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1 Introduction

The proposed reclamation area will add 7.7acres of land area to the existing port area. This will
essentially double the rainfall catchment area for the port. Work was carried out to develop a master
plan for a drainage solution that would help to mitigate adverse flooding impacts to the port and
surrounding environs. The master plan was developed for the final project layout under
consideration with three key objectives in mind:
1. The reclaimed area should not increase the vulnerability of the rest of the port, or its
immediate environs, to flooding. In this case, flooding may come from rainfall or wave
overtopping.
2. The use of sink wells, which is a standard practice in Cayman, should be maximized. This
would allow average day-to-day rainfall to be stored and drained in the ground. Such an
approach would reduce focused surface flow into the harbour from a drainage channel
thereby reducing possible sustained impacts on the marine environment.
3. The plan should consider potential changes to rainfall intensity or frequency due to climate
change.
This report summarizes the work carried out to develop a storm water master plan as well as to
mitigate the potential adverse impacts.

1.1 Background Hydrology

The rainy season of the Cayman Islands spans from May to November, with May to June and
September to October typically being the wettest months. The dry season typically spans from
December to April. Rainfall is generally from either tropical thunderstorms (usually in the summer
months), or localized rain resulting from the evaporation of water in the central mangroves of the
main island 1.
Flooding from rainfall has not been a major hazard to Grand Cayman. In the past however, some
low-lying areas have flooded moderately after heavy rainfall. There were flash floods, for example, in
August 2012 when there was reportedly 4.5 inches of rainfall over a short period. Annual total
rainfall averages a total of 56.4 inches, with October maintaining the highest average of 8.55 inches
over a 30-year period (1971-2000). March is the driest month at an average of around 1.36 inches
total rainfall. 2. During the 30-year period from 1983 to 2013, the maximum total rainfall in any given
day for a particular year ranged from 3 inches in 2007 to 19.4 inches during Hurricane Ivan in 2004.
The average maximum daily rainfall for this period was 8.1 inches.
The island is formed largely of limestone outcroppings with little soil. Two types of limestone form
most of the surface: bluff limestone, formed about 30 million years ago, and iron shore, a substance
created about 120,000 years ago, combining limestone with coral, mollusk shell, and marl 3. The
relatively high porosity of the limestone causes most rain to be quickly absorbed. Rainfall is
therefore typically a relatively minor hazard for the island.

1

Preliminary Vulnerability Assessment of Grand Cayman by NDAC, 2009.
Cayman Islands National Weather Service
3
Alonso-Zarza and Jones, 2007
2
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A more frequent case of flooding along the George Town coastline is caused by waves, whether
from tropical storms or Nor’westers. The overtopping of waves onto the port and Harbour Drive
occasional occurs making this area unusable. The proposed project is not likely to have adverse
impacts on this particular issue but that is a focus for another report (refer to Appendix D – Waves
and Coastal Processes). The focus of this report is the storm water drainage master plan to address
potential flooding from heavy rainfalls.

1.2 Local Storm Water Guidelines

The Planning Department issued storm water management guidelines for the Cayman Islands,
which were prepared by the National Roads Authority (NRA- Revised June 2006). The following
guidelines from this document are of particular relevance to this project:
•

The stormwater management system should be designed to include storm water runoff
produced from a rainfall intensity of 2 inches per hour for one hour of duration upon
completion of the project;

•

Ensure that surrounding properties that are lower and nearby public roadways are not
subject to stormwater runoff from this site;

•

The Drainage Master Plan (DMP) shall show general drainage direction and finished floor
elevations, showing a comprehensive drainage plan for the completed project. The DMP
must also contain the following:
o
o
o
o
o
o
o
o
o
o

Pre- and post-development run-off direction arrows;
Location, type, and size of existing and proposed drainage conveyance systems;
Existing and proposed runoff flows;
Location of any on-site or nearby existing drainage channels;
Existing drainage runoff rates;
Proposed run-off calculations;
Sizing calculations for stormwater facilities;
Contributing drainage area (on and off-site);
Storage capacity; and
Outlet configuration.

1.3 Assessment Methodology

As the primary objective is to ensure the proposed reclaimed area does not contribute to additional
flooding of the existing port area, a concept drain plan was developed to meet this specific objective.
This concept proposes a box drain along the entire north-to-south length of the proposed new
extension. The discharge is proposed to be at both ends of the drain into the sea. As such, the drain
would slope from its midpoint to the north and south discharge points. Such a drain should capture
flow from both the new proposed reclaimed area and the existing port area. Assuming this drain is
appropriately sized, the primary objective will be met.
Sizing of the drain involved a typical hydrologic and hydraulic analysis, selecting the design rainfall
intensity, delineating an appropriate catchment area, determining runoffs over this catchment area
and finally determining the adequate drain size to convey the runoff to its discharge point. A
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conservative approach was taken to assume that none of the runoff from the existing port area is
captured in the existing drains. This was done as these drains currently discharge into sink wells and
in the event of an intense rainfall, the discharge capacity may not be adequate to alleviate overflow
from these drains. The analysis carried out was as follows:
1. Delineate the catchment area for the project site based on contour maps of the project area
and George Town.
2. Analyze records of 24-hour rainfall activity for the Cayman Islands measured at several
gauge stations to determine the 2, 5, 10, 25, 50 and 100-year events.
3. Derive the one-hour rainfall intensity from appropriate rainfall distribution curves.
4. Carry out a hydraulic analysis of run-off using Civil-3D to determine the dimensions for the
drain.
5. Based on the flow rates in the drain, assess water quality impacts to the surrounding marine
environment for the new development.
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2 Site Conditions and Hydrology
2.1 Existing Topography and Site Drainage

A survey plan of the existing port as well as a DEM for Georgetown was provided by the CIG. This
data was merged with topographic survey data collected for this project. Figure 2.1 shows the
topography of the existing dock area merged with the proposed expansion plan for the layout under
consideration.

Figure 2.1 Topography of existing port and recent topographic survey, also with proposed layout

The figure shows that the deck area of the port is approximately 8 feet above mean sea level.
Harbour Drive and the adjoining roadways are at elevations of +10 to +11ft. The southern pier is at
+8ft while the northern pier is lower at +4ft. The area therefore currently naturally drains toward
the sea.
The existing storm water drainage at the site consists of two sections of grated box drains, one 65ft
long and the other 500ft long, as well as two individual manholes with a number of sink wells. These
drains should be capturing any flow from Harbour Drive on to the port area. The box-drains
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discharge into sink wells and are not directly connected to the sea. They are located towards the
southern end of the port directly in front of the access gates and guard house (Figure 2.2).

Figure 2.2 Existing drains and likely drainage paths

2.2 24-Hour Rainfall Activity

The National Meteorological Service of the Cayman Islands provided data on a rain gauge network
for a 30-year period from 1983 to 2013 inclusive. From this data, the maximum daily peaks for each
year were extracted. That is, the maximum rainfall recorded over a 24-hour period in each of those
years. Of the 31 values extracted, three values were deemed to be aberrations as the values were
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significant outliers for days when they were no systems in the area (Figure 2.3). As shown, the
annual maxima values range from 3.0in (77.2 mm) to 19in (491.8 mm), which occurred in 2004
during Hurricane Ivan.

Figure 2.3 Rainfall records for Cayman

The daily peak values shown were extracted across the entire country from the entire data set on the
Cayman rain gauge network. This was done as there were no gauges near George Town that had a
consistent set of data over the entire period. The resulting rainfall events were fit to a statistical
function describing their exceedance probability. The total rainfall values for various return periods
(2, 5, 10, 25, 50 and 100-year return periods) were determined from the best-fit statistical
distribution. The computed values of rainfall events for the return periods are shown in Figure 2.4
and summarized in Table 2-1.

Figure 2.4 Exceedance plot of maximum rainfall values
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Table 2-1 Maximum 24-hour rainfall for various return periods
Return Periods (years)

2

5

10

25

50

100

Max 24 hour rainfall, P (mm)

185.7

260.6

317.4

392.3

448.9

505.7

Max 24 hour rainfall, P (inches)

7.31

10.26

12.49

15.44

17.68

19.91

The analysis shows that Hurricane Ivan is an outlier among the records of rainfall. This event, being
a cyclone, is significantly different to the typical rain activity from thunderstorms or localized rain
from evapotranspiration. Ivan therefore has significant effect on the statistical representation of the
rainfall data. Therefore, although the analysis shows Ivan as being a 100-year event, to truly
understand the relative magnitude of Ivan, it was excluded from the data set and the rest of the data
statistically analyzed. This revised analysis showed that Hurricane Ivan represented a 250-year
rainfall event for Cayman.

2.3 O ne-Hour Rainfall Intensity

As the available rainfall record provides 24-hour rainfall measurements, the next step is to convert
this into typical rainfall events, which last in bursts of shorter time intervals. The 24-hour rainfall
distribution curve is essential to this analysis.
Previous work by HR Wallingford for the Caribbean Regional Building Standards project proposed
rainfall intensity-duration relationships as shown in Figure 2.5. The data shows that the 1-hour
rainfall intensity is 2.3in (58.3mm) for the 2-year return period. As such, the NRA’s proposed design
standard of 2in for 1 hour seems to represent a 2-year return period.
Several different types of rainfall distribution curves were considered for application to this project.
The United States Department of Agriculture Soil Conservation Service (USDA-SCS) developed
rainfall distribution curves from historical analysis of four types: I, IA, II, or III. Curve III is most
typically used in the Caribbean because the islands tend to have the same climate and approximately
the same altitudes as the area for which it was developed (Puerto Rico). However it is not tied to any
analysis conducted on rainfall by local authorities in Cayman.
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Figure 2.5 Intensity-Duration Frequency Relationships for Owen-Roberts Airport 4

Two rainfall distributions for Jamaica, the Ja–A and the Ja–Bx have been developed by the Jamaican
Water Resources Authority based on statistical analysis of hourly precipitation amounts through
various rainfall events. These curves could be applied to Cayman based on the similarities between
the islands. The three rainfall distribution curves considered applicable are plotted against the
fraction of 24-hour total distribution and are shown in Figure 2.6.
The Ja-Bx distribution has the most intense rainfall during the second quartile of the rainfall event
duration. Applying this distribution to the published 24-hour data allows the basin to respond with a
peak discharge that would be considered ‘worst case’. However the SCS-III curve is considered
more generally valid over a wider range of landscapes and climates and was thus selected for this
project.
The SCS-III curves for each of the maximum 24-hour rainfalls calculated is shown in Figure 2.7.

4

HR Wallingford Report – Development of Rainfall Intensity-Duration-Frequency Curves and
National Flood Hazards Maps
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Figure 2.6 Rainfall distribution curves
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Figure 2.7 Rainfall intensity curves for SCS III distribution
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Note that approximately 50% of the rainfall occurs between the 11th and 13th hour. This peak
intensity was extracted from the graph and is shown in Table 2-2.
Table 2-2 One-hour rainfall for various return periods
2-year
return
period

5-year
return
period

10-year
return
period

25-year
return
period

50-year
return
period

100-year
return
period

max rain in one hour (mm/hour)

48.3

67.8

82.5

102.0

116.7

131.5

max rain in one hour (inch/hour)

1.9

2.7

3.2

4.0

4.6

5.2

These results again show that the NRA’s standard of 2 inches is approximately the 2-year event.
These values are otherwise slightly higher than the HR Wallingford values. The 25-year event, for
example, is 3.6 inches (91.3 mm) while this analysis results in a value of 4 inches (102 mm).
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3 Storm Water Drainage Design
3.1 Climate Change

The climate change analysis carried out for this project by the Climate Studies Group of the West
Indies provided the following summary of historical and current rainfall activity for Cayman:
•

Significant year-to-year variability exists in the record due to the influence of phenomenon
like the El Nino Southern Oscillation (ENSO);

•

The inter-annual signal is the dominant contributor to variability;

•

There is an insignificant upward trend likely due more so to an upswing in the decadal signal;

•

The trend suggests more intense but slightly fewer rain events.

The report also projects the following:
•

Based on model predictions, there are only small changes in annual rainfall through the
2080s. A drying trend sets in toward the end of the century with up to 11% less total rainfall
for the most severe Representative Concentration Pathway (RCP) scenario suggested by the
Global Climate Models (GCMs).

•

Changes in summer rainfall will be greater than the annual change. The drying trend will set
in earlier with up to 3% less rainfall by 2021-2040, 6% less rainfall by 2041-2060, 10% less
rainfall by 2061-2080 and 17% less rainfall by 2081-2100.

•

Changes in rainfall are consistent with projections for the rest of the Caribbean. There is
strong agreement across models that there will be more variability in rainfall activity in the
future than variations observed in the historical data.

•

The extreme rainfall indices generally suggests more intense but fewer events.

The projected greater intensity of rainfall suggests that drains should be designed to accommodate
larger flows. Considering this, the 25-year event is proposed for design. The 25-year rainfall has an
intensity of 4 inches in 1 hour. This is two times the NRA recommendation of 2 inches.

3.2 Delineation of Catchment Area

The software package, Civil 3D, was used to aid the hydraulic analysis. The drainage area was
delineated as shown in Figure 3.1. The colours represent topography with the red areas being the
lowest at +4.0ft.
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Ridgeline

Figure 3.1 Modeled drainage area

Figure 3.1 also shows the boundaries of the drainage area modeled. The following are key
assumptions and inputs to the model which are also illustrated in the figure:
•

The proposed drain runs north to south along the intersection of the existing port and the
proposed new reclaimed area;

•

The new reclaimed area will slope up to a north to south ridgeline. While it must be noted
that the finished elevation of the new area will have to be finalized at another stage of the
project, reasonable assumptions were made for the purpose of the drainage calculations. A
+10ft elevation is assumed at the seaward edge of the dock. This area slopes up to the
proposed ridgeline at +11ft. The area then slopes towards the drain. As such, the
assumption is that only the area east of the ridgeline will convey runoff to the drain. This is a
likely design configuration so that overtopping from waves or rainfall run-off can be
channeled back towards the sea;

•

The drain flows in two directions from its mid-point and discharges into the sea;

•

The drainage area extends to an area east of Harbour Drive where the land slopes to its
highest point (dark blue) and then descends eastward (lighter blue); and

•

The presence of existing drains in the area is ignored.
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3.3 Run-off Analysis

The annex to this report shows the results of the hydraulic analysis in Civil 3D. The 25-year design
rainfall intensity of 4 inches (102mm) per hour was used. The annex also provides the details of the
input data, coefficients, channel flow formulae and the results of the analysis.
The program shows that an open channel drain, 30 inches deep by 36 inches wide will provide a
freeboard of 8 inches at maximum flow (there will be 8 inches from the top of water level to the top
of the drain). The estimated maximum flow rate in the drain is approximately 50 cubic feet per
second.
A preliminary site grading/drainage plan and conceptual drain details are provided in Figure 3.2 and
Figure 3.3 respectively. The highlights include:
•

The invert of the drain slopes at a grade of 0.5%;

•

8-inch diameter sink wells are proposed at intervals along the drain to lowest low water level;

•

Sediment traps are proposed at both ends of the drain. The sediment traps have been
designed to slow flow and allow sediments to drop out of suspension. Sink wells are also
incorporated in the sediment traps to avoid any post-runoff settlement of water;

•

A stainless steel grating is proposed to cover the drain;

•

Intermittent drain crossings, including 30 feet wide concrete driveway and 8 feet wide
walkways;

•

Wave/flood wall around the exposed perimeter of the land reclamation area to limit flooding
of the site due to wave overtopping during storms.
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Wave/Flood Wall (elevation tbd)
Access Openings (modular barriers)
Figure 3.2 Proposed storm water drainage master plan and wave/flood wall
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Figure 3.3 Concept design of proposed drain and sediment traps
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4 Impact Assessment

Potential impacts as identified by the terms of reference are discussed following with proposed
mitigation strategies for the proposed drainage master plan. Table 4-1summarises the potential
impact and mitigation offered by the proposed drainage plan.
Table 4-1 Potential impacts and mitigation offered by proposed drainage plan
Potential Impacts
Inadequate drainage of the development leading to flood
damage or interruption to operations.

An increase in stormwater discharge leading to increased
flooding of neighbouring properties.

Mitigation measure by proposed Master Plan
The proposed drain is designed to capture runoff from
both the existing and proposed port areas. The drain has a
free board (excess capacity) of 8 inches at peak flow during
a 1 in 25 year event. This design event carries twice as
much run-off as the NRA’s recommended design value.
The additional reclaimed area will either drain into the
proposed box drain or directly into the sea. Discharge
from the drain goes directly into the sea and does not
interfere with neighbouring drains.

Damage to existing drainage infrastructure and subsequent
flooding of neighbouring properties or infrastructure

The Environmental Management Plan should specify that
construction activities should not damage or block existing
drainage pathways.

Blockage of existing overland drainage routes or the
diversion of additional flooding towards existing
properties.

The proposed drain does not interfere with existing
drainage pathways.

The primary potential adverse impacts of the proposed development as it relates to storm water is
that the new reclaimed area doubles the surface runoff that currently exists in the port area. In
relation to the total catchment area, the new reclamation increases the area by around 70%. As such,
the additional area introduces a greater surface for collection of contaminants that will eventually be
washed into the sea. During heavy rainfall events, when the sink wells cannot adequately
accommodate the runoff, there will be point flows into the sea at the points of discharge. Any
contaminants (grease, oils, mud, etc.) washed from the surface of the port area may be discharged
into the sea at outlets on the north and south side of the project. The grating cover will prevent large
debris from entering the drain. Further, the sink wells are intended to capture the runoff and its
contaminants during periods of light showers. The sink wells will also capture contaminants washed
off the surface at the start of the rainfall and during light showers. The silt traps further provide an
area for collection of silt and debris. During heavy showers and after the sink wells exceed their
capacity to collect run-off, the drain will discharge to the sea.
The impact on the nearshore water quality was carried out using the numerical model MIKE 21,
discussed in great detail in other reports. The objective of this exercise was to evaluate the difference
between the impacts of storm water flow on the marine environment for the existing port and the
proposed new port with the proposed drain in place. The fundamental difference between existing
and proposed scenarios is that while the existing scenario involves mostly surface runoff from the
port, the proposed plan has two focused point discharges. Figure 4.1 shows the discharge points for
the two scenarios as well as four sample points above coral reefs, north and south of the proposed
new dock.
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North
Shoreline

North Reef

South Reef
South
Shoreline

Figure 4.1 Discharge points for existing and proposed plans

The 25-year discharge rate (50 cubic feet per second (1.41m3/s)) for the proposed drain was the
input for the proposed scenario (labeled as Option C in the figures). This value was divided among
four discharge points for the existing scenario to be more representative of surface run-off. The
model was simulated for a 1-day period. The 1-day discharge was used as input and as discussed
previously, peak rainfall occurs over a short period of time between the 12th and 13th hours (Figure
4.2.)
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Figure 4.2 Hydrograph of freshwater discharge from the drain

The graphs in Figure 4.3 compare salinity variation between the existing and proposed scenarios at
the four sampling points. Salinity was used as an indicator parameter for several reasons: i)the sink
holes are likely to collect initial concentrations of pollutants that are washed into the drains; ii) low
sustained salinity can adversely impact corals; iii) freshwater also correlates well with temperature
changes. The results indicate that the new drainage will reduce salinity levels along the shoreline but
not at the areas where primary coral coverage exists. With the focused run-off at the north and
south sides of the pier, the freshwater is pushed further along the shoreline than what currently
happens. There is a 3-6% decrease in salinity. This salinity drop occurs over a period of 12-18 hours.
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Figure 4.3 Salinity variation at sampling points in the nearshore area for existing and proposed drainage
(Option C) scenarios

The proposed drainage plan will cause 3-6% lower salinity along the shoreline over a period of 12-18
hours in areas close to the shore. In contrast, the areas of high coral coverage further offshore will
experience a smaller reduction in salinity than what occurs for the existing port.
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5 Discussion
5.1 Summary

A storm water drainage concept plan has been developed for the proposed cruise berthing facility
considering the following key objectives:
•

The reclaimed area should not increase the vulnerability of the rest of the port area to
flooding;

•

Outflow to the sea from day-to-day light showers should be minimized if at all possible; and

•

The potential impacts of climate change should be considered.

A rainfall intensity analysis was developed using available rainfall data from an island-wide network
of gauges. The analysis started with maximum rainfall observations made within a 24-hour period
from a 31-year period of record. The 24-hour rainfall data was represented by rainfall distribution
curves that indicated the rainfall intensity distribution on an hourly basis. The values obtained were
then applied to run-off models to develop an appropriate drainage plan for the proposed new area.
It is noted that the proposed new land reclamation area doubles the run-off of the existing port and
effectively represents a 70% increase to the catchment area.
The impact of the increased run-off from two discharge points was evaluated with MIKE 21. The
results showed that the proposed development will lead to a larger footprint of distribution of
freshwater during heavy rainfall events. This, however, occurs primarily along the nearshore area and
reduces salinity at these areas by 3-6% over 12-18 hours during the 25-year return period event.

5.2 Mitigation Measures

The highlights of the proposed storm water drainage concept plan as well as the mitigation measures
incorporated in the proposed design are as follows:
•

The drainage system is proposed to be designed for a 25-year rainfall event. Typically, the 5year event is used for municipal drainage, while the 50 to 100-year event is used for major
storm water channels. For this project, considering the importance of continued operation
through the cruise season, and the projected increase in rainfall intensity due to climate
change, the 25-year event is recommended to be adopted for the drainage system design.

•

A grated box-drain is proposed along the intersection of the existing port area and the new
land reclamation area; the top of this drain will match the elevation of the existing port area.

•

Storm water from the existing port area will flow into this drain. The new land reclamation
area be divided by a north-to-south “ridgeline”; storm water west of this ridgeline will flow
west and into the sea, while storm water from east of this ridgeline will flow east and into the
drainage channel.

•

Vehicular and pedestrian access will be required across the drain; stainless steel grating is
recommended.

•

The invert of the box drain will slope to the sea north and south of its midpoint.
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As a mitigation strategy to the possible adverse impacts:
•

•

Sink wells are recommended within the drain to minimize low-flow discharge into the sea.
During light showers, the sink wells will be able to capture any flow in the drain similar to
what happens with the existing drainage system. These wells will also collect silt and
pollutants washed off the ground surface in the early stages of a rainfall. Even though the
water table is high (high water mark), the low flows from light showers are expected to be
absorbed as quickly as the permeability of the reclaimed area will allow.
Silt traps are proposed at both ends of the drain. These are expected to slow and collect the
runoff from light showers to allow sediments and debris to drop out. These traps can be
cleaned through routine maintenance programs. Sink wells have also been proposed within
these traps to avoid long term settlement of water.

•

Sink wells are recommended in the area west of the ridgeline. These sink wells will further
reduce the predicted minimal impacts of fresh water on corals in the marine environment.

•

The proposed drainage plan captures any flow from the newly reclaimed area and in fact will
reduce the vulnerability of the existing port area to flooding.

The land side master plan and design development process for the project should include
consideration of the following factors to mitigate potential adverse impacts on the storm water
drainage system:
•

Provide a wave/flood wall around the exposed perimeter of the land reclamation area (as
shown in Figure 3.2) to limit site flooding due to overtopping during severe storms.

•

Make the open areas pervious, to reduce surface flow, especially during light showers. It
should be noted however that the outside perimeter of the area will have to be hardscaped to
resist damage from severe wave overtopping.
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Annex: Civil 3D Results

SMITH WARNER INTERNATIONAL LIMITED

MAY 2015

Project Description
File Name ......................................................... cpr-ssa.SPF

Project Options
Flow Units ........................................................
Elevation Type .................................................
Hydrology Method ............................................
Time of Concentration (TOC) Method .............
Link Routing Method ........................................
Enable Overflow Ponding at Nodes .................
Skip Steady State Analysis Time Periods ........

CMS
Elevation
SCS TR-20
SCS TR-55
Kinematic Wave
YES
YES

Analysis Options
Start Analysis On .............................................
End Analysis On ...............................................
Start Reporting On ...........................................
Antecedent Dry Days .......................................
Runoff (Dry Weather) Time Step .....................
Runoff (Wet Weather) Time Step ....................
Reporting Time Step ........................................
Routing Time Step ...........................................

Jan 21, 2015
Jan 23, 2015
Jan 21, 2015
0
0 01:00:00
0 00:05:00
0 00:05:00
30

00:00:00
00:00:00
00:00:00
days
days hh:mm:ss
days hh:mm:ss
days hh:mm:ss
seconds

Number of Elements
Rain Gages ......................................................
Subbasins.........................................................
Nodes................................................................
Junctions .................................................
Outfalls ....................................................
Flow Diversions .......................................
Inlets ........................................................
Storage Nodes .........................................
Links..................................................................
Channels .................................................
Pipes ........................................................
Pumps .....................................................
Orifices ....................................................
Weirs .......................................................
Outlets .....................................................
Pollutants .........................................................
Land Uses ........................................................

Qty
1
4
5
3
2
0
0
0
3
3
0
0
0
0
0
0
0

Rainfall Details
SN Rain Gage
ID
1

Data
Source

Data Source Rainfall
ID
Type

Rain Gage-01 Time Series TS-01

Cumulative

Rain State County Return
Units
Period
(years)
mm

Rainfall Rainfall
Depth Distribution
(mm)
0.00

Subbasin Summary
SN Subbasin Area Weighted
Total
ID
Curve Rainfall
Number
(ha)
(mm)
1 Zone-1
2.51
72.00 379.61
2 Zone-2
0.70
72.00 379.61
3 Zone-3
0.59
72.00 379.61
4 Zone-4
1.94
72.00 379.61

Total
Runoff
(mm)
282.35
282.35
282.35
282.35

Total Peak
Time of
Runoff Runoff
Concentration
Volume
(ha-mm) (cms) (days hh:mm:ss)
709.24 0.61
0 00:10:01
196.38 0.17
0 00:06:17
165.94 0.14
0 00:06:51
548.80 0.47
0 00:08:39

Node Summary
SN Element
ID

Element
Invert Ground/Rim
Initial Surcharge Ponded Peak Max HGL
Max
Min
Time of
Total Total Time
Type
Elevation
(Max)
Water Elevation
Area Inflow Elevation Surcharge Freeboard
Peak Flooded
Flooded
Elevation Elevation
Attained
Depth Attained
Flooding Volume
Attained
Occurrence
(m)
(m)
(m)
(m)
(m²) (cms)
(m)
(m)
(m) (days hh:mm) (ha-mm)
(min)
1 MH#76
Junction
-0.25
0.95
-0.25
0.95
0.00 0.61
0.51
0.00
0.44
0 00:00
0.00
0.00
2 MH#78
Junction
-0.25
0.95
-0.25
0.95
0.00 0.77
0.30
0.00
0.65
0 00:00
0.00
0.00
3 MH#79
Junction
-0.35
0.95
-0.35
0.95
0.00 0.77
0.30
0.00
0.65
0 00:00
0.00
0.00
4 Out-1P#71 Outfall
0.00
0.61
0.46
5 Out-1P#73 Outfall
-0.35
0.77
0.20

Link Summary
SN Element Element From
ID
Type
(Inlet)
Node

1 P#71
2 P#72
3 P#73

To (Outlet) Length
Node

(m)
Channel MH#76 Out-1P#71 121.52
Channel MH#78 MH#79
75.17
Channel MH#79 Out-1P#73 43.05

Inlet
Outlet Average Diameter or Manning's Peak Design Flow Peak Flow/ Peak Flow Peak Flow Peak Flow Total Time Reported
Invert
Invert
Slope
Height Roughness Flow
Capacity Design Flow
Velocity
Depth
Depth/ Surcharged Condition
Elevation Elevation
Ratio
Total Depth
Ratio
(m)
(m)
(%)
(mm)
(cms)
(cms)
(m/sec)
(m)
(min)
0.05
0.00 0.0400
900.000
0.0130 0.61
1.45
0.42
1.33
0.46
0.51
0.00
-0.25
-0.25 0.0000
900.000
0.0130 0.77
1.45
0.53
1.41
0.55
0.61
0.00
-0.35
-0.35 0.0000
900.000
0.0130 0.77
1.45
0.53
1.41
0.55
0.61
0.00

Subbasin Hydrology
Subbasin : Zone-1
Input Data
Area (ha) ........................................................................ 2.51
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

Composite Curve Number
Soil/Surface Description
Composite Area & Weighted CN

Time of Concentration
TOC Method : SCS TR-55
Sheet Flow Equation :
Tc = (0.007 * ((n * Lf)^0.8)) / ((P^0.5) * (Sf^0.4))
Where :
Tc = Time of Concentration (hr)
n = Manning's roughness
Lf = Flow Length (ft)
P = 2 yr, 24 hr Rainfall (inches)
Sf = Slope (ft/ft)
Shallow Concentrated Flow Equation :
V = 16.1345 * (Sf^0.5) (unpaved surface)
V = 20.3282 * (Sf^0.5) (paved surface)
V = 15.0 * (Sf^0.5) (grassed waterway surface)
V = 10.0 * (Sf^0.5) (nearly bare & untilled surface)
V = 9.0 * (Sf^0.5) (cultivated straight rows surface)
V = 7.0 * (Sf^0.5) (short grass pasture surface)
V = 5.0 * (Sf^0.5) (woodland surface)
V = 2.5 * (Sf^0.5) (forest w/heavy litter surface)
Tc = (Lf / V) / (3600 sec/hr)
Where:
Tc = Time of Concentration (hr)
Lf = Flow Length (ft)
V = Velocity (ft/sec)
Sf = Slope (ft/ft)
Channel Flow Equation :
V = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
R = Aq / Wp
Tc = (Lf / V) / (3600 sec/hr)
Where :
Tc = Time of Concentration (hr)
Lf = Flow Length (ft)
R = Hydraulic Radius (ft)
Aq = Flow Area (ft²)
Wp = Wetted Perimeter (ft)
V = Velocity (ft/sec)
Sf = Slope (ft/ft)
n = Manning's roughness

Area
(ha)
2.51
2.51

Soil
Curve
Group Number
72.00
72.00

Sheet Flow Computations
Manning's Roughness :
Flow Length (m) :
Slope (%) :
2 yr, 24 hr Rainfall (mm) :
Velocity (m/sec) :
Computed Flow Time (min) :

Shallow Concentrated Flow Computations
Flow Length (m) :
Slope (%) :
Surface Type :
Velocity (m/sec) :
Computed Flow Time (min) :
Total TOC (min) ..................10.02

Subarea
A
0.010
33
2
5.50
0.39
4.60

Subarea Subarea
B
C
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Subarea
A
227.53
2
Unpaved
2.30
5.42

Subarea Subarea
B
C
0.00
0.00
0.00
0.00
Unpaved Unpaved
0.00
0.00
0.00
0.00

Subbasin Runoff Results
Total Rainfall (mm) ........................................................
Total Runoff (mm) ..........................................................
Peak Runoff (cms) .........................................................
Weighted Curve Number ...............................................
Time of Concentration (days hh:mm:ss) ........................

379.61
282.35
0.61
72.00
0 00:10:01

Subbasin : Zone-1

Subbasin : Zone-2
Input Data
Area (ha) ........................................................................ 0.70
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

Composite Curve Number
Soil/Surface Description
Composite Area & Weighted CN

Area
(ha)
0.70
0.70

Soil
Curve
Group Number
72.00
72.00

Time of Concentration
Sheet Flow Computations
Manning's Roughness :
Flow Length (m) :
Slope (%) :
2 yr, 24 hr Rainfall (mm) :
Velocity (m/sec) :
Computed Flow Time (min) :

Shallow Concentrated Flow Computations
Flow Length (m) :
Slope (%) :
Surface Type :
Velocity (m/sec) :
Computed Flow Time (min) :
Total TOC (min) ..................6.29

Subarea
A
0.010
33
2
5.50
0.39
4.60

Subarea Subarea
B
C
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Subarea
A
70.94
2
Unpaved
2.30
1.69

Subarea Subarea
B
C
0.00
0.00
0.00
0.00
Unpaved Unpaved
0.00
0.00
0.00
0.00

Subbasin Runoff Results
Total Rainfall (mm) ........................................................
Total Runoff (mm) ..........................................................
Peak Runoff (cms) .........................................................
Weighted Curve Number ...............................................
Time of Concentration (days hh:mm:ss) ........................

379.61
282.35
0.17
72.00
0 00:06:17

Subbasin : Zone-2

Subbasin : Zone-3
Input Data
Area (ha) ........................................................................ 0.59
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

Composite Curve Number
Soil/Surface Description
Composite Area & Weighted CN

Area
(ha)
0.59
0.59

Soil
Curve
Group Number
72.00
72.00

Time of Concentration
Sheet Flow Computations
Manning's Roughness :
Flow Length (m) :
Slope (%) :
2 yr, 24 hr Rainfall (mm) :
Velocity (m/sec) :
Computed Flow Time (min) :

Shallow Concentrated Flow Computations
Flow Length (m) :
Slope (%) :
Surface Type :
Velocity (m/sec) :
Computed Flow Time (min) :
Total TOC (min) ..................6.86

Subarea
A
0.010
33
2
5.50
0.39
4.60

Subarea Subarea
B
C
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Subarea
A
94.88
2
Unpaved
2.30
2.26

Subarea Subarea
B
C
0.00
0.00
0.00
0.00
Unpaved Unpaved
0.00
0.00
0.00
0.00

Subbasin Runoff Results
Total Rainfall (mm) ........................................................
Total Runoff (mm) ..........................................................
Peak Runoff (cms) .........................................................
Weighted Curve Number ...............................................
Time of Concentration (days hh:mm:ss) ........................

379.61
282.35
0.14
72.00
0 00:06:52

Subbasin : Zone-3

Subbasin : Zone-4
Input Data
Area (ha) ........................................................................ 1.94
Weighted Curve Number ............................................... 72.00
Rain Gage ID ................................................................. Rain Gage-01

Composite Curve Number
Soil/Surface Description
Composite Area & Weighted CN

Area
(ha)
1.94
1.94

Soil
Curve
Group Number
72.00
72.00

Time of Concentration
Sheet Flow Computations
Manning's Roughness :
Flow Length (m) :
Slope (%) :
2 yr, 24 hr Rainfall (mm) :
Velocity (m/sec) :
Computed Flow Time (min) :

Shallow Concentrated Flow Computations
Flow Length (m) :
Slope (%) :
Surface Type :
Velocity (m/sec) :
Computed Flow Time (min) :
Total TOC (min) ..................8.66

Subarea
A
0.010
33
2
5.50
0.39
4.60

Subarea Subarea
B
C
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Subarea
A
170.57
2
Unpaved
2.30
4.06

Subarea Subarea
B
C
0.00
0.00
0.00
0.00
Unpaved Unpaved
0.00
0.00
0.00
0.00

Subbasin Runoff Results
Total Rainfall (mm) ........................................................
Total Runoff (mm) ..........................................................
Peak Runoff (cms) .........................................................
Weighted Curve Number ...............................................
Time of Concentration (days hh:mm:ss) ........................

379.61
282.35
0.47
72.00
0 00:08:40

Subbasin : Zone-4

Junction Input
SN Element
Invert Ground/Rim Ground/Rim
Initial Initial Surcharge Surcharge Ponded Minimum
ID
Elevation
(Max)
(Max)
Water Water Elevation
Depth
Area
Pipe
Elevation
Offset Elevation Depth
Cover
(m)
(m)
(m)
(m)
(m)
(m)
(m)
(m²)
(mm)
1 MH#76
-0.25
0.95
1.20
-0.25 0.00
0.95
0.00
0.00
0.00
2 MH#78
-0.25
0.95
1.20
-0.25 0.00
0.95
0.00
0.00
0.00
3 MH#79
-0.35
0.95
1.30
-0.35 0.00
0.95
0.00
0.00
0.00

Junction Results
SN Element Peak Peak Max HGL Max HGL
Max
Min Average HGL Average HGL
Time of
Time of
Total Total Time
ID
Inflow Lateral Elevation
Depth Surcharge Freeboard
Elevation
Depth
Max HGL
Peak Flooded
Flooded
Inflow Attained Attained
Depth Attained
Attained
Attained
Occurrence
Flooding Volume
Attained
Occurrence
(cms) (cms)
(m)
(m)
(m)
(m)
(m)
(m) (days hh:mm) (days hh:mm) (ha-mm)
(min)
1 MH#76
0.61
0.61
0.51
0.76
0.00
0.44
0.09
0.34
0 10:10
0 00:00
0.00
0.00
2 MH#78
0.77
0.77
0.30
0.55
0.00
0.65
-0.20
0.05
0 10:10
0 00:00
0.00
0.00
3 MH#79
0.77
0.00
0.30
0.65
0.00
0.65
-0.20
0.15
0 10:11
0 00:00
0.00
0.00

Channel Input
SN Element Length
ID

1 P#71
2 P#72
3 P#73

(m)
121.52
75.17
43.05

Inlet Inlet
Outlet Outlet Total Average Shape
Height Width Manning's Entrance Exit/Bend Additional Initial Flap
Invert Invert
Invert Invert Drop
Slope
Roughness Losses
Losses
Losses Flow Gate
Elevation Offset Elevation Offset
(m)
(m)
(m)
(m) (m)
(%)
(m)
(m)
(cms)
0.05 0.30
0.00 0.00 0.05 0.0400 Rectangular 0.900 1.000
0.0130
0.5000
0.5000
0.0000 0.00 No
-0.25 0.00
-0.25 0.10 0.00 0.0000 Rectangular 0.900 1.000
0.0130
0.5000
0.5000
0.0000 0.00 No
-0.35 0.00
-0.35 0.00 0.00 0.0000 Rectangular 0.900 1.000
0.0130
0.5000
0.5000
0.0000 0.00 No

Channel Results
SN Element
ID

Peak
Flow

1 P#71
2 P#72
3 P#73

(cms)
0.61
0.77
0.77

Time of Design Flow Peak Flow/ Peak Flow Travel Peak Flow Peak Flow Total Time Froude Reported
Peak Flow
Capacity Design Flow
Velocity Time
Depth
Depth/ Surcharged Number Condition
Occurrence
Ratio
Total Depth
Ratio
(days hh:mm)
(cms)
(m/sec) (min)
(m)
(min)
0 10:11
1.45
0.42
1.33 1.52
0.46
0.51
0.00
0 10:11
1.45
0.53
1.41 0.89
0.55
0.61
0.00
0 10:11
1.45
0.53
1.41 0.51
0.55
0.61
0.00

