, this
Specific activities, type of structure involves excavation, installing
Design Aspect 2 machinery and equipment | formwork and steel reinforcement for the cast-in-place
required storm drains. Heavy machinery such as excavator and
concrete trucks was expected
Due to the complexity of the activities required for the
construction, the duration of the implementation is
Execution time 2 Long duration expected a long time. Also, the storm drains are

constructed on the lining of the road interference of
traffic flow is expected not to be strongly influence




Table SA.: Scoring results of alternative 3.

Alternative 3

Criteria

Score

Rating Description

Motivation

Investment
Cost

Average easement
required, construction and
material are expensive

Since this alternative is constructed on beneath the road,
it is expected that the construction of this alternative
doesn’t requires additional space since it is within the
parcel boundary of the state (government). However, the
alternative is expected to be implemented using precast
structure, the cost for implementing the drainage
structure and the structure itself is expected to be
relatively more expensive comparing to alternative 1 and
2.

Maintenance
Cost

Few maintenances
required, and overall
operation is average

With the use of precast-concrete as the drainage
structure, erosion of the channel is less severe to nil
comparing to alternative 1. However, from time to time,
maintenance is expected to be carried out in low lying
terrain where sediment may deposit. Due to the
drainage structure are underground drains, the
maintenance operation for this alternative is more
complex, resulting the cost of maintenance operation to
be more expensive comparing to alternative 1 and 2.

Environmental
impact

Average impact on soil
quality, erosion potential
and low biodiversity
changes

Due to the construction of the drainage structure, such as
excavation, large amount of the earth is expected to
disturb existing environment. Since, the drainage
structure is constructed underground, the biodiversity of
within the surrounding environment might slightly
affected only during the construction.

Structural
reliability

long lifespan and sturdy

Since the construction is carried using precast-concrete
structure, it is expected to have a very long lifespan (up
to 50 years). However, the drainage structures are
constructed beneath the road, it is expected some
settlement overtime due to external and traffic load,
hence it is considered less sturdy comparing to
alternative 2.

Design Aspect

Very specific activities,
machinery and equipment
required

Very limited complex activity is required for this
alternative, and it mainly rely on excavator for the
digging and shaping of the ditches.

Execution time

Very long duration

Due to the complexity of the activities required for the
construction, and it is constructed beneath the centre of
the road. The interference of traffic flow is expected to
be strongly influence. Therefore, the score of this
criterion is less favourable comparing to alternative 2
and 1.




7. Final result of the MCA

The final result (also called weighted score) of the MCA is calculated by multiplying the scores obtained
from each criterion by their importance level (weight value). The alternative with highest score is the
most feasible alternative see Table 7A below for the summary of the weighted scores for the
alternatives.

Table 6A: Rated scores from MCA.

Criteria Alternative 1 | Alternative 2 Alternative 3
Investment Cost
Maintenance Cost
Environmental impact
Structural reliability
Design Aspect
Execution time
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Sum:

Table 7A: Summary of weighted scores from MCA

Criteria Alternative 1 Alternative 2 Alternative 3
Investment Cost 1.00 0.75 0.50
Maintenance Cost 0.40 0.80 0.60
Environmental impact | 0.20 0.60 0.60
Structural reliability 0.30 0.75 0.60
Design Aspect 0.40 0.20 0.10
Execution time 0.40 0.20 0.10

Sum: | 2.70 3.30 2.50

To sum up the MCA results, Alternative 2 has the highest score (for both the rated scoring and weighted
scoring) followed by Alternative 1 and then Alternative 3. The area that Alternative 2 scored the most
in is structural reliability, due to the fact that with this alternative the structural lifespan of concrete can
be up to 50 years. Moreover, this alternative does not need to withstand traffic load whereas in
Alternative 3 must, since it is constructed beneath the street profile. This additional load acting on
Alternative 3 might expect larger settlement, and with preventative measures the cost of investment will
be increased as well, hence the scoring of this criterion for Alternative 2 was more favourable than
Alternative 3. Moreover, Alternative 1 is constructed by lining of natural soil or vegetative hence its
lifespan was expected the shortest comparing to both Alternative 2 and 3 and scored the least among
the alternatives.

The area that Alternative 2 scored less in was both design aspect and execution time, due to the fact that
the construction is in concrete, this would require more complex activities involved and also resulting
a longer execution time overall. The same case also reflects Alternative 3, but the construction for this
requires much more activities and more complex one comparing to Alternative 2, hence scored less
comparing to Alternative 2. On the other hand, the activities involved in Alternative 1 are less and the
least complex comparing to both Alternative 2 and 3, hence resulting a more favourable score.
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8. Sensitivity analysis

A sensitivity analysis was performed for MCA to further evaluate the results and see how much the
result (i.e. weighted scores) are affected if the weights given to each of the six criteria are changed but
using the same rated score presented in Table 6A. An analysis where these parameters were changed
was preformed and two examples are shown in Table 9A and 10A below. The two different scenarios
are summarized in Error! Reference source not found..

Table 8A: Description of 2 scenarios that were tested

Scenario Criteria Description
Nr. . Mpyestment | Maintenance [Environmental| Structural | Desi gn [Implementation
cost cost impact reliability | aspects time
1 16.67 16.67 16.67 16.67 16.67 16.67 All criteria of equal

importance (i.e. the
perfect world scenario)

2 10 10 10 20 25 25 The design aspect, its
structural reliability and
execution time is the
most important criteria
(i.e. if the company want
to focus more on the
structural aspects)

Table 9A: Scenario 1- All criteria with equal weight distribution.

Criteria Alternative 1 | Alternative 2 Alternative 3
Investment Cost 0.67 0.30 0.33
Maintenance Cost 0.33 0.40 0.50
Environmental impact 0.17 0.30 0.50
Structural reliability 0.33 1.00 0.67
Design Aspect 0.67 0.50 0.17
Execution time 0.67 0.50 0.17

Sum: | 2.83 3.00 2.33

When the scenario (nr 1) was compared to the original MCA, the weighted score for Alternative 1 were
higher comparing to the original MCA, whereas both alternative 2 and 3 resulted less than the original
MCA weighted score. The conclusion is that changing the original weight distribution (investment cost
25%, maintenance cost 20%, environmental impact 20 %, structural reliability 15%, design aspect 10%
and execution time 10 %) to 16.67 % for all criteria did not change the main result (i.e. Alternative 2 is
still the best alternative).

11




Table 10A: Scenario 2- Higher weight distribution for design aspect, structural reliability and
execution time criteria.

Criteria Alternative 1 | Alternative 2 Alternative 3
Investment Cost 0.40 0.30 0.20
Maintenance Cost 0.20 0.40 0.30
Environmental impact 0.10 0.30 0.30
Structural reliability 0.40 1.00 0.80
Design Aspect 1.00 0.50 0.25
Execution time 1.00 0.50 0.25

Sum: | 3.10 3.00 2.10

When the scenario (nr 2) is compared to the original MCA, the weighted score for alternative were
higher comparing to the original MCA, whereas both alternative 2 and 3 resulted less than the original
MCA weighted score. The conclusion is that changing the original weight distribution (investment cost
25%, maintenance cost 20%, environmental impact 20 %, structural reliability 15%, design aspect 10%
and execution time 10 %) to 10 % for investment cost, maintenance cost, environmental impact, 20 %
for structural reliability, and 25 % for both design aspect and execution time criteria changes the main
results (i.e Alternative 1 is now the best alternative followed by Alternative 2 and 3).

In both scenario (nr 1 and 2) of Alternative 3, the overall weighted score did not increase but instead
decreased. This can be explained by the rated score it received, where majority of the criteria scored
were relatively low comparing to both Alternative 1 and 2, hence the weighted score (final result) in
both scenarios it was not able to match both the Alternative 1 and 2.

To sum up the MCA results, Alternative 2 is indicated to be the best alternative from the MCA together
with scenario 1 and fell only slightly in scenario 2. Hence Alternative 2 can be considered as relatively
solid (when analysed with the chosen criteria that were selected on the basis of this research) and was
selected to use as the stormwater drainage for the Waymouth Hills.
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Appendix B. Manual Calculation of Rainfall Runoff & Storm Drains
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1. Rainfall runoff calculation
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e The Waymouth Hills
Boundary

Sub Catchment

Figure 1B: Aerial view of the Waymouth Hills catchment with delineated sub catchments.



Table 1B: Summary of the subcatchments with runoff coefficient assigned based on their individual
land use and terrain characteristic.

Sub catchment Land use R(-) A (m2) A*R (m2)

Al Rural/ protected | 0.35 4,159 1,456
A2 Residential 0.6 1,842 1,105
B1 Rural/protected 0.35 3,871 1,355
B2 Residential 0.6 11,815 7,089
Cc1 Rural/protected 0.35 991 347
C2 Residential 0.6 949 569
D1 Rural/protected 0.35 2,306 807
D2 Residential 0.6 7,022 4,213
E Rural/ protected | 0.35 19,987 6,995
F1 Rural/protected | 0.35 1,272 445
F2 Residential 0.6 5,941 3,565
G Residential 0.6 1,404 842
H Residential 0.6 6,949 4,169
i1 Rural/ protected | 0.35 1,629 570
i2 Residential 0.6 7,701 4,621
J Residential 0.6 13,818 8,291
K1 Rural/ protected | 0.35 1,938 678
K2 Residential 0.6 7,300 4,380
L1 Residential 0.6 1,573 944
L2 Residential 0.6 5,590 3,354
M Residential 0.6 5,725 3,435
N Residential 0.6 4,294 2,576
o] Residential 0.6 8,453 5,072
P Residential 0.6 3,634 2,180
Q Residential 0.6 1,595 957
R2 Residential 0.6 32,444 19,466
Total 164,202 89,483

y =-48.7In{x) + 262.18 T=10 year
R?=0.9969 storm

\ intensity

Rainfall Intensity (mm/hr)
w
=

1

1 Time (min)

Figure 2B: Linear function of the 10-year storm intensity derived from
the IDF curve of St Maarten.



Table 2B: Rainfall runoff discharge into Reach 1.

Runoff Characteristics

Length

L= 161.3

Slope

Sp= 50.0

%

Formula for Sheet Flow:

Tu = 0,007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'?
Length L= 95.0 | m/m
2 Years, 24hrs rainfall Py= 82.00 | mm
Travel time Tti= 14.59 | min
Formula shallow concentration flow Ts=(Ku*Kk*Sp%%) /v

Shallow concentrated flow

Length L= 66.3 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.47 | m/s
Coefficient Ku= 10.0 | -
Travel time s= 0.32 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 58.9 | m
Velocity v= 421 | m/s
Travel time Tv= 0.23 | min
Time of concentration Te=Ti+Ts+ Ty

Reach path 1-3
Cumulative Runoff area A*R= 2560.9 | m?
Sheet flow Tti= 14.6 | min
Shallow concentrated flow Ts= 0.32
Cumulative channel flow Tv= 0.23 | min
Concentration time Tc= 15.15 | min
Rainfall intensity i= 129.83 | mm/hr
Discharge (Q10-year) Qmax= 0.09 | m3/s




Table 3B: Rainfall runoff discharge into Reach 2.

Runoff Characteristics

Length

L=

95.0

Slope

Sp=

50.0

%

Formula for Sheet Flow:

Tu = 0,007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m?3
Length L= 95.0 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 14.59 | min
Formula shallow concentration flow Ts=(Ku* k*Sp%%) /v

Shallow concentrated flow

Length L= 0.0 m
Intercept coefficient k= 0.491 | -
Velocity v= 3.5 | m/s
Coefficient Ku= 10.0 | -
Travel time s= 0.00 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 589 | m
Velocity v= 1.40 | m/s
Travel time Tv= 0.70 | min
Time of concentration Te=Ti+ Ts+ Ty

Reach path 2-3
Cumulative Runoff area A*R= 916.3 | m?
Sheet flow Tti= 14.6 | min
Shallow concentrated flow Ts= 0.0
Cumulative channel flow Tv= 0.7 | min
Concentration time Tc= 15.29 | min
Rainfall intensity i= 129.35 | mm/hr
Discharge (Q10-year) Qmax= 0.03 | m3/s




Table 4B: Rainfall runoff discharge into Reach 3.

Runoff Characteristics

Length

L=

245.3

Slope

Sp=

50.0

%

Formula for Sheet Flow:

Tu = 0,007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'?
Length L= 95.0 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 14.59 | min
Formula shallow concentration flow Ts=(Ku*Kk*Sp%%) /v

Shallow concentrated flow

Length L= 150.3 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.47 | m/s
Coefficient Ku= 10.0 | -
Travel time s= 0.72 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 169.0 | m
Velocity v= 5.45 | m/s
Travel time Tv= 0.52 | min
Time of concentration Te=Tti+Ts+ Ty

Reach path 3-Lower P. Quarter
Cumulative Runoff area A*R= 11921.0 | m?
Sheet flow Tti= 14.6 | min
Shallow concentrated flow Ts= 0.7
Cumulative channel flow Tv= 0.52 | min
Concentration time Tc= 15.83 | min
Rainfall intensity i= 127.67 | mm/hr
Discharge (Q10-year) Qmax= 0.42 | m3/s




Table 5B: Rainfall runoff discharge into Reach 4.

Runoff Characteristics

Length

L= 580 | m

Slope

Sp= 463 | %

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 58.0 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 10.14 | min

Formula shallow concentration flow

Ts= (Ku* k *SpO'S) /v

Shallow concentrated flow

Length L= 0.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.34 | m/s
Coefficient u= 10.0 | -
Travel time s= 0.00 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 183.0 | m
Velocity v= 1.72 | m/s
Travel time Tv= 1.77 | min

Time of concentration

Te=Ti+Ts+ Ty

Reach path 4-20
Cumulative Runoff area A*R= 5020.3 | m?
Sheet flow Tti= 10.1 | min
Shallow concentrated flow Ts= 0.0
Cumulative channel flow Tv= 1.77 | min
Concentration time Tc= 11.92 | min
Rainfall intensity i= 141.51 | mm/hr
Discharge (Q10-year) Qmax= 0.20 | m3/s




Table 6B: Rainfall runoff discharge into Reach 5.

Runoff Characteristics

Length

L= 27.8 | m

Slope

Sp= 60.0 | %

Formula for Sheet Flow:

Tu = 0.007 (n *L)°8 / (P25 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 27.8 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 5.08 | min

Formula shallow concentration flow

Ts= (Ku* k *SpO'S) /v

Shallow concentrated flow

Length L= 0.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 0.0 | m/s
Coefficient u= 0.0 | -
Travel time s= 0.00 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 74.0 | m
Velocity v= 0.90 | m/s
Travel time Tv= 1.37 | min

Time of concentration

Te=Tti+Ts+ Ty

Reach path 5-4
Cumulative Runoff area A*R= 842.4 | m?
Sheet flow Tti= 5.1 | min
Shallow concentrated flow Ts= 0.00
Cumulative channel flow Tv= 1.37 | min
Concentration time Tc= 6.44 | min
Rainfall intensity i= 171.44 | mm/hr
Discharge (Q10-year) Qmax= 0.04 | m3/s




Table 7B: Rainfall runoff discharge into Reach 6.

Runoff Characteristics

Length

L= 183.0 | m

Slope

Sp= 476 | %

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 95.0 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 14.88 | min

Formula shallow concentration flow

Ts= (Ku* k *SpO'S) /v

Shallow concentrated flow

Length L= 88.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.39 | m/s
Coefficient u= 10.0 | -
Travel time s= 0.43 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 78.0 | m
Velocity v= 3.67 | m/s
Travel time Tv= 0.35 | min

Time of concentration

Te=Tti+Ts+ Ty

Reach path 6-20
Cumulative Runoff area A*R= 4169.4 | m2
Sheet flow Tti= 14.9 | min
Shallow concentrated flow Ts= 04
Cumulative channel flow Tv= 0.35 | min
Concentration time Tc= 15.67 | min
Rainfall intensity i= 128.16 | mm/hr
Discharge (Q10-year) Qmax= 0.15 | m3/s




Table 8B: Rainfall runoff discharge into Reach 7.

Runoff Characteristics

Length

L= 27.8 | m

Slope

Sp= 583 | %

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 27.8 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 5.14 | min

Formula shallow concentration flow

Ts= (Ku* k *SpO'S) /v

Shallow concentrated flow

Length L= 0.0 m
Intercept coefficient k= 0.491 | -
Velocity v= 3.7 | m/s
Coefficient u= 10.0 | -
Travel time s= 0.00 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 164.0 | m
Velocity v= 2.12 | m/s
Travel time Tv= 1.29 | min

Time of concentration

Te=Tti+Ts+ Ty

Reach path 7-20
Cumulative Runoff area A*R= 3564.6 | m?
Sheet flow Tti= 5.1 | min
Shallow concentrated flow Ts= 0.0
Cumulative channel flow Tv= 1.29 | min
Concentration time Tc= 6.43 | min
Rainfall intensity i= 171.57 | mm/hr
Discharge (Q10-year) Qmax= 0.17 | m3/s




Table 9B: Rainfall runoff discharge into Reach 8.

Runoff Characteristics

Length

L= 709 | m

Slope

Sp= 58.6 | %

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 70.9 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 10.84 | min

Formula shallow concentration flow

Ts= (Ku* k *SpO'S) /v

Shallow concentrated flow

Length L= 0.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.76 | m/s
Coefficient u= 10.0 | -
Travel time s= 0.00 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 132.0 | m
Velocity v= 423 | m/s
Travel time Tv= 0.52 | min

Time of concentration

Te=Tti+Ts+ Ty

Reach path 8-17
Cumulative Runoff area A*R= 4297.8 | m?
Sheet flow Tti= 10.8 | min
Shallow concentrated flow Ts= 0.0
Cumulative channel flow Tv= 0.52 | min
Concentration time Tc= 11.36 | min
Rainfall intensity i= 143.84 | mm/hr
Discharge (Q10-year) Qmax= 0.17 | m3/s
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Table 10B: Rainfall runoff discharge into Reach 9.

Runoff Characteristics

Length

L= 104.0

Slope

Sp= 30.0

%

Formula for Sheet Flow:

Tu = 0,007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'?
Length L= 95.0 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 17.90 | min
Formula shallow concentration flow Ts=(Ku* k*Sp%%) /v

Shallow concentrated flow

Length L= 9.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 2.69 | m/s
Coefficient Ku= 10.0 | -
Travel time s= 0.06 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 92.0 | m
Velocity v= 2.99 | m/s
Travel time Tv= 0.51 | min
Time of concentration Te=Ti+ Ts+ Ty

Reach path 9-20
Cumulative Runoff area A*R= 4703.0 | m?
Sheet flow Tti= 17.9 | min
Shallow concentrated flow Ts= 0.1
Cumulative channel flow Tv= 0.51 | min
Concentration time Tc= 18.47 | min
Rainfall intensity i= 120.16 | mm/hr
Discharge (Q10-year) Qmax= 0.16 | m3/s

11




Table 11B: Rainfall runoff discharge into Reach 10.

Runoff Characteristics

Length

L=

127.3

Slope

Sp=

47.0

%

Formula for Sheet Flow:

Tu = 0,007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'?
Length L= 95.0 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 14.96 | min
Formula shallow concentration flow Ts=(Ku* k*Sp%%) /v

Shallow concentrated flow

Length L= 323 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.37 | m/s
Coefficient Ku= 10.0 | -
Travel time s= 0.16 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 273.0 | m
Velocity v= 5.66 | m/s
Travel time Tv= 0.80 | min
Time of concentration Te=Ti+ Ts+ Ty

Reach path 10-Ebenezer
Cumulative Runoff area A*R= 19466.4 | m?
Sheet flow Tti= 15.0 | min
Shallow concentrated flow Ts= 0.2
Cumulative channel flow Tv= 0.80 | min
Concentration time Tc= 15.92 | min
Rainfall intensity i= 127.39 | mm/hr
Discharge (Q10-year) Qmax= 0.69 | m3/s
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Table 12B: Rainfall runoff discharge into Reach 11.

Runoff Characteristics

Length

L= 709 | m

Slope

Sp= 58.6 | %

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 70.9 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 10.84 | min

Formula shallow concentration flow

Ts= (Ku* k *SpO'S) /v

Shallow concentrated flow

Length L= 0.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.76 | m/s
Coefficient Ku= 10.0 | -
Travel time Ts= 0.00 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 114.0 | m
Velocity v= 4.60 | m/s
Travel time Tv= 0.41 | min

Time of concentration

Te=Tti+Ts+ Ty

Reach path 11-22
Cumulative Runoff area A*R= 4620.6 | m?
Sheet flow Tti= 10.8 | min
Shallow concentrated flow Ts= 0.0
Cumulative channel flow Tv= 0.41 | min
Concentration time Tc= 11.25 | min
Rainfall intensity i= 144.30 | mm/hr
Discharge (Q10-year) Qmax= 0.19 | m3/s
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Table 13B: Rainfall runoff discharge into Reach 12.

Runoff Characteristics

Length

L= 950 | m

Slope

Sp= 532 | %

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 95.0 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 14.24 | min

Formula shallow concentration flow

Ts= (Ku* k *SpO'S) /v

Shallow concentrated flow

Length L= 0.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.6 | m/s
Coefficient Ku= 10.0 | -
Travel time Ts= 0.00 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 134.0 | m
Velocity v= 5.17 | m/s
Travel time Tv= 0.43 | min

Time of concentration

Te=Tti+Ts+ Ty

Reach path 12-21
Cumulative Runoff area A*R= 15895.2 | m?
Sheet flow Tti= 14.2 | min
Shallow concentrated flow Ts= 0.0
Cumulative channel flow Tv= 0.43 | min
Concentration time Tc= 14.67 | min
Rainfall intensity i= 131.38 | mm/hr
Discharge (Q10-year) Qmax= 0.58 | m3/s
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Table 14B: Rainfall runoff discharge into Reach 14.

Runoff Characteristics

Length

L= 99.0 | m

Slope

Sp= 478 | %

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 95.0 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 14.86 | min

Formula shallow concentration flow

Ts= (Ku* k *SpO'S) /v

Shallow concentrated flow

Length L= 40 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.39 | m/s
Coefficient Ku= 10.0 | -
Travel time Ts= 0.02 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 92.0 | m
Velocity v= 439 | m/s
Travel time Tv= 0.35 | min

Time of concentration

Te=Tti+Ts+ Ty

Reach path 13-15
Cumulative Runoff area A*R= 9217.2 | m?
Sheet flow Tti= - | min
Shallow concentrated flow Ts= -
Cumulative channel flow Tv= 19.04 | min
Concentration time Tc= 19.04 | min
Rainfall intensity i= 118.69 | mm/hr
Discharge (Q10-year) Qmax= 0.30 | m3/s
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Table 15B: Rainfall runoff discharge into Reach 14.

Runoff Characteristics

Length

L= 540 | m

Slope

Sp= 63.4 | %

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= * | s/mi3
Length L= 54.0 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 8.45 | min

Formula shallow concentration flow

Ts= (Ku* k *SpO'S) /v

Shallow concentrated flow

Length L= 0.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.9 m/s
Coefficient Ku= 10.0 | -
Travel time Ts= 0.00 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 110.0 | m
Velocity v= 5.5 m/s
Travel time Tv= 0.33 | min

Time of concentration

Te=Tti+Ts+ Ty

Reach path 14-15
Cumulative Runoff area A*R= 7252.2 | m?
Sheet flow Tti= 8.4 | min
Shallow concentrated flow Ts= 0.0
Cumulative channel flow Tv= 0.33 | min
Concentration time Tc= 8.78 | min
Rainfall intensity i= 156.39 | mm/hr
Discharge (Q10-year) Qmax= 0.32 | m3/s

16




Table 16B: Rainfall runoff discharge into Reach 15.

Runoff Characteristics

Length

L=

45.4

Slope

Sp=

46.7

%

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 45.4 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 8.31 | min
Formula shallow concentration flow Ts=(Ku* k*Sp%%) /v

Shallow concentrated flow

Length L= 0.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.36 m/s
Coefficient Ku= 10.0 | -
Travel time Ts= 0.00 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 47.0 | m
Velocity v= 5.46 | m/s
Travel time Tv= 0.14 | min
Time of concentration Te=Ti+ Ts+ Ty

Reach path 15-Valley Estate
Cumulative Runoff area A*R= 14856.6 | m?
Sheet flow Tti= - | min
Shallow concentrated flow Ts= -
Cumulative channel flow Tv= 19.18 | min
Concentration time Tc= 19.18 | min
Rainfall intensity i= 118.32 | mm/hr
Discharge (Q10-year) Qmax= 0.49 | m3/s
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Table 17B: Rainfall runoff discharge into Reach 16.

Runoff Characteristics

Length

L= 66.9 | m

Slope

Sp= 50.0 | %

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 66.9 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 11.02 | min

Formula shallow concentration flow

Ts= (Ku* k *SpO'S) /v

Shallow concentrated flow

Length L= 0.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.5 m/s
Coefficient Ku= 10.0 | -
Travel time Ts= 0.00 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 67.0 | m
Velocity v= 3.24 | m/s
Travel time Tv= 0.35 | min

Time of concentration

Te=Tti+Ts+ Ty

Reach path 16-17
Cumulative Runoff area A*R= 4380.0 | m?
Sheet flow Tti= 11.0 | min
Shallow concentrated flow Ts= 0.0
Cumulative channel flow Tv= 0.35 | min
Concentration time Tc= 11.37 | min
Rainfall intensity i= 143.79 | mm/hr
Discharge (Q10-year) Qmax= 0.17 | m3/s
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Table 18B: Rainfall runoff discharge into Reach 17.

Runoff Characteristics

Length

L= 305 | m

Slope

Sp= 50.0 | %

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 30.5 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 5.88 | min

Formula shallow concentration flow

Ts= (Ku* k *SpO'S) /v

Shallow concentrated flow

Length L= 0.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.5 m/s
Coefficient Ku= 10.0 | -
Travel time Ts= 0.00 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 163.0 | m
Velocity v= 5.9 m/s
Travel time Tv= 0.46 | min

Time of concentration

Te=Tti+Ts+ Ty

Reach path 17-18.
Cumulative Runoff area A*R= 24165.6 | m?
Sheet flow Tti= - | min
Shallow concentrated flow Ts= -
Cumulative channel flow Tv= 15.20 | min
Concentration time Tc= 15.20 | min
Rainfall intensity i= 129.64 | mm/hr
Discharge (Q10-year) Qmax= 0.87 | m3/s
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Table 19B: Rainfall runoff discharge into Reach 18.

Runoff Characteristics

Length

L=

10.9

Slope

Sp=

9.7

%

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 10.9 | m/m
2 Years, 24hrs rainfall Py= 82.0 | mm
Travel time Tti= 4.98 | min
Formula shallow concentration flow Ts=(Ku* k*Sp%%) /v

Shallow concentrated flow

Length L= 0.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 1.53 | m/s
Coefficient Ku= 10.0 | -
Travel time Ts= 0.00 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 170.0 | m
Velocity v= 7.30 | m/s
Travel time Tv= 0.39 | min
Time of concentration Te=Ti+ Ts+ Ty

Reach path 18-Cul de Sac stream
Cumulative Runoff area A*R= 42396.6 | m?
Sheet flow Tti= - | min
Shallow concentrated flow Ts= -
Cumulative channel flow Tv= 15.59 | min
Concentration time Tc= 15.59 | min
Rainfall intensity i= 128.42 | mm/hr
Discharge (Q10-year) Qmax= 1.51 | m3/s
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Table 20B: Rainfall runoff discharge into Reach 20.

Runoff Characteristics

Length

L= 2563 | m

Slope

Sp= 523 | %

Formula for Sheet Flow:

Tu = 0.007 (n *L)%8 / (P05 * Sp4)

Sheet Flow

Roughness Factor n= 0.400 | s/m'/?
Length L= 95.0 | m/m
2 Years, 24hrs rainfall Py= 82 | mm
Travel time Tti= 14.33 | min

Formula shallow concentration flow

Ts= (Ku* k *SpO'S) /v

Shallow concentrated flow

Length L= 130.0 | m
Intercept coefficient k= 0.491 | -
Velocity v= 3.55 m/s
Coefficient Ku= 10.0 | -
Travel time Ts= 0.61 | min
Formula channel flow Tv=Lslv

Channel flow

Length of stream L= 2140 | m
Velocity v= 7.9 m/s
Travel time Tv= 0.45 | min

Time of concentration

Te=Tti+Ts+ Ty

Reach path 20-18
Cumulative Runoff area A*R= 17274.0 | m?
Sheet flow Tti= 14.3 | min
Shallow concentrated flow Ts= 0.6
Cumulative channel flow Tv= 0.45 | min
Concentration time Tc= 15.40 | min
Rainfall intensity i= 129.03 | mm/hr
Discharge (Q10-year) Qmax= 0.62 | m3/s
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Table 21B: Rainfall runoff discharge into Reach 21.

Runoff Characteristics

Formula channel flow

Tv=Lsv

Channel flow

Length of stream L= 36.0 | m
Velocity v= 7.93 | m/s
Travel time Tv= 0.08 | min
Time of concentration Te=Tti+Ts+ Ty
Reach path 21-17
Cumulative Runoff area A*R= 12911.4 | m?
Sheet flow Tti= - | min
Shallow concentrated flow Ts= -
Cumulative channel flow Tv= 14.74 | min
Concentration time Tc= 14.74 | min
Rainfall intensity i= 131.13 | mm/hr
Discharge (Q10-year) Qmax= 0.47 | m3/s
Table 22B: Rainfall runoff discharge into Reach 22.

Runoff Characteristics
Formula channel flow Tv=Lslv
Channel flow
Length of stream L= 74.0 | m
Velocity v= 5.64 | m/s
Travel time Tv= 0.22 | min
Time of concentration Te=Ti+Ts+ Ty
Reach path 22-12
Cumulative Runoff area A*R= 7604.4 | m?
Sheet flow Tti= - | min
Shallow concentrated flow Ts= -
Cumulative channel flow Tv= 18.69 | min
Concentration time Tc= 18.69 | min
Rainfall intensity i= 119.59 | mm/hr
Discharge (Q10-year) Qmax= 0.25 | m3/s
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Table 23B: Summary of the rainfall runoff discharge into the Reaches in the drainage network.

Concentration Time Rainfall Runoff
Reach Runoff Area Reach path Cumulative Time of Time of Conc. Time Rain Peak Discharge
A*R runoff area entry flow intensity
[m2] [m2] [min] [min] [min] mm/hr [m3/s]
1 2,561 | 1-3 2,561 14.91 0.23 15.15 129.8 0.09
2 916 | 2-3 916 14.59 0.70 15.29 1294 0.03
3 8,444 | 3-Lower P. Quarter 11,921 15.32 0.52 15.83 127.7 0.42
4 5,020 | 4-20 5,020 10.14 1.77 11.92 141.5 0.20
5 842 | 5-4 842 5.08 1.37 6.44 171.4 0.04
6 4,169 | 6-20 4,169 15.32 0.35 15.67 128.2 0.15
7 3,565 | 7-20 3,565 5.14 1.29 6.43 171.6 0.17
8 3,354 | 8-17 4,298 10.84 0.52 11.36 143.8 0.17
9 3,435 | 9-20 4,703 17.96 0.51 18.47 120.2 0.16
10 19,466 | 10- Ebenezer 19,466 15.12 0.80 15.92 127.4 0.69
11 4,621 | 11-22 4,621 10.84 0.41 11.25 144.3 0.19
12 8,291 | 12-21 15,895 14.24 0.43 14.67 131.4 0.58
13 5,072 | 13-15 9,217 18.69 0.35 19.04 118.7 0.30
14 2,180 | 14-15 7,252 8.45 0.33 8.78 156.4 0.32
15 944 | 15-Valley Estate 14,857 19.04 0.14 19.18 118.3 0.49
16 4,380 | 16-17 4,380 11.02 0.35 11.37 143.8 0.17
17 2,576 | 17-18. 24,166 14.74 0.46 15.20 129.6 0.87
18 957 | 18-Cul de Sac stream | 42,397 15.20 0.39 15.59 128.4 1.51
20 - 20-18 17,274 14.79 0.45 15.24 129.5 0.62
21 - 21-17 12,911 14.67 0.08 14.74 131.1 0.47
22 - 22-12 7,604 18.47 0.22 18.69 119.6 0.25
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2. Storm drain calculation

Table 24B: Storm drain calculation for Reach 1.

Storm drain Characteristics

Longitudinal Slope

So =

27.0%

m/m

Formula for hydraulic conveyance capacity of street:

Q =K/ n* SxM67 * T267 % S

Road + side gutter

Total Width Road (incl. gutter) wd = 450 | m
Total Width Gutter Wg = 0.30 | m
Side flow width (Max) Tx = 210 | m
Gutter flow width = 030 | m
Total water spread width on street = 240 | m
Roughness Factor n= 0.014 | s/m1/3
Street transverse slope SX = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.03 | m3/s
Drain Capacity Q= 0.24 | m3/s SUFFICIENT
Velocity v= 4.21 | m/s SUFFICIENT
Table 25B: Storm drain calculation for Reach 1.
Storm drain Characteristics
Longitudinal Slope | So= | 3.0% | m/m
Formula for hydraulic conveyance capacity of street: Q =K /n*SxL67 * T267 \So
Road + side gutter
Total Width Road (incl. gutter) wd = 450 | m
Total Width Gutter Wg = 0.30 | m
Side flow width (Max) Tx = 210 | m
Gutter flow width W= 030 | m
Total water spread width on street T= 240 | m
Roughness Factor n= 0.014 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.01 | m3/s
Drain Capacity Q= 0.08 | m3/s SUFFICIENT
Velocity V= 1.40 | m/s SUFFICIENT
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Table 26B: Storm drain calculation for Reach 3

Storm drain Characteristics

Longitudinal Slope I So = I 16.0% I m/m
Formula for hydraulic conveyance capacity of street: Q=K/n* SxL67 * T267 % o
Road + side gutter
Total Width Road (incl. gutter) Wd = 450 | m
Total Width Gutter Wg = 030 | m
Side flow width (Max) Tx = 210 | m
Gutter flow width = 030 | M
Total water spread width on street = 240 | m
Roughness Factor n= 0.014 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.02 | m3/s
Drain Capacity = 0.19 | m3/s NOT SUFFICIENT
Velocity v= 3.24 m/s SUFFICIENT
Formula for Manning: Q=(A*R¥3%YSo)/n
U-gutter
height H= 0.30 | m
width B= 0.40 | m
slope So= 16.0% | m/m
Roughness Factor n= 0.016 | s/m1/3
Area = 0.12 | m2
Actual flow
Discharge (Q10-year) = 0.42 | m3/s
Flow height Ha = 021 | m
69 % Flow Area Aa= 0.083 | m2
69 % Flow Outline Oa = 0.81 | m
Hydraulic Beam R= 0.10 | M
Actual Velocity V= 5.45 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.09 | m2
75% Outline 075% = 0.85 | m
Hydraulic Beam = 0.11 | m
Drain Capacity = 0.50 | m3/s SUFFICIENT
Velocity v= 5.59 | m/s
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Table 27B: Storm drain calculation for Reach 4.

Storm drain Characteristics

Longitudinal Slope I So = I 1.0% I m/m
Formula for hydraulic conveyance capacity of street: Q=K/n* SxL67 * T267 % /o
Road + side gutter
Total Width Road (incl. gutter) Wd = 450 | m
Total Width Gutter Wg = 030 | m
Side flow width (Max) Tx = 210 | m
Gutter flow width = 030 | M
Total water spread width on street = 240 | m
Roughness Factor n= 0.014 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.01 | m3/s
Drain Capacity = 0.05 | m3/s NOT SUFFICIENT
Velocity V= 0.81 m/s SUFFICIENT
Formula for Manning: Q=(A* R2/3 %~/ So)/n
U-gutter
height H= 0.45 | m
width B= 040 | M
slope So= 1.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.18 | m2
Actual flow
Discharge (Q10-year) Q= 0.20 | m3/s
Flow height Ha = 029 | M
64 % Flow Area Aa= 0.115 | m2
64 % Flow Outline Oa = 098 | m
Hydraulic Beam R= 012 | m
Actual Velocity v= 1.72 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.14 | m2
75% Outline 075% = 1.08 | m
Hydraulic Beam = 0.13 | m
Drain Capacity = 0.24 | m3/s SUFFICIENT
Velocity v= 1.79 | m/s
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Table 28B: Storm drain calculation for Reach 5.

Storm drain Characteristics

Longitudinal Slope I So = I 1.0% I m/m

Formula for hydraulic conveyance capacity of street: Q=K/n* SxL67 * T267 % /o

Road + side gutter

Total Width Road (incl. gutter) Wd = 450 | m

Total Width Gutter Wg = 030 | M

Side flow width (Max) Tx = 210 | m

Gutter flow width = 030 | M

Total water spread width on street = 240 | m

Roughness Factor n= 0.014 | s/m1/3

Street transverse slope Sx = 2.5% | m/m

Extra capacity due depth standard gutter Qextra 0.01 | m3/s

Drain Capacity = 0.06 | m3/s SUFFICIENT
Velocity V= 090 m/s SUFFICIENT
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Table 29B: Storm drain calculation for Reach 6.

Storm drain Characteristics

Longitudinal Slope I So = I 9.0% I m/m
Formula for hydraulic conveyance capacity of street: Q=K/n* SxL67 * T267 % /g
Road + side gutter
Total Width Road (incl. gutter) Wd = 3.00 | m
Total Width Gutter Wg = 030 | m
Side flow width (Max) Tx = 1.35 | m
Gutter flow width = 030 | M
Total water spread width on street = 165 | m
Roughness Factor n= 0.014 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.01 | m3/s
Drain Capacity = 0.06 | m3/s NOT SUFFICIENT
Velocity V= 232 m/s SUFFICIENT
Formula for Manning: Q=(A* R2/3 %~/ So)
U-gutter
height H= 0.30 | m
width B= 030 | M
slope So= 9.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.09 | m2
Actual flow
Discharge (Q10-year) Q= 0.15 | m3/s
Flow height Ha = 0.134 | M
44.7 % Flow Area Aa= 0.040 | m2
44.7 % Flow Outline Oa= 057 | m
Hydraulic Beam R= 0.07 | M
Actual Velocity v= 3.67 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.07 | m2
75% Outline 075% = 0.75 | m
Hydraulic Beam = 0.09 | m
Drain Capacity = 0.29 | m3/s SUFFICIENT
Velocity v= 430 | m/s
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Table 30B: Storm drain calculation for Reach 7.

Storm drain Characteristics

Longitudinal Slope I So = | 2.0% I m/m
Formula for hydraulic conveyance capacity of street: Q=K /n*SxL67* T267* \So
Road + side gutter
Total Width Road (incl. gutter) Wd = 450 | m
Total Width Gutter Wg = 0.30 | m
Side flow width (Max) Tx = 210 | m
Gutter flow width = 030 | m
Total water spread width on street = 240 | m
Roughness Factor n= 0.014 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.01 | m3/s
Drain Capacity = 0.07 | m3/s NOT SUFFICIENT
Velocity V= 1.15 m/s SUFFICIENT
Formula for Manning: Q=(A* R2/3 %~/ So)
U-gutter
height H= 0.50 | m
width B= 030 | M
slope So= 2.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.15 | m2
Actual flow
Discharge (Q10-year) Q= 0.17 | m3/s
Flow height Ha = 0.266 | M
53.2 % Flow Area Aa = 0.080 | m2
53.2 % Flow Outline Oa = 0.83 | m
Hydraulic Beam R= 0.10 | m
Actual Velocity v= 2.12 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.11 | m2
75% Outline 075% = 1.05 | m
Hydraulic Beam = 011 | m
Drain Capacity = 0.26 | m3/s SUFFICIENT
Velocity v= 2.28 | m/s
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Table 31B: Storm drain calculation for Reach 8.

Storm drain Characteristics

Longitudinal Slope I So = I 12.0% I m/m
Formula for hydraulic conveyance capacity of street: Q=K/n* SxL67 * T267 % /o
Road + side gutter
Total Width Road (incl. gutter) Wd = 7.50 | m
Total Width Gutter Wg = 030 | m
Side flow width (Max) Tx = 360 | M
Gutter flow width = 030 | M
Total water spread width on street = 390 | m
Roughness Factor n= 0.016 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.02 | m3/s
Drain Capacity = 0.47 | m3/s SUFFICIENT
Velocity V= 3.07 m/s SUFFICIENT
Formula for Manning: Q=(A* R2/3 %~/ So)
U-gutter
height H= 0.30 | m
width B= 030 | M
slope So= 12.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.09 | m2
Actual flow
Discharge (Q10-year) Q= 0.17 | m3/s
Flow height Ha = 0.134 | M
44.7 % Flow Area Aa= 0.040 | m2
44.7 % Flow Outline Oa= 057 | m
Hydraulic Beam R= 0.07 | M
Actual Velocity v= 423 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.07 | m2
75% Outline 075% = 0.75 | m
Hydraulic Beam = 0.09 | m
Drain Capacity = 0.34 | m3/s SUFFICIENT
Velocity v= 497 | m/s
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Table 32B: Storm drain calculation for Reach 9.

Storm drain Characteristics

Longitudinal Slope I So = I 11.0% I m/m

Formula for hydraulic conveyance capacity of street: Q=K/n* SxL67 * T267 % /o

Road + side gutter

Total Width Road (incl. gutter) Wd = 450 | m

Total Width Gutter Wg = 030 | M

Side flow width (Max) Tx = 210 | m

Gutter flow width = 030 | M

Total water spread width on street = 240 | m

Roughness Factor n= 0.014 | s/m1/3

Street transverse slope Sx = 2.5% | m/m

Extra capacity due depth standard gutter Qextra 0.02 | m3/s

Drain Capacity = 0.22 | m3/s SUFFICIENT
Velocity V= 299 m/s SUFFICIENT
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Table 33B: Storm drain calculation for Reach 10.

Storm drain Characteristics

Longitudinal Slope I So = I 12.0% I m/m
Formula for hydraulic conveyance capacity of street: Q=K /n*SxL67* T267* \So
Road + side gutter
Total Width Road (incl. gutter) wWd = 7.50 | m
Total Width Gutter Wg = 030 | m
Side flow width (Max) Tx = 360 | M
Gutter flow width = 030 | M
Total water spread width on street = 390 | m
Roughness Factor n= 0.016 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.02 | m3/s
Drain Capacity = 0.47 | m3/s NOT SUFFICIENT
Velocity V= 3.07 m/s SUFFICIENT
Formula for Manning: Q=(A* R2/3 %~/ So)
U-gutter '
height H= 0.75 | m
width B= 030 | M
slope So= 12.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.23 | m2
Actual flow
Discharge (Q10-year) Q= 0.69 | m3/s
Flow height Ha = 041 | m
54.0 % Flow Area Aa= 0.12 | m2
54.0 % Flow Outline Oa= 1.11 | m
Hydraulic Beam R= 011 | m
Actual Velocity v= 5.66 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.17 | m2
75% Outline 075% = 143 | m
Hydraulic Beam = 0.12 | m
Drain Capacity = 1.01 | m3/s SUFFICIENT
Velocity v= 5.96 | m/s
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Table 34B: Storm drain calculation for Reach 11.

Storm drain Characteristics

Longitudinal Slope I So = I 14.0% I m/m
Formula for hydraulic conveyance capacity of street: Q=K /n*SxL67* T267* \So
Road + side gutter
Total Width Road (incl. gutter) Wd = 350 | m
Total Width Gutter Wg = 0.30 | m
Side flow width (Max) Tx = 1.60 | m
Gutter flow width = 030 | m
Total water spread width on street = 190 | m
Roughness Factor n= 0.014 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.02 | m3/s
Drain Capacity = 0.10 | m3/s NOT SUFFICIENT
Velocity V= 2.89 m/s SUFFICIENT
Formula for Manning: Q=(A* R2/3 %~/ So)
U-gutter
height H= 0.75 | m
width B= 030 | M
slope So= 12.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.23 | m2
Actual flow
Discharge (Q10-year) Q= 0.19 | m3/s
Flow height Ha = 0.17 | m
66.8 % Flow Area Aa= 0.04 | m2
66.8 % Flow Outline Oa = 0.58 | m
Hydraulic Beam R= 0.07 | M
Actual Velocity v= 4.60 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.05 | m2
75% Outline 075% = 0.63 | m
Hydraulic Beam = 0.08 | m
Drain Capacity = 0.22 | m3/s SUFFICIENT
Velocity v= 475 | m/s
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Table 35B: Storm drain calculation for Reach 12.

Storm drain Characteristics

Longitudinal Slope I So = I 9.0% I m/m
Formula for hydraulic conveyance capacity of street: Q=K/n* SxL167 * T267 % /g
Road + side gutter
Total Width Road (incl. gutter) Wd = 4.00 | m
Total Width Gutter Wg = 030 | m
Side flow width (Max) Tx = 1.85 | m
Gutter flow width = 030 | M
Total water spread width on street = 215 | m
Roughness Factor n= 0.014 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.02 | m3/s
Drain Capacity = 0.11 | m3/s NOT SUFFICIENT
Velocity V= 236 m/s SUFFICIENT
Formula for Manning: Q=(A* R2/3 %~/ So)
U-gutter l
height H= 0.50 | m
width B= 050 | M
slope So= 9.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.25 | m2
Actual flow
Discharge (Q10-year) Q= 0.58 | m3/s
Flow height Ha = 0.225 | M
45.0 % Flow Area Aa= 0.113 | m2
45.0 % Flow Outline Oa = 095 | m
Hydraulic Beam R= 012 | m
Actual Velocity v= 5.17 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.19 | m2
75% Outline 075% = 125 | m
Hydraulic Beam = 0.15 | m
Drain Capacity = 1.13 | m¥/s SUFFICIENT
Velocity v= 6.05 | m/s
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Table 36B: Storm drain calculation for Reach 13.

Storm drain Characteristics

Longitudinal Slope I So = | 9.0% I m/m
Formula for hydraulic conveyance capacity of street: Q=K/n* SxL167 * T267 % /g
Road + side gutter
Total Width Road (incl. gutter) Wd = 4.00 | m
Total Width Gutter Wg = 030 | m
Side flow width (Max) Tx = 1.85 | m
Gutter flow width = 030 | M
Total water spread width on street = 215 | m
Roughness Factor n= 0.014 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.02 | m3/s
Drain Capacity = 0.11 | m3/s NOT SUFFICIENT
Velocity V= 236 m/s SUFFICIENT
Formula for Manning: Q=(A* R2/3 %~/ So)
U-gutter
height H= 0.30 | m
width B= 035 | M
slope So= 9.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.11 | m2
Actual flow
Discharge (Q10-year) Q= 0.30 | m3/s
Flow height Ha = 0.198 | m
66.0 % Flow Area Aa = 0.069 | m2
66.0 % Flow Outline Oa = 0.75 | m
Hydraulic Beam R= 009 | M
Actual Velocity v= 439 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.08 | m2
75% Outline 075% = 0.80 | m
Hydraulic Beam = 0.10 | m
Drain Capacity = 0.36 | m3/s SUFFICIENT
Velocity v= 4.56 | m/s
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Table 37B: Storm drain calculation for Reach 14.

Storm drain Characteristics

Longitudinal Slope I So = I 16.0% I m/m
Formula for hydraulic conveyance capacity of street: Q=K/n* SxL67 * T267 % /o
Road + side gutter
Total Width Road (incl. gutter) Wd = 7.50 | m
Total Width Gutter Wg = 030 | m
Side flow width (Max) Tx = 360 | M
Gutter flow width = 030 | M
Total water spread width on street = 390 | m
Roughness Factor n= 0.016 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.02 | m3/s
Drain Capacity = 0.54 | m3/s NOT SUFFICIENT
Velocity V= 355 m/s SUFFICIENT
Formula for Manning: Q=(A* R2/3 %~/ So)
U-gutter '
height H= 0.35 | m
width B= 035 | M
slope So= 16.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.12 | m2
Actual flow
Discharge (Q10-year) Q= 0.32 | m3/s
Flow height Ha = 0.164 | M
47.0 % Flow Area Aa= 0.058 | m2
47.0 % Flow Outline Oa = 0.68 | M
Hydraulic Beam R= 0.08 | M
Actual Velocity v= 5.51 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.09 | m2
75% Outline 075% = 0.88 | m
Hydraulic Beam = 0.11 | m
Drain Capacity = 0.58 | m3/s SUFFICIENT
Velocity v= 6.35 | m/s
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Table 38B: Storm drain calculation for Reach 15.

Storm drain Characteristics

Longitudinal Slope I So = | 12.0% I m/m
Formula for hydraulic conveyance capacity of street: Q=K/n* SxL167 * T267 % /g
Road + side gutter
Total Width Road (incl. gutter) Wd = 7.50 | m
Total Width Gutter Wg = 030 | m
Side flow width (Max) Tx = 360 | M
Gutter flow width = 030 | M
Total water spread width on street = 390 | m
Roughness Factor n= 0.016 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.02 | m3/s
Drain Capacity = 0.47 | m3/s NOT SUFFICIENT
Velocity V= 3.07 m/s SUFFICIENT
Formula for Manning: Q=(A* R2/3 %~/ So)
U-gutter '
height H= 0.35 | m
width B= 035 | M
slope So= 12.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.12 | m2
Actual flow
Discharge (Q10-year) Q= 0.49 | m3/s
Flow height Ha = 0.255 | m
73.2 % Flow Area Aa= 0.089 | m2
73.2 % Flow Outline Oa = 0.86 | M
Hydraulic Beam R= 0.10 | m
Actual Velocity v= 5.46 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.09 | m2
75% Outline 075% = 0.88 | m
Hydraulic Beam = 0.11 | m
Drain Capacity = 0.51 | m3/s SUFFICIENT
Velocity v= 5.50 | m/s
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Table 39B: Storm drain calculation for Reach 16.

Storm drain Characteristics

Longitudinal Slope I So = I 14.0% I m/m

Formula for hydraulic conveyance capacity of street: Q=K/n* SxL67 * T267 % /o

Road + side gutter

Total Width Road (incl. gutter) Wd = 4.00 | m

Total Width Gutter Wg = 030 | m

Side flow width (Max) Tx = 1.85 | m

Gutter flow width = 030 | M

Total water spread width on street = 215 | m

Roughness Factor n= 0.014 | s/m1/3

Street transverse slope Sx = 2.5% | m/m

Extra capacity due depth standard gutter Qextra 0.02 | m3/s

Drain Capacity = 0.19 | m3/s SUFFICIENT
Velocity v= 324 m/s SUFFICIENT
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Table 40B: Storm drain calculation for Reach 17.

Storm drain Characteristics

Longitudinal Slope I So = | 10.0% I m/m
Formula for hydraulic conveyance capacity of street: Q=K/n* SxL67 * T267 % /g
Road + side gutter
Total Width Road (incl. gutter) Wd = 7.50 | m
Total Width Gutter Wg = 030 | m
Side flow width (Max) Tx = 360 | M
Gutter flow width = 030 | M
Total water spread width on street = 390 | m
Roughness Factor n= 0.016 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.02 | m3/s
Drain Capacity = 0.43 | m3/s NOT SUFFICIENT
Velocity V= 280 m/s SUFFICIENT
Formula for Manning: Q=(A* R2/3 %~/ So)
U-gutter '
height H= 0.60 | m
width B= 0.60 | M
slope So= 10.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.36 | m2
Actual flow
Discharge (Q10-year) Q= 0.87 | m3/s
Flow height Ha = 0.244 | M
38.1 % Flow Area Aa= 0.146 | m2
38.1 % Flow Outline Oa= 1.09 | m
Hydraulic Beam R= 013 | m
Actual Velocity v= 5.93 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.27 | m2
75% Outline 075% = 1.50 | m
Hydraulic Beam = 0.18 | m
Drain Capacity = 1.94 | m¥/s SUFFICIENT
Velocity v= 7.20 | m/s
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Table 41B: Storm drain calculation for Reach 18.

Storm drain Characteristics

Longitudinal Slope l So = l 12.0% | m/m
Formula for hydraulic conveyance capacity of street: Q =K /n* SxL67* T267 = \So
Road + side gutter
Total Width Road (incl. gutter) wWd = 7.50 | m
Total Width Gutter Wg = 030 | m
Side flow width (Max) Tx = 3.60 | M
Gutter flow width W = 030 | M
Total water spread width on street T= 390 | m
Roughness Factor n= 0.016 | s/m1/3
Street transverse slope Sx = 2.0% | m/m
Extra capacity due depth standard gutter Qextra 0.02 | m3/s
Drain Capacity Q= 0.47 | m3/s NOT SUFFICIENT
Velocity V= 3.07 m/s SUFFICIENT
Formula for Manning: Q=(A* R2/3 %~/ So)
U-gutter l
height H= 0.95 | m
width B= 0.60 | M
slope So= 12.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.57 | m2
Actual flow
Discharge (Q10-year) Q= 1.51 | m3/s
Flow height Ha = 0.344 | M
36.2 % Flow Area Aa = 0.206 | m2
36.2 % Flow Outline Oa= 129 | m
Hydraulic Beam R= 0.16 | M
Actual Velocity v= 7.30 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.43 | m2
75% Outline 075% = 203 | m
Hydraulic Beam = 0.21 | m
Drain Capacity = 3.75 | m¥/s SUFFICIENT
Velocity v= 8.77 | m/s
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Table 42B: Storm drain calculation for Reach 20.

Storm drain Characteristics

Longitudinal Slope

|

So

=] 49.0% | m/m

Formula for Manning:

Q = (A* R?3 *\ So)

U-gutter
height H= 0.30 | m
width B= 1.10 | m
slope So= 49.0% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.33 | m2
Actual flow
Discharge (Q10-year) = 0.62 | m3/s
Flow height Ha = 0.071 | m
23.7 % Flow Area Aa= 0.078 | m2
23.7 % Flow Outline Oa= 124 | m
Hydraulic Beam R= 0.06 | M
Actual Velocity V= 7.91 | m/s NOT SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.25 | m2
75% Outline 075% = 155 | m
Hydraulic Beam = 0.16 | m
Drain Capacity = 3.64 | m¥/s SUFFICIENT
Velocity = 14.71 | m/s
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Table 43B: Storm drain calculation for Reach 21.

Storm drain Characteristics

Longitudinal Slope

|

So

=] 443% | m/m

Formula for Manning:

Q = (A* R?3 *\ So)

U-gutter
height H= 0.30 | m
width B= 0.70 | m
slope So= 44.3% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.21 | m2
Actual flow
Discharge (Q10-year) = 0.47 | m3/s
Flow height Ha = 0.085 | M
28.2 % Flow Area Aa = 0.059 | m2
28.2 % Flow Outline Oa= 087 | m
Hydraulic Beam R= 0.07 | m
Actual Velocity V= 7.93 | m/s NOT SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.16 | m2
75% Outline 075% = 1.15 | m
Hydraulic Beam = 0.14 | m
Drain Capacity = 1.99 | m¥/s SUFFICIENT
Velocity = 12.62 | m/s
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Table 44B: Storm drain calculation for Reach 22.

Storm drain Characteristics

Longitudinal Slope

|

=|  443% | m/m

Formula for Manning:

Q = (A * R? * So)

U-gutter
height H= 0.30 | m
width B= 1.00 | m
slope So= 44.3% | m/m
Roughness Factor n= 0.014 | s/m1/3
Area = 0.30 | m2
Actual flow
Discharge (Q10-year) = 0.25 | m3/s
Flow height = 0.041 | m
14.5 % Flow Area = 0.041 | m2
14.5 % Flow Outline = 1.08 | m
Hydraulic Beam R= 0.04 | m
Actual Velocity V= 5.64 | m/s SUFFICIENT
Maximum Allowed flow
75% Area A75% = 0.23 | m?
75% Outline 075% = 145 | m
Hydraulic Beam R= 0.16 | m
Drain Capacity = 3.09 | m¥s SUFFICIENT
Velocity V= 13.72 | m/s
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Table 45B: Summary of the streets in their relative reach used as storm drains for the 10-year storm event.

Reach Qcum Road width | Transverse Longitudinal slope Qmax(m3/s) Flow Velocity Status Runoff direction
(m3/s) (m) Slope (%) (%) (m/s)
1 0.09 4.5 2.0 27% 0.24 27% SUFFICIENT Lower P. Quarter
2 0.03 4.5 2.0 3% 0.08 3% SUFFICIENT Lower P. Quarter
3 0.42 4.5 2.0 16% 0.19 16% NOT SUFFICIENT Lower P. Quarter
4 0.20 4.5 2.0 1% 0.05 1% NOT SUFFICIENT | Reach 20
5 0.04 45 2.0 1% 0.06 1% SUFFICIENT Lower P. Quarter
6 0.15 3.0 2.0 9% 0.06 9% NOT SUFFICIENT | Reach 22
7 0.17 4.5 2.0 2% 0.07 2% NOT SUFFICIENT | Reach 20
8 0.17 7.5 2.0 12% 0.47 12% SUFFICIENT Reach 18
9 0.16 45 2.5 11% 0.22 11% SUFFICIENT Reach 22
10 0.69 7.5 2.0 12% 0.47 12% NOT SUFFICIENT Ebenezer
11 0.19 3.5 2.0 14% 0.10 14% NOT SUFFICIENT | Reach 21
12 0.58 4.0 2.0 9% 0.11 9% NOT SUFFICIENT | Reach 21
13 0.30 4.0 2.0 9% 0.11 9% NOT SUFFICIENT | Reach 15
14 0.32 7.5 2.0 16% 0.54 16% SUFFICIENT Reach 18
15 0.49 7.5 2.0 12% 0.47 12% NOT SUFFICIENT Valley estate
16 0.17 4.0 25 14% 0.19 14% SUFFICIENT Reach 18
17 0.87 7.5 2.0 10% 0.43 10% NOT SUFFICIENT Reach 18
18 1.51 7.5 2.0 12% 0.47 12% NOT SUFFICIENT | Dutch Cul de Sac
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Table 46B: Summary of the U-gutters discharge capacity in their relative reach for the 10-year storm event.

Reach Name of Sizes HxB (m) Qcum Longitudinal Qmax 75% filling Actual flow velocity Actual flow Status
Storm drain (m3/s) Slope (%) (m3/s flow velocity (m/s) depth
(m/s) (m)
3 U-Gutter 3 0.30x 0.40 0.42 16% 0.50 5.59 5.45 0.21 SUFFICIENT
4 U-Gutter 4 0.45 x0.40 0.20 1% 0.24 1.79 1.72 0.29 SUFFICIENT
6 U-Gutter 6 0.30x 0.30 0.17 9% 0.29 4.30 3.67 0.13 SUFFICIENT
7 U-Gutter 7 0.50 x 0.40 0.17 2% 0.26 2.28 2.12 0.27 SUFFICIENT
8 U-Gutter 8 0.30 x 0.30 0.17 12% 0.34 4.23 3.07 0.13 SUFFICIENT
10 U-Gutter 10 0.75 x 0.30 0.69 12% 1.01 5.96 5.66 0.41 SUFFICIENT
11 U-Gutter 11 0.25x 0.25 0.19 14% 0.22 4.75 4.60 0.17 SUFFICIENT
12 U-Gutter 12 0.50 x 0.50 0.58 9% 1.13 6.05 5.17 0.23 SUFFICIENT
13 U-Gutter 13 0.30x0.35 0.30 9% 0.36 4.56 4.39 0.20 SUFFICIENT
14 U-Gutter 14 0.35x0.35 0.32 16% 0.58 6.35 3.55 0.16 SUFFICIENT
15 U-Gutter 15 0.35x0.35 0.49 12% 0.51 5.50 5.46 0.26 SUFFICIENT
17 U-Gutter 17 0.60 x 0.60 0.87 10% 1.94 7.20 5.93 0.24 SUFFICIENT
18 U-Gutter 18 0.95 x 0.60 1.51 12% 3.75 8.77 7.30 0.34 SUFFICIENT
20 U-Gutter 20 0.30x 1.10 0.62 49% 3.64 14.71 7.91 0.071 SUFFICIENT
21 U-Gutter 21 0.30x 0.70 0.47 44% 1.99 12.62 7.93 0.085 SUFFICIENT
22 U-Gutter 22 0.30x 1.00 0.25 44% 3.09 13.72 5.63 0.041 SUFFICIENT
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Appendix C. SCS Method
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1. SCS Calculation Method

Soil Conservation Service (SCS) is a statistical method for peak flow determination based on rainfall,
soil type, and land use (McCuen R. , 2005). This method uses a variable known as Curve Number (CN)
that represents the specific hydrologic soil group (HSG), land cover, antecedent moisture condition, and
hydrologic condition of an area (NRCS, 1986). The value of CN various between for 0 to 100, with 0
resulting in no runoff and 100 representing a completely impervious area which generates an excess
rain equal to the rainfall. For natural catchments CN is normally between 50 and 100.

The main hypothesis of the SCS method is that the ratio between the additional water retained in
catchment area after the start of the runoff process and the potential maximum retention is equal to the
ratio between the excess precipitation and the potential runoff:

Fa  Pe (1)
S P-lIa

Where:

1a = initial abstraction (Losses occurred before runoft begins)

Fa = additional depth of water retained in the subcatchment after the start of the runoff process
Pe = excess precipitation contributing to runoft

P =raintall (equal to Pe+ la + Fa)

S = Potential maximum retention after runoft begins.

The potential maximum retention, in turn, is directly related to the initial abstraction, la, as displayed
in E.q. (2).

I,=02xS$ 2)

Considering [a=0.2*S and arranging the equation, the depth of excess rainfall from a storm is defined
in E.q. (3).

py_ (P’ _(P—02x5) (3)
CTP-1)+s (P+08xS)

Based on the soil type and the land use and the land use an equivalent curve number can be defined
for each subcatchment. The value of S (in mm) and the curve number, CN, are define in E.q. (4).
25400 (4)

S =————-1254
CN

The curve number applied in this research was obtained from the report (St Maarten Stormwater
Modelling Study, 2006), the CN was identified based on the land use and the type of soil. As the slope
has an influence on the subcatchment runoff. The calculated CN values obtained from the report is
presented in Table 1C.



Since the land use changes overtime, the value of the curve number was calculated differently to
represent present and future land development scenarios. The CN corresponding to each of the
subcatchment is calculated weighting the CN value in Table 1C by the percentage of the subcatchment
with each land use and slope range.

Table 1C: CN for each land use and soil slope (Vojinovic & Bonilo, 2006)

Land Use Slope CN
Ponds 100

Building and paved surfaces 95
Non developed >40° 71

30°- 40° 68

20°- 30° 65

10°- 20° 61

0°-10° 58

1.1. Current development scenario

For the calculation of the CN of each sub catchment the degree of urbanization has been determined by
measuring the area of the existing houses and using a ratio to calculate the area occupied by paved (or
impervious) infrastructure. The ratio between the infrastructure area and the building area depends on
the density of buildings (or development density). Usually a low density of buildings is associated with
a higher value of the ratio Infrastructure/Building.

The surface occupied by the buildings and infrastructure has been measured for the study area
(Waymouth Hills). The Waymouth Hills catchment encompasses of roughly 16.4 ha, the total surface
occupied by buildings was 1.09 ha, and the infrastructure was 0.93 ha. From such measurements, the
ratio Infrastructure/building has been determined, as shown in Table 2C.

Table 2C: Measured percentage of buildings and infrastructure

Name of Area Building Infrastructure Ratio Impervious area
% % Infra./ Build. %
The Waymouth Hills 7.4 6.3 0.85 13.7

For the calculation of the CN in the present scenario the area occupied by buildings has been
measured for each subcatchment (e.g. for subcatchment F2, covering an area of 5945m2, it was found

that buildings occupy an area of 91 lmz).

Impervious area was calculated as the summation of buildings and surrounding infrastructure (roads
and footpaths). The area occupied by the infrastructure has been estimated by multiplying the area
occupied by the buildings (i.e., the ratio between infrastructure and buildings). The portions of
subcatchment areas are divided according to the slope and development areas and as such they are used
in the calculation of the equivalent CN of each subcatchment.

Explanation. for example, for subcatchment F2 the ratio infrastructure/building is 0.85, so the area
occupied by inftastructure will be 0.85 x 911=7 74m’. The impervious surface will be 911 +744=
1 655m2, that us the 27.8% of the total area of the subcatchment. So the 72.2% remained undeveloped.



The portions of the subcatchment areas are divided according to the slope and the development areas
and as such they are used in the calculation of the equivalent CN of each subcatchment. The following
example describe the calculation process applied in this research:

For example: in subcatchment F2, 0% of the area has slope in the range 0-1 00, 0% in the rangel0-20 O,
0% in the range 20-30 0, 24% in the range 30-40°and 76% in the range >40 °

The values of CN for undeveloped land considering slopes are found fiom Table IB: 58 (0-10 ° ), 61

(10-20°), 65 (20-30°), 68 (30-40°) and 71 (>40°). The curve number for the developed land is 95, so
the equivalent curve number for the subcatchment is:

CN=0278x95+0.722x (0x58+0x 61 +0x65+024x68+0.76x71)=77

The CN value of each subcatchment for the present development are presented Table 4C.

1.2. Future urban development scenario

The future urban development scenario represents the complete development of the studied area, with
the exception of protected area within the subcatchment. The area allowed for future development has
been calculated by subtracting the protected area (i.e., areas where development is not allowed, plus the
pond area) from the total area of the subcatchment. The figures used to represent the future development
scenario are calculated according to “General Guideline for building in Hillside Areas”. These
guidelines are based on the following:

Table 3C: Maximum lot size and percentage of lot built (Ministerie van Infrastructuur en Milieu, et.
al, 1986)

Terrain Slope (degrees)
0°-10° 10°-20° 20°-30° 30°-40°
Lot size (m2) 400 800 1200 2000
Max % of lot built 35 30 25 15

The average lot size and percentage of lot built in each subcatchment are calculated from the lot size
and the maximum percentage of lot build from Table 3C with the percentage of the surface of the
subcatchment within the slope range. However, due to lack of government regulation, the lot size
defined Table 3C is not fully complied within the slope range. Hence, the maximum percentage of lot
built is based on the percentage of area within the different slope range by the maximum percentage
allowed defined in consist within the subcatchment. Since, the maximum percentage of lot built for area

that are steeper that 40° was not included in the guideline defined in Table 3C, to be conservative for

the calculation this value was assumed to be 15%. The following example illustrates the calculation
process:



Example: For subcatchment R2 encompass a total area of 16691 mz, 0% of its area has slope in the
range 0-10 0, 0% in the rangel0-20 0, 32% in the range 20-30 O, 17% in the range 30-40 Cand 51% in

the range >40 °. The average lot size and percentage of the built is calculated as follows:

Av. Lotsize=(0x035+0x030+032x025+0.17x0.15+ 051 x 0.15) x 16691m°=3037.8 i’

Percentage of Lot Built (PLB) = 16691/16691 = 18.2%

The area subjected to development in the future scenario is calculated by subtracting the protected area
from the total area of the subcatchment. The potential developed area, PD, will be occupied by lot, L,
lots with buildings LB and the infrastructure, I. One portion pf the total lots area will be occupied by
buildings being the remaining lot area (garden, access, etc.). Figure 1B illustrate the flow chart of
calculating the area of maximum potential development.

[ CatchmentArea ]

\

Protected [ Potential Developed J
PD

Lots Infrastructure
L Inf=RIB * PLB *L
Building Unbuild
PLB *L ( 1-PLB) *L

RIB Ration infrastructure/building
PLB Percentage of lot built

Figure 1C: Flow chart for maximum potential development calculation (Vojinovic & Bonilo, 2006)

The lots area, L, is calculated according to the following equation:

M (5)
1+ RIBxPLB

L=(
And the impervious area is derived from the summation of the building area and infrastructure area:
PLBxLx(1+ RIB) (6)

Considering the average percentage of lot build, the surface of the potential area subjected to
development and a value for the ratio infrastructure/ building equal to one, the percentage of paved
surface (building + infrastructure) in each sub catchment has been calculated as follows:



Example: For the subcatchment R2 the total area is 16, 69]1112, 0 m2 of the area is protected, so the
potentially developed area, PD, is 16,691-0 =16, 6911112. The PLB is equal to 18.2% and the RIB is 1,

so the area occupied by lots and the impervious area is derived fiom:

L—( PD )_( 16,691 )_14120 2
" \1+RIB*PLB) \1+1%x0.182/ mn

The impervious area is calculated as:
PLBxLx(1+RIB) =0.182x14120x (1 + 1) =5139.7m?

And that is the 30.7% of the total area of the subcatchment. So, 69.3% of the total arca will be
pervious.

The values of the equivalent Curve number for each of the sub catchments for the future urban
development are calculated from the percentage of paved surface, undeveloped (classified according to
the slopes) and ponds. Such calculations can be illustrated by the following example:

Example: For subcatchment R2, 0% of its area has slope in the range 0-1 00, 0% in the rangel 0-20 0,
32% in the range 20-30 O, 17% in the range 30-40 Cand 51% in the range >40 °. The impervious land
covers (paved land) the 30.7% of the total area and the pervious land is the 69.1%. The CN values for
the unpaved land with such slopes given in Table 1 are: 58 (0-10°), 61 (10-20°), 65 (20-30°), 68 (30-

40 0) and 71 (>40 ° ). The curve number for the paved land 1s 95, so the equivalent curve number for the
subcatchment is calculated as:

CN=0307x95+0.691 x (0x358+0x61+0.32x65+0.17x68+051x71)=77

The CN value of each subcatchment for the future urban development are presented 5C. These values
are higher than in the current development scenarios because of the new developments (the higher CN
values will yield higher runoft).



2. Results

2.1. Land characteristic
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Figure 2C: Elevation map of the Waymouth Hills.
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Figure 3C: Map of the Waymouth Hills displaying the slope range consist within the subcatchments.
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Figure 4C: Map of the Waymouth Hills displaying the location of the protected areas.



2.2. Land uses and CN values of current and future urban development

Table 4C: Percentage of surface with different land uses and value of the Curve Number for the present (i.e., existing) land development scenario.

Current Development Scenario

Sub- Total area % of area with slope in range Built Surface Infra/Build | B. + Inf. Non- dev. Pond CN
catchment (Impervious) (Pervious)
(m2) 0%-10° | 10°% | 20%-30° | 30%40°| >40° (m2) (%) (-) (%) (m2) (%) (%)

Al 4,165 0 0 0 0 100 0 0.0 0.85 0.0 4,165 100.0 71
A2 1,836 0 0 0 28 72 0 0.0 0.85 0.0 1,836 100.0 70
B1 3,869 0 0 0 0 100 0 0.0 0.85 0.0 3,869 100.0 71
B2 11,820 0 20 0 44 36 413 3.5 0.85 6.5 11,056 93.5 69
C1 1,002 0 0 0 0 100 0 0.0 0.85 0.0 1,002 100.0 71
Cc2 949 0 0 0 80 10 0 0.0 0.85 0.0 949 100.0 62
D1 3,254 0 0 0 11 89 0 0.0 0.85 0.0 3,254 100.0 71
D2 6,076 0 0 0 47 53 719 11.8 0.85 21.9 4,746 78.1 75
E 19,827 0 0 13 0 77 0 0.0 0.85 0.0 19,827 100.0 63
F1 1,163 0 0 0 0 100 0 0.0 0.85 0.0 1,163 100.0 71
F2 5,945 0 0 0 24 76 911 15.3 0.85 28.3 4,260 71.7 77
G 1,399 0 0 0 0 100 475 34.0 0.85 62.8 520 37.2 86
H 6,947 0 0 0 53 47 626 9.0 0.85 16.7 5,789 83.3 74
il 1,445 0 0 0 0 100 0 0.0 0.85 0.0 1,445 100.0 71
i2 7,680 0 0 0 0 100 1097 14.3 0.85 26.4 5,651 73.6 77
J 13,827 0 0 0 29 71 1991 14.4 0.85 26.6 10,144 73.4 77
K1 1,630 0 0 0 0 100 0 0.0 0.85 0.0 1,630 100.0 71
K2 7,369 0 0 0 40 60 1186 16.1 0.85 29.8 5,175 70.2 77
L1 1,573 0 0 0 73 27 0 0.0 0.85 0.0 1,573 100.0 69
L2 5,590 0 0 0 0 100 909 16.3 0.85 30.1 3,908 69.9 78
M 5,948 0 0 100 0 0 905 15.2 0.85 28.1 4,274 71.9 73
N 4,284 0 0 0 93 7 185 4.3 0.85 8.0 3,942 92.0 70




Current Development Scenario

Sub- Total area % of area with slope in range Built Surface | Infra/Build | B. + Inf. Non- dev. Pond CN
catchment (Impervious) (Pervious
(m2) | 0°10° 10% | 20°-30° | 30°-40° >40° (m2) (%) (-) (%) (m2) %) | (%)
6] 8,448 0 0 0 16 84 519 6.1 0.85 11.4 7,488 88.6 73
P 3,635 0 0 0 0 100 523 14.4 0.85 26.6 2,667 73.4 77
Q 1,595 0 100 0 0 0 0 0.0 0.85 0.0 1,595 100.0 61
R2 32,444 0 0 32 17 51 465 2.8 0.85 5.2 31,584 97.8 69
Total 10924
Table 5C: Percentage of surface with different land use for the future urban development scenario and the Curve Number value.
Future Urban Development Scenario
Sub- Total % of area with slopes in range Protected area Non Lot size Lot Infra/ | Build. + Non- Pond CN
catchment Area -protected built Build Inf. develop.
(m2) | 0°-10° | 100- 200- 300- >40° (m2) % (%) (m2) (%) (-) (%) (%) (%)
20° 30° 40°
Al 4,165 0 0 0 0 100 4,165 | 100.0 0 0 0 1 0 100 71
A2 1,836 0 0 0 28 72 0 0.0 100 275 15 1 26 74 77
B1 3,869 0 0 0 0 100 3,869 | 100.0 0 0 0 1 0 100 71
B2 11,820 0 20 0 44 36 0 0.0 100 2,128 18 1 31 69 76
Cc1 1,002 0 0 0 0 100 1,002 | 100.0 0 0 0 1 0 100 71
Cc2 949 0 0 0 80 10 0 0.0 100 128 13.5 1 24 76 69
D1 3,254 0 0 0 11 89 3,254 | 100.0 0 0 0 1 0 100 71
D2 6,076 0 0 0 47 53 0 0.0 100 911 15 1 26 74 76
E 19,827 0 0 13 0 77 19,827 | 100.0 0 0 0 1 100 63
F1 1,163 0 0 0 0 100 1,163 | 100.0 0 0 0 1 100 71
F2 5,945 0 0 24 76 0 0.0 100 892 15 1 26 74 77
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Future Urban Development Scenario

Sub- Total | % of area with slopes in range Non Lot size Lot Infra/ | Build. + Non- Pond CN
catchment Area Protected area | -Protected built Build Inf. | develop.
(m2) | 0°%-10° | 10°- 200- 30°- >40° (m2) (%) (%) (m2) (%) - (%) (%) (%)
20° 30° 40°

G 1,399 0 0 0 0 100 0 0.0 100 210 15 1 26 74 77

H 6,947 0 0 0 53 47 0 0.0 100 1,042 15 1 26 74 76
il 1,445 0 0 0 0 100 1,445 | 100.0 0 0 0 1 0 100 71
i2 7,680 0 0 0 0 100 0 0.0 100 1,152 15 1 26 74 77

J 13,827 0 0 0 29 71 0 0.0 100 2,074 15 1 26 74 77
K1 1,630 0 0 0 0 100 1,630 | 100.0 0 0 0 1 0 100 71
K2 7,369 0 0 0 40 60 0 0.0 100 1,105 15 1 26 74 76
L1 1,573 0 0 0 73 27 0 0.0 100 236 15 1 26 74 76
L2 5,590 0 0 0 100 0 0.0 100 839 15 1 26 74 77
M 5,948 0 0 100 0 0 0.0 100 1,487 25 1 40 60 77
N 4,284 0 0 0 93 7 0 0.0 100 643 15 1 26 74 75
0] 8,448 0 0 0 16 84 0 0.0 100 1267 15 1 26 74 77

P 3,635 0 0 0 0 100 0 0.0 100 545 15 1 26 74 77
Q 1,595 0 100 0 0 0 0 0.0 100 479 30 1 46 54 77
R2 32,444 0 0 32 17 51 0 0.0 100 5,905 | 18.2 1 31 69 77

Total 21,317
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Table 6C: CN values for present and future scenarios

Sub CN
catchment | present Future
Al 71 71
A2 70 77
B1 71 71
B2 69 76
c1 71 71
c2 62 69
D1 71 71
D2 75 76
E 63 63
F1 71 71
F2 77 77

86 77
H 74 76
i1 71 71
2 77 77
J 77 77
K1 71 71
K2 77 76
L1 69 76
L2 78 77
M 73 77
N 70 75
0 73 77
P 77 77
Q 61 77
R2 69 77

The subcatchmnets that are highlighted in the green are protected area, no changes in development in
these areas occurs the CN value are the same in both development scenario. On the other hand, the
subcatchments that are highlighted in grey illustrate the CN value in the current scenario is larger than
the future development CN value. The built area in these subcatchment for the current development is
larger than the permitted allowed defined in Table 3C ‘General Guideline for building in Hillside
Areas’(1986).
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2.3. Hydrologic effect of the current and future development

Table 7C: Infiltration and runoff effect in the present development.

Sub- Area Weighted Total Total Total Peak Time of Total
catchment CN Precipitation | |nfiltration | Runoff | Runoff | concentration | Infiltration | Runoff
I.D (m2) (-) (mm) (mm) (mm) (m3/s) (mm:ss) (m3) (m3)

Al 4,165 71 91 66.2 25.2 0.09 15:09 275.6 104.7
A2 1,836 70 91 65.7 27.0 0.05 9:17 120.6 49,5
Bl 3,869 71 91 66.2 25.3 0.08 14:30 256.0 97.7
B2 11,820 72 91 67.3 24.5 0.2 28:20 795.8 289.2
C1 1,002 71 91 64.3 30.1 0.03 6:24 64.4 30.2
C2 949 62 91 67.0 26.4 0.03 6:14 63.6 25.1
D1 3,254 71 91 65.9 26.3 0.06 10:38 214.5 85.6
D2 6,076 75 91 64.4 25.5 0.14 20:44 391.1 155.0
E 19,827 63 91 68.2 24.3 0.31 14:51 1351.3 480.8
F1 1,163 71 91 65.0 28.3 0.04 7:26 75.6 329
F2 5,945 72 91 66.8 249 0.12 18:45 396.9 147.7
G 1,399 86 91 37.0 53.5 0.07 7:53 51.8 74.8
H 6,947 74 91 66.0 25.2 0.14 20:37 458.8 174.8
11 1,445 71 91 65.4 27.4 0.05 8:38 94.5 39.5
12 7,680 72 91 67.0 24.6 0.14 21:55 514.6 189.2
J 13,827 77 91 60.8 27.5 0.24 31:08 841.0 380.5
K1 1,630 71 91 65.7 26.8 0.05 31:08 107.0 43.7
K2 7,369 77 91 60.7 27.5 0.15 21:14 447.6 202.4
L1 1,573 69 91 64.8 27.0 0.04 8:26 101.9 425
L2 5,590 78 91 56.5 31.5 0.12 18:05 315.6 176.0
M 5,948 73 91 66.3 25.1 0.12 18:21 394.5 149.2
N 4,284 70 91 66.8 25.1 0.09 18:21 286.2 107.3
0] 8,448 73 91 66.7 24.7 0.16 15:26 563.7 208.8
P 3,635 77 91 60.6 28.2 0.09 23:11 220.1 102.3
Q 1,595 61 91 67.5 24.9 0.04 8:30 107.7 39.7
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Sub- Area | Weighted Total Total Total Peak Time of Total
catchment Precipitation concentration | [Infiltration Runoff
I.D (m2) (-) (mm) (mm) (mm) | (m3/s) (mm:ss) (m3) (m3)
R2 32,444 69 91 68.0 24.6 0.50 51:57 2206.8 799.4
Total 10717.1 4228.6
Table 8C: Infiltration and runoff effect in the future urban development.
Sub- Area Weighted Total Total Total Peak Time of Total
catchment CN Precipitation | |nfiltration | Runoff | Runoff concentration | Infiltration | Runoff
I.D (m2) (-) (mm) (mm) (mm) (m3/s) (mm:ss) (m3) (m3)
Al 4,165 71 91 66.2 25.15 0.09 15:09 275.6 104.7
A2 1,836 77 91 65.1 27.30 0.05 9:17 119.6 50.1
Bl 3,869 71 91 66.2 25.26 0.08 14:30 256.0 97.7
B2 11,820 76 91 61.7 26.58 0.21 28:20 728.7 314.2
C1 1,002 71 91 64.3 30.13 0.03 6:24 64.4 30.2
Cc2 949 69 91 65.2 28.84 0.03 6:14 61.8 27.4
D1 3,254 71 91 65.9 26.31 0.06 10:38 214.5 85.6
D2 6,076 76 91 61.6 26.68 0.14 20:44 374.2 162.1
E 19,827 63 91 68.2 24.25 0.31 14:51 1351.3 480.8
F1 1,163 71 91 65.0 28.32 0.04 7:26 75.6 329
F2 5,945 77 91 60.7 27.54 0.13 18:45 360.9 163.7
G 1,399 77 91 58.5 31.85 0.05 7:53 81.8 44.6
H 6,947 76 91 61.6 26.68 0.14 20:37 427.9 185.3
1 1,445 71 91 65.4 27.37 0.05 8:38 94.5 39.5
12 7,680 77 91 60.7 27.44 0.15 21:55 466.5 210.7
J 13,827 77 91 60.8 27.52 0.24 31:08 841.0 380.5
K1 1,630 71 91 65.7 26.80 0.05 31:08 107.0 43.7
K2 7,369 76 91 61.6 26.67 0.14 21:14 453.9 196.5
L1 1,573 76 91 60.8 30.55 0.05 8:26 95.7 48.1
L2 5,590 77 91 60.7 27.74 0.12 18:05 339.2 155.1
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Sub- Area | Weighted Total Total Total Peak Time of Total
catchment Precipitation concentration | [Infiltration Runoff
I.D (m2) (-) (mm) (mm) (mm) | (m3/s) (mm:ss) (m3) (m3)
M 5,948 77 91 60.7 27.72 0.12 18:21 361.0 164.9
N 4,284 75 91 64.8 26.42 0.10 18:21 277.5 113.2
0 8,448 77 91 60.8 27.43 0.16 15:26 513.3 231.7
P 3,635 77 91 60.6 28.15 0.09 23:11 220.1 102.3
Q 1,595 77 91 58.8 31.23 0.05 8:30 93.7 49.8
R2 32,444 77 91 60.9 27.86 0.51 51:57 1975.0 903.9
Total 10231 4419.4
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Appendix D. Hydrodynamic Modelling Data and Simulation Results
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1. Current development scenario (Model 2)

1.1. Drainage network characteristics

Table 1D: Properties of drainage network used for the current development scenario (model 2).

Reach Chainage Length Inlet Outlet Average | Manning's
elevation elevation slope roughness

Coefficient

(m) (m) (m) (m) % ()
1|/0-14 14.5 238.9 235.2 25.8 0.032
14-33 18.7 235.2 230.6 24.6 0.032
33-44 11.2 230.6 226.9 32.8 0.032
44-56 12.2 226.9 222.9 33.0 0.032

2 | 0-25 25.6 224.5 222.9 6.1 0.032
310-35 34.8 222.6 213.2 26.9 0.032
35-100 64.9 213.2 194.7 28.6 0.032
100-137 36.6 194.7 188.9 15.9 0.032
137-176 35.9 188.9 186.0 8.1 0.032
176-181 54 186.0 185.0 17.7 0.032

4| 0-12 12.5 187.5 187.1 3.0 0.032
12-36 24.3 187.1 186.9 1.0 0.032
36-82 46.1 186.9 186.4 1.0 0.032
82-118 36.3 186.4 186.3 0.5 0.032
118-139 20.7 186.3 186.2 0.4 0.032

51 0-37 36.8 189.7 189.0 1.9 0.032
6 | 0-13 13.2 167.0 166.7 2.3 0.032
13-32 19.1 166.7 164.9 9.3 0.032
32-62 30.2 164.9 160.1 15.9 0.032
62-101 394 160.1 157.8 5.8 0.032
101-114 12.7 157.8 157.6 2.0 0.032

7 | 0-11 10.7 167.1 166.9 1.8 0.032
11-34 23.2 166.9 165.8 5.0 0.032
34-62 27.8 165.8 164.1 6.2 0.032
62-83 20.9 164.1 163.5 3.0 0.032
83-100 16.8 163.5 163.3 1.0 0.032
100-108 8.5 163.3 163.2 1.0 0.032
108-117 9.1 163.2 163.1 1.0 0.032
117-132 15.2 163.1 163.0 1.0 0.032
132-148 16.2 163.0 162.8 0.9 0.032

8 | 0-27 27.1 113.1 109.8 12.0 0.032
27-42 15.0 109.8 109.3 3.9 0.032
42-50 7.9 109.3 108.6 8.4 0.032
50-69 18.9 108.6 106.8 9.5 0.032
69-103 34.4 106.8 101.3 16.1 0.032
103-130 27.3 101.3 96.5 17.4 0.032
910-11 11.2 166.2 164.3 17.2 0.032
11-20 9.2 164.3 162.8 15.7 0.032
20-34 13.7 162.8 161.0 134 0.032




Reach Chainage Length Inlet Outlet Average | Manning's
elevation elevation slope roughness

coefficient

(m) (m) (m) (m) (%) ()

9 | 34-51 17.1 161.0 159.2 10.7 0.032
51-71 204 159.2 157.7 7.0 0.032
10 | 0-11 10.7 178.4 177.8 6.4 0.032
11-27 16.4 177.8 175.8 12.2 0.032
27-52 24.9 175.8 172.6 12.7 0.032
52-75 23.3 172.6 170.0 11.1 0.032
75-97 21.6 170.0 167.6 114 0.032
97-121 24.0 167.6 165.8 7.3 0.032
121-150 29.5 165.8 162.7 10.6 0.032
150-185 35.2 162.7 157.5 14.7 0.032
185-208 23.5 157.5 153.7 16.1 0.032
208-233 25.1 153.7 149.9 15.3 0.032
233-250 16.6 149.9 147.0 17.4 0.032
250-269 19.3 147.0 142.7 22.1 0.032
269-279 9.8 142.7 140.6 21.6 0.032
279-287 8.1 140.6 138.1 30.8 0.032
287-309 21.7 138.1 136.6 7.0 0.032

11 | 0-14 13.9 129.0 127.8 8.0 0.032
14-24 10.1 127.8 127.1 7.4 0.032
24-32 7.8 127.1 125.7 18.5 0.032
32-53 21.3 125.7 124.3 6.4 0.032
53-65 11.8 124.3 122.2 18.3 0.032
65-72 7.1 122.2 120.6 21.4 0.032
72-79 7.5 120.6 119.6 13.7 0.032
79-96 17.4 119.6 118.1 8.8 0.032
96-110 13.8 118.1 116.6 11.0 0.032
12 | 0-11 11.5 127.3 127.1 2.3 0.032
11-22 11.3 127.1 126.5 51 0.032
22-35 13.3 126.5 125.1 10.6 0.032
35-46 10.8 125.1 123.7 12.5 0.032
46-54 7.9 123.7 122.3 17.7 0.032
54-62 7.6 122.3 121.6 10.0 0.032
62-90 28.4 121.6 118.3 11.5 0.032
90-118 28.2 118.3 116.5 6.4 0.032
118-130 11.7 116.5 116.3 1.5 0.032

13 | 0-5 4.9 127.9 127.7 3.1 0.032
5-9 4.0 127.7 127.6 3.1 0.032
9-14 5.0 127.6 127.4 3.1 0.032
14-22 7.6 127.4 127.2 3.1 0.032
22-35 135 127.2 126.8 3.1 0.032
35-46 10.9 126.8 126.5 3.1 0.032
46-61 154 126.5 126.0 3.1 0.032
61-82 21.1 126.0 123.0 14.3 0.032
82-94 11.7 122.8 118.4 38.3 0.032
14 | 0-29 29.3 136.0 130.5 18.7 0.032




Reach Chainage Length Inlet Outlet Average | Manning's
elevation elevation slope roughness

coefficient

(m) (m) (m) (m) (%) ()
14 | 29-53 23.7 130.5 126.7 16.0 0.032
53-82 29.2 126.7 1224 14.9 0.032
82-110 27.6 122.4 1184 14.5 0.032
15 | 0-22 224 118.4 114.7 164 0.032
22-35 13.1 114.6 113.7 7.0 0.032
16 | 0-12 12.1 98.7 97.7 8.6 0.032
12-26 14.2 97.7 96.7 6.9 0.032
26-41 15.2 96.7 94.3 15.7 0.032
41-50 8.7 94.3 92.2 24.0 0.032
50-61 10.5 91.8 88.0 36.1 0.032
17 | 0-23 23.5 96.4 93.1 14.3 0.032
23-51 27.5 93.1 90.6 8.8 0.032
51-82 30.8 90.6 87.9 9.0 0.032
82-108 26.2 87.8 84.6 12.1 0.032
108-135 27.6 84.6 82.5 7.6 0.032
135-164 28.6 82.5 80.7 6.4 0.032

18 | 0-13 12.7 80.4 79.3 8.5 0.032
13-24 11.3 79.3 78.3 8.5 0.032
24-36 12.3 78.3 76.8 12.8 0.032
36-49 12.8 76.8 75.5 9.9 0.032
49-61 11.6 75.5 73.5 17.1 0.032
61-76 14.7 73.5 70.7 19.1 0.032
76-104 27.7 70.7 64.7 21.6 0.032
104-131 27.3 64.7 59.6 18.7 0.032
131-157 26.5 59.6 56.4 12.0 0.032
157-165 8.4 56.4 55.9 6.2 0.032
20 | 0-6 6.3 186.2 185.2 154 0.032
6-44 38.0 185.2 162.8 58.9 0.032
44-74 30.2 162.8 148.4 48.0 0.032
74-80 6.3 148.4 145.3 48.5 0.032
80-89 8.8 145.3 140.9 49.4 0.032
89-97 8.3 140.9 134.7 74.6 0.032
97-138 41.4 134.7 114.2 49.6 0.032
138-152 13.8 114.2 106.9 52.7 0.032
152-168 16.4 106.9 98.7 50.3 0.032
168-210 41.5 98.7 83.3 37.0 0.032
210-215 4.7 83.3 81.1 48.1 0.032
21 | 0-6 5.6 116.4 116.0 7.0 0.032
6-20 139 116.0 1034 90.1 0.032
20-28 8.0 103.4 99.7 46.6 0.032
28-36 8.0 99.7 97.9 22.1 0.032
36-42 5.8 97.9 96.7 21.1 0.032
22 | 0-4 4.4 157.6 157.4 3.0 0.032
4-10 5.5 157.4 155.3 394 0.032
10-19 8.9 155.3 1494 65.5 0.032




Reach Chainage Length Inlet Outlet Average | Manning's
elevation elevation slope roughness
Coefficient
(m) (m) (m) (m) (%) ()
22 | 19-30 11.6 149.4 144.2 44.5 0.032
30-40 10.0 144.2 141.3 29.7 0.032
40-53 13.0 141.3 141.1 1.0 0.032
53-78 25.5 141.1 128.4 49.8 0.032
78-84 5.6 128.4 127.9 8.7 0.032




1.2. Cross-sections of storm drains
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1.3. Simulation results

1.3.1. Overview of the drainage network
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1.3.2. Longitudinal profile plots
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Profile Plot
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2. Future urban development scenario (Model 1)

2.1. Drainage network characteristics

Table 2D: Properties of drainage network used for the current development scenario (Model 1).

Reach Chainage Length Inlet Outlet Average Manning's
elevation elevation slope roughness

coefficient

(m) (m) (m) (m) (%) ()
1]|0-14 14.5 238.9 235.2 25.8 0.014
14-33 18.7 235.2 230.6 24.6 0.014
33-44 11.2 230.6 226.9 32.8 0.014
44-56 12.2 226.9 222.9 33.0 0.014

2| 0-25 25.6 224.5 222.9 6.1 0.014
31035 34.8 222.6 213.2 26.9 0.014
35-100 64.9 213.2 194.7 28.6 0.014
100-137 36.6 194.7 188.9 15.9 0.014
137-176 35.9 188.9 186.0 8.1 0.014
176-181 5.4 186.0 185.9 1.1 0.014
4] 0-12 12.5 187.5 187.1 3.0 0.014
12-36 24.3 187.1 186.9 1.0 0.014
36-82 46.1 186.9 186.4 1.0 0.014
82-118 36.3 186.4 186.3 0.5 0.014
118-139 20.7 186.3 186.2 0.4 0.014

51 0-37 36.8 189.7 189.2 1.4 0.014
6 | 0-13 13.2 167.0 166.7 2.3 0.014
13-32 19.1 166.7 164.9 9.3 0.014
32-62 30.2 164.9 160.1 15.9 0.014
62-101 394 160.1 157.8 5.8 0.014
101-114 12.7 157.8 157.6 2.0 0.014

7 | 0-11 10.7 167.1 166.9 1.8 0.014
11-34 23.2 166.9 165.8 5.0 0.014
34-62 27.8 165.8 164.1 6.2 0.014
62-83 20.9 164.1 163.5 3.0 0.014
83-100 16.8 163.5 163.3 1.0 0.014
100-108 8.5 163.2 163.1 1.2 0.014
108-117 9.1 163.1 163.1 0.0 0.014
117-132 15.2 163.1 163.0 0.7 0.014
132-148 16.2 163.0 162.8 1.1 0.014

8 | 0-27 27.1 113.1 109.8 12.0 0.014
27-42 15.0 109.8 109.3 3.9 0.014
42-50 7.9 109.3 108.6 8.4 0.014
50-69 18.9 108.6 106.8 9.5 0.014
69-103 344 106.8 101.3 16.1 0.014
103-130 27.3 101.3 96.5 17.4 0.014

9| 0-11 11.2 166.2 164.3 17.2 0.014
11-20 9.2 164.3 162.8 15.7 0.014
20-34 13.7 162.8 161.0 134 0.014
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Reach Chainage Length Inlet Outlet Average Manning's
elevation elevation slope roughness

Coefficient

(m) (m) (m) (m) (%) ()

9 | 34-51 17.1 161.0 159.2 10.7 0.014
51-71 20.4 159.2 157.7 6.8 0.014
10 | 0-11 10.7 178.4 177.8 6.4 0.014
11-27 16.4 177.8 175.8 12.2 0.014
27-52 24.9 175.8 172.6 12.7 0.014
52-75 23.3 172.6 170.0 11.1 0.014
75-97 21.6 170.0 167.6 114 0.014
97-121 24.0 167.6 165.8 7.3 0.014
121-150 29.5 165.8 162.7 10.6 0.014
150-185 35.2 162.7 157.5 14.7 0.014
185-208 23.5 157.5 153.7 16.1 0.014
208-233 25.1 153.7 149.9 15.3 0.014
233-250 16.6 149.9 147.0 17.4 0.014
250-269 19.3 147.0 142.7 22.1 0.014
269-279 9.8 142.7 140.6 21.6 0.014
279-287 8.1 140.6 138.1 30.8 0.014
287-309 21.7 138.1 136.6 7.0 0.014

11 | 0-14 139 129.0 127.8 8.0 0.014
14-24 10.1 127.8 127.6 3.0 0.014
24-32 7.8 127.6 125.7 24.1 0.014
32-53 21.3 125.7 124.4 5.8 0.014
53-65 11.8 124.4 122.2 19.5 0.014
65-72 7.1 122.2 120.6 21.4 0.014
72-79 7.5 120.6 119.6 13.7 0.014
79-96 17.4 119.6 118.1 8.8 0.014
96-110 13.8 118.1 116.6 11.0 0.014
12 | 0-11 11.5 127.3 127.1 2.3 0.014
11-22 113 127.1 126.5 5.1 0.014
22-35 133 126.5 125.1 10.6 0.014
35-46 10.8 125.1 123.7 12.5 0.014
46-54 7.9 123.7 122.3 17.7 0.014
54-62 7.6 1223 121.6 10.0 0.014
62-90 284 121.6 118.3 11.5 0.014
90-118 28.2 118.3 116.5 6.4 0.014
118-130 11.7 116.5 116.3 1.5 0.014

13 | 05 4.9 127.9 127.8 1.0 0.014
5-9 4.0 127.8 127.8 1.0 0.014
9-14 5.0 127.8 127.7 1.0 0.014
14-22 7.6 127.7 127.6 1.0 0.014
22-35 135 127.6 127.4 2.0 0.014
35-46 10.9 127.4 127.0 3.7 0.014
46-61 15.4 127.0 125.6 8.5 0.014
61-82 21.1 125.6 123.0 12.5 0.014
82-94 11.7 122.8 118.4 384 0.014
14 | 0-29 29.3 136.0 130.5 18.7 0.014
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Reach Chainage Length Inlet Outlet Average Manning's
elevation elevation slope roughness

coefficient

(m) (m) (m) (m) (%) ()
14 | 29-53 23.7 130.5 126.7 16.0 0.014
53-82 29.2 126.7 122.4 14.9 0.014
82-110 27.6 122.4 118.4 14.5 0.014
15 | 0-22 22.4 118.4 114.7 16.4 0.014
22-35 13.1 114.6 113.7 7.0 0.014
16 | 0-12 12.1 98.7 97.7 8.6 0.014
12-26 14.2 97.7 96.7 6.9 0.014
26-41 15.2 96.7 94.3 15.7 0.014
41-50 8.7 94.3 92.2 24.0 0.014
50-61 10.5 91.8 88.0 36.1 0.014
17 | 0-23 23.5 96.4 93.1 14.3 0.014
23-51 27.5 93.1 90.6 8.8 0.014
51-82 30.8 90.6 87.9 9.0 0.014
82-108 26.2 87.8 84.6 12.1 0.014
108-135 27.6 84.6 82.5 7.6 0.014
135-164 28.6 82.5 80.7 6.4 0.014

18 | 0-13 12.7 80.4 79.3 8.5 0.014
13-24 113 79.3 78.3 8.5 0.014
24-36 12.3 78.3 76.8 12.8 0.014
36-49 12.8 76.8 75.5 9.9 0.014
49-61 11.6 75.5 73.5 17.1 0.014
61-76 14.7 73.5 70.7 19.1 0.014
76-104 27.7 70.7 64.7 21.6 0.014
104-131 27.3 64.7 59.6 18.7 0.014
131-157 26.5 59.6 56.4 12.0 0.014
157-165 8.4 56.4 55.9 6.2 0.014
20 | 0-6 6.3 186.2 185.2 154 0.014
6-44 38.0 185.2 162.8 58.9 0.014
44-74 30.2 162.8 148.4 48.0 0.014
74-80 6.3 148.4 145.3 48.5 0.014
80-89 8.8 145.3 140.9 49.4 0.014
89-97 8.3 140.9 134.7 74.6 0.014
97-138 414 134.7 114.2 49.6 0.014
138-152 13.8 114.2 106.9 52.7 0.014
152-168 16.4 106.9 98.7 50.3 0.014
168-210 41.5 98.7 83.3 37.0 0.014
210-215 4.7 83.3 81.1 48.1 0.014
21 | 0-6 5.6 116.4 116.0 7.0 0.014
6-20 13.9 116.0 103.4 90.1 0.014
20-28 8.0 1034 99.7 46.6 0.014
28-36 8.0 99.7 97.9 22.1 0.014
36-42 5.8 97.9 96.7 21.1 0.014
22 | 0-4 4.4 157.6 157.4 3.0 0.014
4-10 5.5 157.4 155.3 394 0.014
10-19 8.9 155.3 149.4 65.5 0.014
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Reach Chainage Length Inlet Outlet Average Manning's
elevation elevation slope roughness
Coefficient
(m) (m) (m) (m) (%) ()
22 | 19-30 11.6 149.4 144.2 44.5 0.014
30-40 10.0 144.2 141.3 29.7 0.014
40-53 13.0 141.3 141.1 1.0 0.014
53-78 25.5 141.1 128.4 49.8 0.014
78-84 5.6 128.4 127.9 8.7 0.014
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2.2. Cross-sections of storm drains
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2.3. Simulation results

2.3.1. Overview of the drainage network
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2.3.2. Longitudinal profile plots
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3. Future urban development scenario (Model 3)

3.1. Drainage network characteristics

Table 3D: Properties of drainage network used for the future urban development scenario (model 3).

Reach Chainage Length Inlet Outlet Average Manning's
elevation elevation slope roughness

Coefficient

(m) (m) (m) (m) (%) ()
1|/0-14 14.5 238.9 235.2 25.8 0.014
14-33 18.7 235.2 230.6 24.6 0.014
33-44 11.2 230.6 226.9 32.8 0.014
44-56 12.2 226.9 222.9 33.0 0.014

2 | 0-25 25.6 224.5 222.9 6.1 0.014
310-35 34.8 222.6 213.2 26.9 0.014
35-100 64.9 213.2 194.7 28.6 0.024
100-137 36.6 194.7 188.9 15.9 0.014
137-176 35.9 188.9 186.0 8.1 0.014
176-181 54 186.0 185.0 17.7 0.014

4| 0-12 12.5 187.5 187.1 3.0 0.014
12-36 24.3 187.1 186.9 1.0 0.014
36-82 46.1 186.9 186.4 1.0 0.014
82-118 36.3 186.4 186.3 0.5 0.014
118-139 20.7 186.3 186.2 0.4 0.014

51 0-37 36.8 189.7 189.0 1.9 0.032
6 | 0-13 13.2 167.0 166.7 2.3 0.014
13-32 19.1 166.7 164.9 9.3 0.014
32-62 30.2 164.9 160.1 15.9 0.014
62-101 39.4 160.1 157.8 5.8 0.014
101-114 12.7 157.8 157.6 2.0 0.014

7 | 0-11 10.7 167.1 166.9 1.8 0.014
11-34 23.2 166.9 165.8 5.0 0.014
34-62 27.8 165.8 164.1 6.2 0.014
62-83 20.9 164.1 163.5 3.0 0.014
83-100 16.8 163.5 163.3 1.0 0.014
100-108 8.5 163.3 163.2 1.0 0.014
108-117 9.1 163.2 163.1 1.0 0.014
117-132 15.2 163.1 163.0 1.0 0.014
132-148 16.2 163.0 162.8 0.9 0.014

8 | 0-27 27.1 113.1 109.8 12.0 0.014
27-42 15.0 109.8 109.3 3.9 0.014
42-50 7.9 109.3 108.6 8.4 0.014
50-69 18.9 108.6 106.8 9.5 0.014
69-103 344 106.8 101.3 16.1 0.024
103-130 27.3 101.3 96.5 17.4 0.032
910-11 11.2 166.2 164.3 17.2 0.014
11-20 9.2 164.3 162.8 15.7 0.014
20-34 13.7 162.8 161.0 134 0.014

60




Reach Chainage Length Inlet Outlet Average Manning's
elevation elevation slope roughness

Coefficient

(m) (m) (m) (m) (%) ()

9| 34-51 17.1 161.0 159.2 10.7 0.014
51-71 20.4 159.2 157.7 7.0 0.014
10 | 0-11 10.7 178.4 177.8 6.4 0.014
11-27 16.4 177.8 175.8 12.2 0.024
27-52 24.9 175.8 172.6 12.7 0.024
52-75 23.3 172.6 170.0 11.1 0.024
75-97 21.6 170.0 167.6 114 0.024
97-121 24.0 167.6 165.8 7.3 0.014
121-150 29.5 165.8 162.7 10.6 0.014
150-185 35.2 162.7 157.5 14.7 0.024
185-208 23.5 157.5 153.7 16.1 0.024
208-233 25.1 153.7 149.9 15.3 0.024
233-250 16.6 149.9 147.0 17.4 0.024
250-269 19.3 147.0 142.7 22.1 0.024
269-279 9.8 142.7 140.6 21.6 0.024
279-287 8.1 140.6 138.1 30.8 0.024
287-309 21.7 138.1 136.6 7.0 0.014

11 | 0-14 13.9 129.0 127.8 8.0 0.014
14-24 10.1 127.8 127.1 7.4 0.014
24-32 7.8 127.1 125.7 18.5 0.014
32-53 21.3 125.7 124.3 6.4 0.014
53-65 11.8 124.3 122.2 18.3 0.014
65-72 7.1 122.2 120.6 214 0.014
72-79 7.5 120.6 119.6 13.7 0.014
79-96 17.4 119.6 118.1 8.8 0.014
96-110 13.8 118.1 116.6 11.0 0.014
12 | 0-11 11.5 127.3 127.1 2.3 0.014
11-22 11.3 127.1 126.5 5.1 0.014
22-35 133 126.5 125.1 10.6 0.014
35-46 10.8 125.1 123.7 12.5 0.014
46-54 7.9 123.7 122.3 17.7 0.014
54-62 7.6 122.3 121.6 10.0 0.014
62-90 28.4 121.6 118.3 11.5 0.014
90-118 28.2 118.3 116.5 6.4 0.014
118-130 11.7 116.5 116.3 1.5 0.014

13 | 0-5 4.9 127.9 127.7 3.1 0.014
5-9 4.0 127.7 127.6 3.1 0.014
9-14 5.0 127.6 127.4 3.1 0.014
14-22 7.6 127.4 127.2 3.1 0.014
22-35 135 127.2 126.8 3.1 0.014
35-46 10.9 126.8 126.5 3.1 0.014
46-61 154 126.5 126.0 3.1 0.014
61-82 21.1 126.0 123.0 14.3 0.024
82-94 11.7 122.8 118.4 38.3 0.024
14 | 0-29 29.3 136.0 130.5 18.7 0.014
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Reach Chainage Length Inlet Outlet Average Manning's
elevation elevation slope roughness

Coefficient

(m) (m) (m) (m) (%) ()
14 | 29-53 23.7 130.5 126.7 16.0 0.032
53-82 29.2 126.7 122.4 14.9 0.014
82-110 27.6 122.4 118.4 14.5 0.014
15 | 0-22 224 118.4 114.7 164 0.024
22-35 13.1 114.6 113.7 7.0 0.014
16 | 0-12 12.1 98.7 97.7 8.6 0.014
12-26 14.2 97.7 96.7 6.9 0.014
26-41 15.2 96.7 94.3 15.7 0.014
41-50 8.7 94.3 92.2 24.0 0.014
50-61 10.5 91.8 88.0 36.1 0.014
17 | 0-23 23.5 96.4 93.1 14.3 0.024
23-51 27.5 93.1 90.6 8.8 0.014
51-82 30.8 90.6 87.9 9.0 0.014
82-108 26.2 87.8 84.6 12.1 0.024
108-135 27.6 84.6 82.5 7.6 0.014
135-164 28.6 82.5 80.7 6.4 0.014

18 | 0-13 12.7 80.4 79.3 8.5 0.024
13-24 11.3 79.3 78.3 8.5 0.032
24-36 12.3 78.3 76.8 12.8 0.032
36-49 12.8 76.8 75.5 9.9 0.024
49-61 11.6 75.5 73.5 17.1 0.024
61-76 14.7 73.5 70.7 19.1 0.024
76-104 27.7 70.7 64.7 21.6 0.024
104-131 27.3 64.7 59.6 18.7 0.024
131-157 26.5 59.6 56.4 12.0 0.024
157-165 8.4 56.4 55.9 6.2 0.014
20 | 0-6 6.3 186.2 185.2 154 0.032
6-44 38.0 185.2 162.8 58.9 0.024
44-74 30.2 162.8 148.4 48.0 0.024
74-80 6.3 148.4 145.3 48.5 0.014
80-89 8.8 145.3 140.9 49.4 0.024
89-97 8.3 140.9 134.7 74.6 0.024
97-138 41.4 134.7 114.2 49.6 0.014
138-152 13.8 114.2 106.9 52.7 0.024
152-168 16.4 106.9 98.7 50.3 0.024
168-210 41.5 98.7 83.3 37.0 0.024
210-215 4.7 83.3 81.1 48.1 0.024
21 | 0-6 5.6 116.4 116.0 7.0 0.014
6-20 139 116.0 1034 90.1 0.032
20-28 8.0 103.4 99.7 46.6 0.024
28-36 8.0 99.7 97.9 22.1 0.024
36-42 5.8 97.9 96.7 21.1 0.024
22 | 0-4 4.4 157.6 157.4 3.0 0.014
4-10 5.5 157.4 155.3 394 0.014
10-19 8.9 155.3 149.4 65.5 0.024
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Reach Chainage Length Inlet Outlet Average Manning's
elevation elevation slope roughness
Coefficient
(m) (m) (m) (m) (%) ()
22 | 19-30 11.6 149.4 144.2 44.5 0.024
30-40 10.0 144.2 141.3 29.7 0.024
40-53 13.0 141.3 141.1 1.0 0.024
53-78 25.5 141.1 128.4 49.8 0.024
78-84 5.6 128.4 127.9 8.7 0.024

3.2. Cross-sections of storm drains
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Refer to Chapter 2.2 for the storm drains’ cross-section used for this model simulation.




3.3. Simulation results

3.3.1. Overview of the drainage network
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3.3.2. Longitudinal profile plots
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1. Introduction

The drawings presented in this appendix is pertaining for both road and stormwater drainage
infrastructure upgrade for the Waymouth Hills. The design of these infrastructures was solely pertaining
to the trajectory road or also refer to as side roads (such as Paradise Hills road, the Quil road, Brimstone
road, Mouth Pele road, and Mount Souffriere road). However, due to the lack field surveyed data were
available from Mouth Pele and Mount Souffriere road, drawings from these roads were not carried out
and are not included in this appendix. Future more, the drawings pertaining to Mildrium road (the main
road) were carried out by ICE hence were not included in this report.

Furthermore, to indicate the location of the storm drains presented in the drawings, Figure 1E and figure
2E presented below can be used as a guide.

LEGEND

Mildrium Rd
Paradise Hill Rd
The Quil Hill Rd
Brimstone Hill Rd
Mount Pele Hill Rd
Mount Souffriere Rd

Figure 1E: Road network of the Waymouth Hills.
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Figure 2E: Contour map of the Waymouth Hills illustrating the Reach paths.




2. Quil Road

Table 1E: Drawing list of Quil Road

Proj.nr.: 216-1380 Project: Link 6 Date: 18/07/2017
Client: VROMI Division: Side roads
CONCEPT DESIGN Quil Road
drawing nr. | Subject Format Scale Date Rev.
C35 Survey plan Al 1:500 18-Jul-2017
C36 Layout road plan Al 1:500 18-Jul-2017
C37 Typical road layout Tabloid 1:50/2000 18-Jul-2017
C38A Typical road section [Alternative A] A2 1:50/2000 18-Jul-2017
C38B Typical road section [Alternative B] A2 1:1000 18-Jul-2017
C39 Longitudinal profile Tabloid 1:100 18-Jul-2017
C40 Sections SL-1/ SL-5 Tabloid 1:100 18-Jul-2017
C41 Sections SL-6/SL-10 Tabloid 1:100 18-Jul-2017
C42 Sections SL-11/SL-15 Tabloid 1:100 18-Jul-2017
C43 Detail crossing 2 Tabloid 1:100 18-Jul-2017




3. Brimstone Hill Road

Table 2E: Drawing list of Brimstone Hill Road

Proj.nr.: 216-1380 Project: Link 6 Date: 18/07/2017
Client: VROMI Division: Side roads
CONCEPT DESIGN Brimstone Hill Road
drawing nr. | Subject Format Scale Date Rev.
C50 Survey plan Al 1:500 18-Jul-2017
C51 Layout road plan Al 1:500 18-Jul-2017
C52A Typical road section/ layout [Alternative A] | A2 1:50/2000 18-Jul-2017
C52B Typical road section/ layout [Alternative B] A2 1:50/2000 18-Jul-2017
C53 Longitudinal profile Tabloid 1:1000 18-Jul-2017
C54 Sections SL-1/ SL-5 Tabloid 1:100 18-Jul-2017
C55 Sections SL-6/SL-10 Tabloid 1:100 18-Jul-2017
C56 Sections SL-11/SL-15 Tabloid 1:100 18-Jul-2017
C57 Sections SL-16/SL-17 Tabloid 1:100 18-Jul-2017
C58 Detail crossing 3 Tabloid 1:100 18-Jul-2017




4. Paradise Hill Road

Table 3E: Drawing list of Paradise Hill Road

Proj.nr.: 216-1380 Project: Link 6 Date: 18/07/2017
Client: VROMI Division: Side roads
CONCEPT DESIGN Paradise Hill Road
drawing nr. | Subject Format Scale Date Rev.
C60 Survey plan Tabloid 1:250 18-Jul-2017
C61 Layout road plan Tabloid 1:250 18-Jul-2017
C62A Typical road section/ layout [Alternative A] | Tabloid 1:50/1000 18-Jul-2017
C62B Typical road section/ layout [Alternative B] Tabloid 1:50/1000 18-Jul-2017
C63 Longitudinal profile Tabloid 1:250 18-Jul-2017
Ce4 Sections SL-1/ SL-5 Tabloid 1:100 18-Jul-2017
C65 Sections SL-6/SL-8 Tabloid 1:100 18-Jul-2017
C66 Detail crossing 1 Tabloid 1:100 18-Jul-2017




5. Drainage works

Table 4E: Drawing list of drainage works

Proj.nr.: 216-1380 Project: Link 6 Date: 18/07/2017
Client: VROMI Division: Side roads
CONCEPT DESIGN Brimstone Hill Road
drawing nr. | Subject Format Scale Date Rev.
C70 Drainage plan Tabloid 1:2000/25 18-Jul-2017
Cr1 Drainage detail/ reinforcement Tabloid 1:25 18-Jul-2017
C72 Layout plan U-Gutter 20 Tabloid 1:500 18-Jul-2017
C73 Longitudinal profile U-Gutter 20 Tabloid 1:750 18-Jul-2017
C74 Layout plan U-Gutter 21 Tabloid 1:200 18-Jul-2017
C75 Longitudinal profile U-Gutter 21 Tabloid 1:200 18-Jul-2017
C76 Layout plan U-Gutter 22 Tabloid 1:200 18-Jul-2017
Cr7 Longitudinal profile U-Gutter 22 Tabloid 1:250 18-Jul-2017
C78 Detail culvert 1 Tabloid 1:50/25 18-Jul-2017
C79 Detail culvert 2 Tabloid 1:50/25 18-Jul-2017
C80 Detail culvert 3 Tabloid 1:50/25 18-Jul-2017
c81 Detail culvert 4 Tabloid 1:50/25 18-Jul-2017
C82 Layout plan traffic signs Tabloid 1:2000 18-Jul-2017
C90 Detention pond A0 1:200/50/20 18-Jul-2017
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