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1. Definition of Flooding 

Flooding has been defined as:

“a general and temporary condition of partial or complete inundation of normally dry land areas from overflow of inland waters or from the usual and rapid runoff of surface waters from rainfall.”

Such an anthropocentric definition matches the scope of the project, which is mainly concerned with the ill effects of flooding on the economic development of Antigua and Barbuda.  The study is limited in its consideration of the ill effects due to flooding and it makes no attempt to examine any of the positive benefits, such as production of fertile soils for agriculture on floodplains. 

This definition is suitable for assessing the nature of the flood hazard on the two islands as the predominant concern, certainly in Antigua, is due to flooding caused by inadequate capacity of the streams, creeks and drains to discharge runoff from the watersheds into the sea or ponds.  It does not consider inundation from storm surges. It does not consider floods due to dam breaks as the dams on Antigua are too small to be of concern.

The consideration is not extended toward damage solely caused by fast moving water that does not overflow the banks, causing bank erosion and subsequent land slippage. 

Inland waters refer to the drains, rivers, creeks and any other infrastructural component used for conveying excess water away from the lands.

The phenomenon triggering bank overflow is here limited to extreme rainfall events, not only the ones associated with hurricanes, as it is the characteristic of the rainfall, not the meteorological system causing it, that produces the runoff that may or may not cause bank overflows.  In the recent past, however, most if not all major flooding has been caused by rainfall from hurricanes.

2. Nature of Flood Hazard

It is to be noted that the phenomenon being considered is flooding and not extreme rainfall, the trigger of the flood.  Therefore, in considering the nature of the hazard, the effects of inundation are only to be examined, that is of water flowing over places that are meant to be dry. The hazard associated with fast moving water within the drainage channels are not to be addressed.

In Antigua and, to a lesser extent, Barbuda flooding has been responsible for significant social and economic losses including recorded loss of human lives due to drowning  (three (3) deaths from Hurricane Georges, one (1) from Hurricane Lenny).  No estimates were readily available for the cost of repairing or replacing damaged infrastructure such as bridges, retaining walls, culverts and roadways, nor for the cost of damage to personal property, but these losses are expected to be significant.  Realized losses may also have included damage to crops before and after harvesting; loss of livestock to drowning, cost of treating persons who may have contracted water borne diseases or may have been exposed to contaminants and pollutants dissolved or carried by flood waters.  Flood waters ponded in depressions may have provided breeding grounds for mosquitoes that may have subsequently been the vector for spreading various associated diseases.  Flooding events have caused major inconveniences, disrupted the normal pattern of community activity, and by inundating public roads, it has limited free movement of the workforce that may have a negative impact on productive output.  The road network infrastructure is particularly susceptible to inundation as it is not normally elevated above surrounding lands; or if they are elevated, the culverts and bridges either are originally inadequate, or they become blocked by debris during intense rainfall.

This flood hazard mapping project for Antigua and Barbuda is to determine the variation of the magnitude of the flood hazard across the two islands.  

3. Methodology

In the draft report of this document, the methodology proposed described requirements of detailed flood mapping, such that the resulting delineation provided information on the water levels, to accuracy of about 150 mm, within flood hazard zones.  This is the normal approach to floodplain mapping and doing so requires rigorous hydraulic analyses, using accurate topographical information about the floodplains and rivers.  Unfortunately, this information was not available for the two islands, save some field information on the flooding produced by Hurricane Lenny within the Cook Creek Watershed.  With such data limitations, the eventual mapping could not be based on the traditional approach, but instead it was restricted first to identifying the areas that are prone to flooding and then further categorizing these areas according to rough estimates of the flood levels expected within the areas.

The characteristics of areas prone to flooding are as follows:

· they have very gentle slopes—0.2% to 0.5% (2 to 5 metres in 1 kilometre)—and are likely to be poorly drained as their streams also are likely to have a very small slope;

· their natural drainage may be constricted owing to, for example, a heavily vegetated area, such as mangrove forests, a meandering stream, or to tidal influences.  If communities are located around the outlet, then the hydraulic structures, such as bridges and culverts, may constrict flows and thus may further limit the natural carrying capacity of the rivers;

· they have large ratios of the contributing watershed area to their floodplain area; 

· they are so positioned within the watershed that runoff from the surrounding lands concentrate at the floodplain.  For watersheds with long longitudinal axes, the time of arrival of a flood wave is generally longer than for equivalent watersheds having shorter longitudinal axes;

· The surrounding land has a high runoff potential, due to impervious soils, impervious ground cover, or/and limited abstraction losses by vegetative cover.

Thus the methodology aims at locating areas having the abovementioned properties.  The approach for producing the flood maps was as follows:

1. Identify areas, called floodplains, having mild slopes (0.2% to 0.5%);

2. for each plain, delineate the watershed draining into the plain and then determine the ratio between the watershed area and plain area (from (i) above);

3. for a particular 24-hour return period rainfall, generate runoff hydrographs discharging into the plain, based on the shape, the drainage network, the soil properties and the landuse.

4. from the hydrographs, determine the volume entering the plain and estimate an average discharge rate over the hydrograph period.

5. estimate a discharge rate from the plains and use it to determine the maximum volume of water (expressed as depth of water) that is likely to be stored on the plain.

6. determine the hazard category of each plain according to water depth within the plain from the 100 year return period storm (roughly equivalent to the maximum 24 hour rainfall period within Hurricane Lenny), using the following classification:

Table 1  Hazard classification according to mean depth of water.

Water Depth (mm)
Hazard

>600
Very High

600-300
High

300-150
Moderate

150-50
Low

<50
Very Low

The categorization of the hazard in this way provides a measure of the magnitude of flooding to be expected from such an event.  It also provides a measure, certainly by rank if not in absolute terms, of the severity of flooding among the identified zones.

The category “water depth” represents the mean water depth possible over the entire plain from the maximum 24-hour period of Hurricane Lenny based on certain assumptions of the rate of drainage from the plain.

If there was zero discharge from the plain then the water depth would be equivalent to the product of rainfall depth of the 100 year return period storm and the ratio of watershed area to floodplain area.  Thus for a storm of 250 mm in which the watershed area was 5 times larger than the floodplain, then the water depth would be 1250 mm (or about 4 feet).  The “no drainage” condition is of course not the case as drainage occurs simultaneously as inflow and this will reduce the depth of water stored on the plains.  The most restricted drainage would perhaps have a discharge no more than about 50% of the average rate of flow input into the plains (that is it would take another 24 hours for complete discharge of the water from the rainfall event).  Such a drainage rate implies that for plains categorized as “very high,” the maximum water ponded on the plain would be equivalent to a mean depth of about 600 mm (2 feet).  This mean depth would imply that in some places close to the creeks, and at constrictions, water depths may be equivalent to the average height of a person.  Very low hazard associated with a depth of 50 mm suggests that the required conveyance capacity of the typical drainage scheme would match the generated flows even allowing for some blockage.  The other three categories were somewhat arbitrarily divided between these two extreme values. 

While the categorization is based on the 24-hour storm produced by Hurricane Lenny having a depth of 242 mm (about 9 inches) and whose return period perhaps was in the order of 100 years, the same order of ranking of the plains would result for storms with smaller return periods, except that the categories would be based on different water depth magnitudes.

The approach adopted here is different from the previous one in the draft report in which an attempt was made to investigate the conveyance capacities of the rivers and creeks.  Information is indeed very limited not just for the rivers, but also for their floodplains.  Although there would be estimates of water depths produced from such an approach, the uncertainties about their reliability had been mentioned in the draft report.  The approach suggested here more appropriately matches the reality of limited data and would not provide any false impressions about the expected water level at a particular place.  The results do point to the areas within which further refinement should be undertaken, starting of course with the ones in the very high hazard category.

5 Application of the Methodology

1. Identify potential floodplains

ArcView 3.1 was used for identifying areas of mild slopes.  As far as possible these results were corroborated with field data.  Ideally, the identification prior to the field visit should have been done, but the timing of the development of this new methodology did not allow for this.  It is possible that a few areas might have been missed; it is also possible that the field trip would reveal that some areas might have been oversized.

2. Determine the watersheds draining into the floodplains

ArcView 3.1 was also used for defining the watersheds draining into the areas identified at 1 above.  The areas (km2) were also obtained from the software.

3. Rainfall

The objective is to produce the critical storm that can then be used for deriving runoff hydrographs for the watersheds surrounding the plains.  The critical storm is defined in terms of its depth of rainfall, duration, the distribution of the rainfall depth over the duration of the storm, and the spatial extent of the storm over the watershed.  The required data include:  (i) continuous daily rainfall from at least one raingauge, for at least ten years; (ii) rainfall from one automatic rainfall station that measures rainfall continuously during the event.

For Antigua, six years of data, from 1995-2000, were obtained from the Meteorological Office. These records were from manual readings of a “pot gauge” and it is here assumed that gauges were read at 800 Hours, the universally accepted start of a hydrologic day.  The records were supplied in hardcopy format, transmitted via fax.  They were subsequently input into an EXCEL spreadsheet in two-column format—one for the date, the other for the measured rainfall record—which facilitates manipulation of the data set.  Rainfall records collected at Trinity School in Barbuda were provided in digital format in LOTUS 123 Workbook.  It consisted of daily values measured since 1993.  These records will have to be extracted using the appropriate software and reformatted in the preferred two-column format.  

From these records, the maximum daily rainfall for Antigua for each year was extracted for statistical analysis.  The resulting series is shown in Table 2 below:

Table 2  Annual Maximum Daily Rainfall for Antigua, 1995-2000

Year
1995
1996
1997
1998
1999
2000

Maximum Daily Rainfall (mm)
151.8
41.3
22.4
115.2
241.8
114.8

These databases may be too small to contain data representing the entire rainfall variability experienced on the islands.  A rule of thumb among hydrologists is that for a representative sample of the entire range of weather conditions in a region, the length of rainfall records should be between ten and twenty years.  This does not mean that shorter periods of rainfall cannot be used, except that results based on such a short database should periodically be checked and upgraded as new data become available.

A noticeable limitation in short databases is the extent to which they can yield representative rainfall magnitudes at long return periods.  For frequency analyses, for example, extrapolation to return periods beyond about twice the length of the database is not usually advisable.  And so for Antigua and Barbuda, return periods only up to about 20 years may be reliable.  But the evidence suggests that the return period of rainfall from Hurricane Lenny was much longer than 20 years.  As far as persons interviewed can remember, no event having such rainfall amounts had ever occurred on the island and thus Hurricane Lenny has been estimated in this study to have a return period in the order of 100 years.

A series of annual maximum daily rainfall is normally well represented by the Gumbel Type I probability distribution (Chin, 2000) and so this distribution was applied to the rainfall data.  The rainfall amounts for various return periods are shown in Table 3 below.  Some caution in the use of this data for assessing the long term rainfall trends on Antigua is required since this period of available rainfall (1995-2000) may not be representative of long term rainfall patterns over the island.  Within this period, hurricane hits on the island resumed and occurred at high frequencies, at least one per year, except in 1996 and 1997.  Previous to 1995, hurricane hits had occurred at far smaller frequencies.  It has been noted that hurricanes experienced within this period were accompanied with rainfall in excess of 100 mm.  If these records were excluded from the rainfall series, then annual maximum daily rainfall amounts would not exceed 85 mm.   Bearing this in mind, the Gumbel Type I distribution was applied, but it is recommended that as soon as additional rainfall data become available, especially of rainfall prior to 1995, then the analysis should be repeated; wherever the results from the analysis had been used in subsequent analyses, then these too should be repeated.

Table  3 Annual daily rainfall for various return periods

Return Period
2
5
10

Rainfall (mm)
101.5
171.6
218.0

Temporal Distribution

As much as daily rainfall data actually recorded on the island were available, these records are not directly useful for determining peak flows from watersheds with times of concentration significantly less than 24 hours.  All of the watersheds on the island have small times of concentration (see Table 4 below).  It is therefore necessary to know how the daily rainfall had been distributed over the 24 hours and perhaps divide this daily rainfall into smaller storms having durations that match the estimated times of concentration.  Had continuous rainfall recorders been installed on the island then their records could have been used for determining the temporal distribution pattern of daily rainfall.  In the absence of such records, use was made of the standard curves produced by the Soils Conservation Service of the United States.  These curves have been derived from a very long database of rainfall measured continuously over 6-minute intervals for gauges scattered throughout the United States.  Even though these curves should strictly be applied within the regions for which they have been developed, these curves have been applied in areas far removed from the United States.  Various research efforts where continuous records were available have compared these standard distributions with locally obtained distributions (NEDECO, 1998).  More often than not, the research found that the local temporal distributions fitted closely one of the standard curves; however, which one of the curves is most suitable need to be determined.

It has been suggested that for the Caribbean Region, the Type III curve is most adequate.  This is the curve used for the southern regions of United States and Puerto Rico whose precipitation patterns resemble that of the Caribbean region.  A recent project in Trinidad, which is the most southerly of the Caribbean islands, found that data from continuous rainfall recording of several rainfall events fitted the Type III curves best.  It does not necessarily imply that all the other islands bounded by the southern United States in the north and Trinidad and Tobago in the south would also have rainfall matching the Type III curves, and indeed, site records are required for verification of the chosen curve.

Nevertheless, in the absence of any other information, the Type III is perhaps an adequate starting point.

Spatial Distribution

Even within small regions, there usually is considerable scatter of rainfall, both in terms of its amount and its temporal distribution.  Such rainfall variation is particularly notable for any specific storm event.  However, over the long term, these variations are not expected to be noticeable, provided that places within the same hydrometeorological region are being considered.  A hydrometeorological region is defined as one having no significant variation of physical characteristics, such as ridges, that may alter the rainfall patterns within. 

Rainfall was available from only one raingauge on each of the two islands.  In Barbuda, the raingauge was located at Trinity School in Codrington.  Records from this gauge would certainly be representative of the rainfall amounts in and around Codrington and on the western part of the island.  There may be some effect of the Highlands on the eastern portion of the island and this may introduce some variability of the rainfall occurring on the eastern portion of the island.  In Antigua the records from the Jolly Hill gauging site perhaps gave good representation of the rainfall within Cook Creek Watershed (CCW).  Some detailed surveys had been conducted in some parts of the floodplain within this watershed and so the hydrologic and hydraulic analyses (see Addendum—Cook Creek Flood Hazard Mapping) are not likely to have suffered from errors due to spatial variation of rainfall in the long-term records.  Even for the specific Hurricane Lenny event, records from that site also would give an adequate representation of the rainfall within the CCW as the system causing the rainfall was so widespread.  However, this rainfall may not truly represent rainfall within watersheds on the east.

Despite the likely variability of rainfall in watersheds removed from the gauges in Antigua and Barbuda, their records can still be used for rainfall estimation as the errors in rainfall match the level of accuracy possible from the procedure for islandwide delineation of the flood hazard zones. 

Storm Duration

There is a critical minimal storm duration at which the entire watershed begins to contribute runoff at the watershed outlet.  This duration is related to the time of concentration, which is the time taken for the most remote area of a watershed to contribute to flow at the outlet.  At longer times of concentration, the entire watershed contributes to runoff.  The time of concentrations were determined above for the major watersheds using the Kirpich formula (below), and these values are shown in Table 4 below.
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where, L is the length of the longest channel (feet) and S is the mean slope (feet/feet) along the channel.  The time of concentration for Cook Creek Watershed at the Government Bendal Quarry (GBQ) Road is about 1.5 hours.

Traditionally, storms of 24-hour duration are used for flood studies.  Certainly this is necessary for large watersheds whose times of concentration may be in the same order of magnitude of one day.   Many of the watersheds on these islands are small and their times of concentration are in the order of a few hours.  When using long storm durations, it is important to ensure that the intervals over which the storm duration is divided are roughly equal to the time of concentration of the watersheds.  In this way storms with durations longer than the Tc are conceptualized as several small consecutively occurring storms, each having a duration of about Tc, and each causing maximum contribution of runoff from the watershed. 

The hyetograph—rainfall distribution with time—of the 24 hour Type III curve is shown in  Figure 1.

Table 4:  Time of concentration for some watersheds in Antigua

Watershed
ID. Point
Location
Stream
Elevation
Slope
Tc




Length
Upper
Lower.






(m)
(m)
(m)
(m/m)
(hr)

Cook Creek
1**
Bridge on

GBQR
5900
91
23
0.012
1.4

Fitches
2
At Airport
2400
23
15
0.003
1.2

Potter
3
At river

 Crossing
1600
91
30
0.038
0.3

Parham
4
At road
3100
61
30
0.010
0.9

** See Figure 3 below.

Although storm durations of 24 hours are being used here, it is very likely that flooding is caused by shorter duration storms.  The Type III curve suggests that the bulk of rainfall falls over a very short period of time, (here about 40 % of the rainfall falls within two hours) which is the experience in the Caribbean.  Short but very intense rainfall predominates during the wet season.  The critical storm duration may be of the order of 3 hours, but determination of this requires continuous data collected on the islands.

Critical Storm

For determining the flood hazard islandwide the 24-hour 100 year return period storm was used.  This was equivalent to the most intense 24 hour rainfall measured from Hurricane Lenny.  During Hurricane Lenny, rainfall occurred over three days, as follows:  22.3 mm, 199.5 mm and 241.8 mm.  Thus the third-day rainfall was used as representative of the 1 in 100 year return period.  Therefore, the critical storm can be defined as shown below in Figure 2. 

4. Runoff Estimation from the Critical Storm

Given a design storm the observed runoff hydrograph is a function of the properties of the watershed, in terms of its landuse, soil type, its current antecedent moisture condition, and its geomorphological properties including its ruggedness, its drainage network density and its slope.  These characteristics could normally be extracted from maps and field visits.

To obtain information for characterizing the watersheds, the following were required:

· Topographical maps of Antigua and Barbuda for studying the watersheds, paying attention to the landuse and the drainage network density;

· Soils maps of Antigua and Barbuda;

· Field visits to Antigua and Barbuda at least once for walking through the watersheds being studied, and noting differences in landuse and modifications to the drainage pattern from that shown on the maps;

· Conversion of the information above into digital format. 

The island was divided into several major watersheds as shown in Figure 3 above and each watershed was further subdivided into its floodplain and sub-watersheds feeding into the plain.  For the CCW, as for all the other watersheds, the runoff hydrographs were estimated for each sub-watershed (see Figure 4) via the HEC-1 model using the design storm and the physical characteristics of the watershed as input.  The required input data included: soils type and landuse shapefiles for determining the curve number (CN) values for the watershed; slopes and channel lengths for time of concentration estimates, and the critical storm—24-hour 100 year return period rainfall—derived earlier.  The CN is a measure of the fraction of rainfall expected to runoff the land and its values range from 0 to 100.  Runoff increases with increasing CN values.  It was assumed also that the antecedent moisture condition was very wet and so very little infiltration would have occurred.  The The resulting hydrographs for the sub-watersheds are shown in Figure 5 below.  

The volume of runoff and the peak values from each sub-watershed are tabulated in Table 5 below.

Table 5.  Peak discharges for floodplain modeling of Cook Creek Watershed


Point on Map

Hydrograph Property:

Watershed

Location
Volume (1000m3)
Peak Flow (m3/s) 

Cook Creek
1**
Bridge GQR
3101.3
166.0


2
Bendal
818.5
59.1


3
Culvert 1
348.5
53.6


4
Culvert 2
1320.6
89.5


5
Trib. from  St John
1270.2
130.8

**See Figure 4

It is to be noted that these are model generated results that could not have been validated owing to lack of streamflow information.  All attempts were made at measuring input parameters as accurately as possible to minimize errors in defining the physical characteristics of the watersheds.  When streamflow data become available, then they should be used to verify the results obtained here.

5. Estimation of Discharge Rates of the Floodplains

Having estimated the volume of runoff from the surrounding watersheds onto the plains, estimates of discharge rates are needed to determine the maximum amount of water expected to be stored on the plains.  This normally requires site specific surveys for defining the physical features of the drainage facilities.  Of interest were physical forms that might have limited discharge from the plain so features such as (mangrove) forests, river meanders, constricting landforms, urbanized areas, or tidal discharge outlets were noted.  No attempt was made to quantify the discharge characteristics expect to make some rough estimates of the mean discharge throughout the event and then to express it relative to the inflow rate.  The, discharge was classified as follows:

Table 6 Quantification of the drainage rate relative to the inflow rate

Drainage Description
Fraction of inflow rate

Unrestricted
>0.80

Partially restricted
0.66 – 0.80

Restricted
0.50-0.66

Very restricted
<0.50

5. Classification of the Floodplains into Hazard Zones

In the absence of rainfall data, an estimate of the mean depth on the flood hazard zone can be obtained from consideration of the following properties that govern the volume and shape of runoff hydrographs.  These are:

1. Ratio of the contributing watershed area to the area of the floodplain (Ra)—This is one of the major determining factors.  Large ratios mean that the relatively large volumes of water from surrounding lands can lead to significant depths of water on the floodplain;

2. Runoff coefficient of the watershed, (Rc)—Even though the ratio above may favour flooding, runoff coefficients determine the volume of water available for flooding.  Small runoff coefficients attenuate flooding; high runoff coefficients increase the chance of flooding.  Runoff coefficients depend mainly on land cover;

3. Slope, Ruggedness and Drainage Network Density of the watershed, (RG)—This also affects the arrival of the hydrographs peaks as it determines the time of concentration of the watershed.  Tc values have importance in relation to the storm duration.  Full contribution of the watershed to runoff occurs if Tc is shorter than the storm duration; for watersheds with large ratios, the smaller are their hydrograph peaks and hence the lower is the flood hazard. Shorter Tc’s occur with increasing mean slope, increasing drainage network density, and decreasing ruggedness.  RG may here be defined as a ratio of the Tc and the storm duration.

4. Nature of the drainage, (D)—As described above.

5. Shape of the surrounding watershed and its location relative to the floodplain, (S)—This determines the arrival of the hydrograph peaks from the various sub-watersheds surrounding the floodplain.  A ranking of the flood potential for five basic shape configurations are as follows:  

Conceptual Shape
Hazard Rank

A.  Floodplain surrounded by subwatersheds, each almost equidistant from the centroid of the floodplain


Very High

B.  Floodplain surrounded by subwatersheds, about 50% of the subwatershed area being equidistant from the centroid; the other 50% also equidistant but about 2 times removed as the first set 


Moderate

C.  Floodplain lower than the subwatershed feeding into it.


Very Low

For its application, various weights have to be assigned to each factor and then the aggregate scores used to assign flood hazard rankings to the floodplains.  At this stage no weights were assigned but each factor was assigned as follows:

Table 7 Hazard Levels for flood factors

Factor
Hazard Level


Very High
High
Moderate
Low 
Very Low

Ra


>5
3-5
2-3
1.5-2
<1.5



Rc


>0.8
0.8-0.6
0.45-0.6
0.3-0.45
<0.3



S


A

B

C

RG

<0.2

1

>2



D
Very Restricted
Restricted
Partially restricted


Unrestricted
Unrestricted

** The hazard levels may be quantified from 1 to 5, 1 for Very Low and 5 for Very High

In Table 7 above, each factor is separately assigned hazard levels independent of the other.  So for example, the D factor has a very high hazard ranking if its drainage is very restricted perhaps due to a combination of highly vegetated outlet affected by tides.  Similarly, an Rc value less than 0.3 means that the maximum runoff volume from rainfall inputs would be no more than one third of the rainfall volume. 

As an example of the application of the method, Table 8 below shows the assessment of the floodplains on Barbuda into various hazard zones.  The appliction of this method was required until the rainfall data can be extracted and the statistical analysis performed.

Table 8.  Flood hazard ranking of the watersheds on Barbuda Island.



Watershed





Hazard

Location
Area
Area
Ra
S
Rc
RG
D
Rank

 
(km2)
(km2)
 
 
 
 



Codrington
0.59
14.2
24
C
>0.75
<0.2
Partially

restricted
High

Pelican Bay
3.1
4.6
1.5
A
>0.75
<0.2
Partially

restricted
Low

Dulcina
1.5
7.6
5
A
>0.75
<0.2
Unrestricted
Moderate

Two Feet Bay
0.7
1.3
2
A
>0.75
<0.2
Unrestricted
Low

Goat Island
4.8
4.9
1
A
>0.75
<0.2
Unrestricted
Low

The floodplain at Codrington has received a ranking of high mainly because of its high Ra value of 24 and high runoff coefficient.  Drainage is only partially restricted, perhaps due to urbanized Codrington, with its tortuous drainage channels, the buildings and hydraulic structures that would somewhat impede the normal discharge to the sea.  Otherwise, drainage is unrestricted.  Additionally, the floodplain has a slope >0.2% and thus the latter two factors do not favour ponding of water.  So the tendency to significant water depths from the former two factors are mitigated by the latter two, and so an overall rank of high is assigned to the Codrington area.

6. Map Structure and Content

The hazard maps, entitled Antigua Flood Hazard Map and Barbuda Flood Hazard Map, respectively show the flood prone areas on Antigua and Barbuda.  These flood hazard coverages were developed from base map coverages of contours, roads, streams, cliffs, and mangrove forests provided by the PGDM project.

Both maps are at a scale of 1: 50000.

For the study, the hazard zones have been divided according to the mean water depth expected to be ponded over the entire zone.  The categories are very high, high, moderate, low and very low and the corresponding mean water depths distinguishing the zones are shown in the Table 1 above (repeated in the table below):  

Table 1 Flood Hazard Ranking based on mean water depth on the plain.

Water Depth (mm)
Hazard

>600
Very High

600-300
High

300-150
Moderate

150-50
Low

<50
Very Low

For Antigua the flood zones have been categorized as very high, high, moderate and very low.  The categorization does not attempt to provide water levels at various places within the floodplain, but rather is based on the maximum volume of water expected to be ponded within the plain from the 24 hour, 100 year return period storm.  The extent of the hazard zone may be larger than the actual area inundated during such a rain storm, and water depths are likely to be greater in areas close to the river bank and in depressions.  These categories are provided in a legend and the meaning of the different categories is specified in notes on the maps.

The notes also discuss the data used for map production and the method used for collecting additional survey information within Cook Creek Watershed.  But the surveys were limited and therefore, owing to data inadequacies, the resulting maps can only be classified as preliminary.  There are some additional notes that explain the extent to which the map information can be used.

The geo-referencing information used for producing the base map coverages are given.

7. Use and Limitations of the Map

Inadequate topographical data meant that several critical assumptions were necessary.  As such the resulting floodplains should be regarded as preliminary, pending updating the input files with measured field data.  These limitations were even more severe for the floodplains of Fitches Creek, Potter’s Village and Parham, for which no field data was collected.

Nevertheless, the map identifies major areas prone to flooding.  The Cook Creek floodplain in particular was most severely affected by Hurricane Lenny.  It drains the largest watershed on the island and its floodplain appears to be under some pressure for housing development.  Its drainage, however, is inadequate, starting from the Government Bendal’s Quarry Road Bridge and the sections of the creek immediately downstream.  The bridge is in urgent need of major renovation and the sharp bend about 30 metres downstream needs to be removed.  Along the creek various dams have been constructed mainly by small farmers for irrigation.  These do have negative impacts on flooding.

The other flood prone areas have similar inadequate hydraulic structures and are also subject to interference by persons needing irrigation water.  They do pass through densely populated villages and so flooding might have major consequences.

Thus, the map shows areas on the island requiring urgent attention for improvement works and for control in order to reduce flood damages.

However, the delineated boundaries are not to be taken as rigidly defining the extent of flooding.  This is only possible with detailed surveys and solving the compatibility problem mentioned above.  No information on floodwater elevations have been provided for the same reason of data inadequacies, and also to avoid the perception of absoluteness in the presented map.

The map can also be used for broad assessment of the flood hazard associated with development of infrastructure, including roads (and their elevations) and housing, within the Island of Antigua.

It can be used as a guide for determining areas for further detailed flood studies.

8. Recommendations for Further Work

The maps are only preliminary indications of the flooding on Antigua and Barbuda.  In the case of Antigua, work toward providing more accurate information was started in Cook Creek Watershed, but even that was inadequate for providing accurate flood hazard zones.  In Barbuda, only a reconnaissance survey was conducted and so the delineated areas are even more uncertain than those for Antigua.

As described earlier, flood hazard mapping requires an extensive daily rainfall database between ten and twenty years, a short period of continuous rainfall records showing the time distribution of several storms, streamflow measurements for validating the hydrograph produced from the hydrologic model, and detailed topographical descriptions of the river reach and its floodplain.  To improve the flood hazard map, the following are required:

· Availability of daily rainfall data from at least one other site on the island, preferably within the north-eastern region:
It is believed that records at more than one site are collected on a routine basis in Antigua, but these records could not be provided in time for the rainfall analysis.  From several reports, it appears that the rainfall database does extend well beyond the six years available for this project.  The problem seems to be the ease at which they can readily be retrieved.  No doubt records would be continued to be collected from the existing raingauges that will continue to lengthen the database; or given more time, the existing records could be retrieved and utilized for statistical analysis.  The recommendation is that gauges at least at Jolly Hill and at the Lester Bird International Airport be kept in operation and frequently maintained.  These two gauges provide the minimal coverage for expressing the spatial variability of rainfall on Antigua.  An electronic database of the existing rainfall records should be created, and maintained on a continuous basis.

· Establishment of an automatic raingauge site, perhaps at the airport, to obtain site evidence of the temporal distribution of rainfall on the island:

Efforts should be made to install a continuous rain recorder at one of the two sites mentioned above, the preferred site being the airport.  This gauge should be installed for at least three consecutive wet seasons—there is no need to have it installed during the dry season, if resources for maintaining the gauge are limited.  Within that period, there should be sufficient rainfall events to determine the nature of the temporal distribution of rainfall on Antigua and to confirm whether the assumption of the Type III curve was correct.

· Continued recording of rainfall at Jolly Hill with periodic evaluation of the statistical properties of the database, at least in terms of the return periods for 24-hour rainfall;

· A comprehensive field interviewing exercise within the floodplains to map as accurately as possible flood level information of recent floods, including the one caused by Hurricane Lenny:
This information will be useful for validation of water levels generated by the hydraulic models used for mapping;

· Establishment of at least one crest gauge within each major floodplain:

Verification of the estimated hydrographs requires streamflow measurements for about five rainfall events under similar conditions, namely saturated soils.  Inasmuch as an automatic streamflow station at a stable river section would provide the data for comparison, such an installation may be cost prohibitive and perhaps not fully useful, given the ephemeral nature of flows in the creeks.  As an alternative, manual measurements would perhaps suffice at least of some critical points on the hydrograph.  A crest gauge can be installed at the control section and this would yield the peak elevation of the discharge during the storm.  Manual observation can record the time at which such river stage was reached.  The time for the river to return to pre-event conditions also can be recorded manually.  If there is sufficient interest to verify the results submitted here, then the inconvenience associated with measurements during a storm event would be unimportant.  With these minimal points, namely the peak stage, the time to peak, and the time to recession, done for enough events, then there should be enough observed data to improve the estimated hydrograph from the design storm.

Suitable sites should be identified, but for Cook Creek floodplain, the bridge on the Government Quarry Road is perhaps a suitable location, once restorative works on the bridge are complete;

· Undertaking of detailed surveying of Cook Creek and its floodplain at 25-metre intervals and at every major change of feature within the creek:
Before undertaking the surveys, a thorough search for all maps of the floodplain at the 1 in 5000 resolution or finer should be made at the Land and Surveys Department.  This search should also extend to other governmental agencies.  The surveys in the floodplain are then to be done to supplement the information already available in these maps.  Also, efforts should be made to replace the negatives of those maps damaged by Hurricane George;

· Extension of such detailed work to the other floodplains identified in the maps;

· Training of Public Works or/and NODS personnel to apply HEC-1, HEC-RAS or similar programmes for updating the coverages when additional information becomes available:
These programmes are robust and have been used extensively.  There is adequate documentation from the software developers, short hands-on training workshops are conducted frequently, and there is ample technical support by many vendors.  Routine computer facilities are required for running the models. 

9. Recommendations for Flood Mitigation

Overall flooding within the country is not critical.  Nevertheless, if developmental patterns continue, there is likely to be more frequent floods with higher water levels.  A major objective should be the re-evaluation of the hydraulic structures within the drains and creeks to determine their adequacy for conveying the design runoff.  The required carrying capacity of the structures varies depending on the importance of the lands it drains, but for culverts and bridges on major roadways, these structures should be able to carry the 1 in 25 year runoff.  Additionally, preference should be given to free spanning structures, as opposed to ones with closely spaced piers, so as to reduce the chances of debris being entrapped in the small openings. 

Frequent maintenance of the drains, creeks and hydraulics structures also will assist in reducing the likelihood of a flood; or at least it would reduce the severity of it. 

Land zone plans have to be mindful of the potential damage due to flooding and wherever possible desist from approving housing developments within flood prone areas.  Zoning also refers to the establishment of setback distances from the drains, but this must be supported by enforcement to ensure compliance. 

10. Concluding Remarks

The cause of the flooding in Antigua is primarily a natural phenomenon occurring on the floodplains of its creeks.  Damage due to flooding has increased owing to the pursued pattern of development where housing projects are being undertaken without the accompanying flood mitigative measures.  The flooding has further been exacerbated by inadequate and poorly constructed hydraulic structures and inadequate maintenance of the structures and channel sections.

The available database structure is in place, but it needs to be improved to allow for ready retrieval of information when requested.  Furthermore, means of obtaining a minimal database of continuous rainfall records should be pursued.  Nevertheless, it suggests that flooding is not critical and basic mitigative measures and compliance with zoning regulations would reduce the scale of damage.

The maps produced are preliminary.  They highlight the main areas on both islands that are prone to flooding and they perhaps give a reasonable representation of the extent of flooding expected for various rainfall return periods on Antigua.  The application of the methodology when additional data become available should improve the accuracy of demarcation of the flood prone areas.
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Figure 1 SCS normalized hyetograph for the Type III curve.
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Figure 2 Critical Storm for Antigua and Barbuda (postulated temporal distribution of rainfall on the third day of Hurricane Lenny)
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Figure 3 Antigua major watersheds
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Figure 4.  Subwatersheds within Cook Creek Watershed
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Figure 5.  Runoff hydrographs from sub-watersheds surrounding the Cook Creek Watershed
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						1.9375		1.9375		1.9375

						1.9479166667		1.9479166667		1.9479166667

						1.9583333333		1.9583333333		1.9583333333

						1.96875		1.96875		1.96875

						1.9791666667		1.9791666667		1.9791666667

						1.9895833333		1.9895833333		1.9895833333

						2		2		2

						2.0104166667		2.0104166667		2.0104166667

						2.0208333333		2.0208333333		2.0208333333

						2.03125		2.03125		2.03125

						2.0416666667		2.0416666667		2.0416666667

						2.0520833333		2.0520833333		2.0520833333

						2.0625		2.0625		2.0625

						2.0729166667		2.0729166667		2.0729166667



At GBQ Bridge

Bendals

Culvert1

Culvert2

Tributary From St. John

Time (hrs)

Flow (m3/s)

0

0

0

0

0

0.234

0.376

0.099

0.055

0.0805

0.635

0.482

0.182

0.11

0.161

0.948

0.598

0.206

0.165

0.2415

1.659

0.973

0.213

0.22

0.322

3.048

1.47

0.215

0.2555

0.348

4.854

1.991

0.216

0.291

0.374

7.115

2.754

0.216

0.3265

0.3825

10.286

3.88

0.216

0.362

0.391

15.055

5.673

0.218

0.3975

0.401

22.313

8.328

0.228

0.433

0.411

33.288

12.386

0.257

0.4685

0.481

86.146

47.798

0.302

0.504

0.551

166.02

59.12

0.349

0.6265

0.693

165.315

26.761

0.4

0.749

0.835

105.002

14.215

0.453

0.8715

1.018

65.282

9.29

0.508

0.994

1.201

43.124

6.595

0.564

1.18525

1.405

30.081

5.083

0.621

1.3765

1.609

22.225

4.12

0.679

1.56775

1.824

17.347

3.588

0.737

1.759

2.039

14.427

3.22

0.791

1.974

2.2525

12.724

2.944

0.845

2.189

2.466

11.398

2.633

0.903

2.404

2.6825

10.206

2.366

0.962

2.619

2.899

7.271

0.602

1.033

2.90525

3.1595

3.287

0.114

1.128

3.1915

3.42

1.319

0.019

1.247

3.47775

3.78

0.522

0

1.372

3.764

4.14

0.202

0

1.5

4.18

4.5765

0.073

0

1.63

4.596

5.013

0.021

0

1.771

5.012

5.4995

0

0

1.913

5.428

5.986

0

0

2.084

6.0765

6.598

0

0

2.314

6.725

7.21

0

0

2.599

7.3735

8.0575

0

0

2.883

8.022

8.905

0

0

3.196

8.9965

9.9445

0

0

3.502

9.971

10.984

0

0

3.822

10.9455

12.1235

0

0

4.15

11.92

13.263

0

0

4.552

13.4035

14.672

0

0

5.066

14.887

16.081

0

0

5.68

16.3705

17.9815

0

0

6.313

17.854

19.882

0

0

7.365

28.5932

23.3975

0

0

9.129

39.3325

26.913

0

0

16.16

50.0718

53.308

0

0

37.877

60.811

79.703

0

0

53.572

67.9813

105.244

41.992

75.1515

130.785

23.65

82.3218

115.57

13.935

89.492

100.355

9.753

81.52

76.858

7.804

73.548

53.361

6.757

65.576

43.31

6.038

57.604

33.259

5.468

50.6818

28.646

5.046

43.7595

24.033

4.693

36.8372

21.5535

4.37

29.915

19.074

4.075

27.0805

17.485

3.783

24.246

15.896

3.468

21.4115

14.649

3.155

18.577

13.402

2.891

17.1125

12.381

2.703

15.648

11.36

2.548

14.1835

10.611

2.406

12.719

9.862

2.275

11.8685

9.2905

2.146

11.018

8.719

2.008

10.1675

8.1995

1.872

9.317

7.68

1.762

8.816

7.246

1.689

8.315

6.812

1.637

7.814

6.5385

1.611

7.313

6.265

1.555

7.034

6.0655

1.512

6.755

5.866

1.48

6.476

5.7

1.441

6.197

5.534

1.399

6.01925

5.401

1.376

5.8415

5.268

1.33

5.66375

5.1295

1.296

5.486

4.991

1.276

5.3575

4.8715

1.245

5.229

4.752

1.226

5.1005

4.6605

1.2

4.972

4.569

1.153

4.84675

4.454

1.123

4.7215

4.339

1.095

4.59625

4.2115

1.056

4.471

4.084

1.035

4.3565

3.9785

1.009

4.242

3.873

0.981

4.1275

3.77

0.948

4.013

3.667

0.505

3.4675

2.9015

0.148

2.922

2.136

0.044

2.3765

1.4125

0.013

1.831

0.689

0.003

1.4965

0.456

0

1.162

0.223

0

0.8275

0.1465

0

0.493

0.07

0

0.403

0.045

0

0.313

0.02

0

0.223

0.0115

0

0.133

0.003

0

0.10825

0.0015

0

0.0835

0

0

0.05875

0

0

0.034

0

0

0.027

0

0

0.02

0

0

0.013

0

0

0.006

0

0

0.0045

0

0

0.003

0

0

0.0015

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



cooksub1-24-100

		Hydrograph		table		written				by				WMS

		Time		sub1		sub2				sub3				sub4				sub5

		0:00		0		0:00		0		0:00		0		0:00		0		0:00		0

		1:00		0.234		1:00		0.376		0:15		0.099		0:15		0.055		0:15		0.0805

		2:00		0.635		2:00		0.482		0:30		0.182		0:30		0.11		0:30		0.161

		3:00		0.948		3:00		0.598		0:45		0.206		0:45		0.165		0:45		0.2415

		4:00		1.659		4:00		0.973		1:00		0.213		1:00		0.22		1:00		0.322

		5:00		3.048		5:00		1.47		1:15		0.215		1:15		0.2555		1:15		0.348

		6:00		4.854		6:00		1.991		1:30		0.216		1:30		0.291		1:30		0.374

		7:00		7.115		7:00		2.754		1:45		0.216		1:45		0.3265		1:45		0.3825

		8:00		10.286		8:00		3.88		2:00		0.216		2:00		0.362		2:00		0.391

		9:00		15.055		9:00		5.673		2:15		0.218		2:15		0.3975		2:15		0.401

		10:00		22.313		10:00		8.328		2:30		0.228		2:30		0.433		2:30		0.411

		11:00		33.288		11:00		12.386		2:45		0.257		2:45		0.4685		2:45		0.481

		12:00		86.146		12:00		47.798		3:00		0.302		3:00		0.504		3:00		0.551

		13:00		166.02		13:00		59.12		3:15		0.349		3:15		0.6265		3:15		0.693

		14:00		165.315		14:00		26.761		3:30		0.4		3:30		0.749		3:30		0.835

		15:00		105.002		15:00		14.215		3:45		0.453		3:45		0.8715		3:45		1.018

		16:00		65.282		16:00		9.29		4:00		0.508		4:00		0.994		4:00		1.201

		17:00		43.124		17:00		6.595		4:15		0.564		4:15		1.18525		4:15		1.405

		18:00		30.081		18:00		5.083		4:30		0.621		4:30		1.3765		4:30		1.609

		19:00		22.225		19:00		4.12		4:45		0.679		4:45		1.56775		4:45		1.824

		20:00		17.347		20:00		3.588		5:00		0.737		5:00		1.759		5:00		2.039

		21:00		14.427		21:00		3.22		5:15		0.791		5:15		1.974		5:15		2.2525

		22:00		12.724		22:00		2.944		5:30		0.845		5:30		2.189		5:30		2.466

		23:00		11.398		23:00		2.633		5:45		0.903		5:45		2.404		5:45		2.6825

		24:00:00		10.206		24:00:00		2.366		6:00		0.962		6:00		2.619		6:00		2.899

		25:00:00		7.271		25:00:00		0.602		6:15		1.033		6:15		2.90525		6:15		3.1595

		26:00:00		3.287		26:00:00		0.114		6:30		1.128		6:30		3.1915		6:30		3.42

		27:00:00		1.319		27:00:00		0.019		6:45		1.247		6:45		3.47775		6:45		3.78

		28:00:00		0.522		28:00:00		0		7:00		1.372		7:00		3.764		7:00		4.14

		29:00:00		0.202		29:00:00		0		7:15		1.5		7:15		4.18		7:15		4.5765

		30:00:00		0.073		30:00:00		0		7:30		1.63		7:30		4.596		7:30		5.013

		31:00:00		0.021		31:00:00		0		7:45		1.771		7:45		5.012		7:45		5.4995

		32:00:00		0		32:00:00		0		8:00		1.913		8:00		5.428		8:00		5.986

		33:00:00		0		33:00:00		0		8:15		2.084		8:15		6.0765		8:15		6.598

		34:00:00		0		34:00:00		0		8:30		2.314		8:30		6.725		8:30		7.21

		35:00:00		0		35:00:00		0		8:45		2.599		8:45		7.3735		8:45		8.0575

		36:00:00		0		36:00:00		0		9:00		2.883		9:00		8.022		9:00		8.905

		37:00:00		0		37:00:00		0		9:15		3.196		9:15		8.9965		9:15		9.9445

		38:00:00		0		38:00:00		0		9:30		3.502		9:30		9.971		9:30		10.984

		39:00:00		0		39:00:00		0		9:45		3.822		9:45		10.9455		9:45		12.1235

		40:00:00		0		40:00:00		0		10:00		4.15		10:00		11.92		10:00		13.263

		41:00:00		0		41:00:00		0		10:15		4.552		10:15		13.4035		10:15		14.672

		42:00:00		0		42:00:00		0		10:30		5.066		10:30		14.887		10:30		16.081

		43:00:00		0		43:00:00		0		10:45		5.68		10:45		16.3705		10:45		17.9815

		44:00:00		0		44:00:00		0		11:00		6.313		11:00		17.854		11:00		19.882

		45:00:00		0		45:00:00		0		11:15		7.365		11:15		28.5932		11:15		23.3975

		46:00:00		0		46:00:00		0		11:30		9.129		11:30		39.3325		11:30		26.913

		47:00:00		0		47:00:00		0		11:45		16.16		11:45		50.0718		11:45		53.308

		48:00:00		0		48:00:00		0		12:00		37.877		12:00		60.811		12:00		79.703

		49:00:00		0		49:00:00		0		12:15		53.572		12:15		67.9813		12:15		105.244

										12:30		41.992		12:30		75.1515		12:30		130.785

										12:45		23.65		12:45		82.3218		12:45		115.57

										13:00		13.935		13:00		89.492		13:00		100.355

										13:15		9.753		13:15		81.52		13:15		76.858

										13:30		7.804		13:30		73.548		13:30		53.361

										13:45		6.757		13:45		65.576		13:45		43.31

										14:00		6.038		14:00		57.604		14:00		33.259

										14:15		5.468		14:15		50.6818		14:15		28.646

										14:30		5.046		14:30		43.7595		14:30		24.033

										14:45		4.693		14:45		36.8372		14:45		21.5535

										15:00		4.37		15:00		29.915		15:00		19.074

										15:15		4.075		15:15		27.0805		15:15		17.485

										15:30		3.783		15:30		24.246		15:30		15.896

										15:45		3.468		15:45		21.4115		15:45		14.649

										16:00		3.155		16:00		18.577		16:00		13.402

										16:15		2.891		16:15		17.1125		16:15		12.381

										16:30		2.703		16:30		15.648		16:30		11.36

										16:45		2.548		16:45		14.1835		16:45		10.611

										17:00		2.406		17:00		12.719		17:00		9.862

										17:15		2.275		17:15		11.8685		17:15		9.2905

										17:30		2.146		17:30		11.018		17:30		8.719

										17:45		2.008		17:45		10.1675		17:45		8.1995

										18:00		1.872		18:00		9.317		18:00		7.68

										18:15		1.762		18:15		8.816		18:15		7.246

										18:30		1.689		18:30		8.315		18:30		6.812

										18:45		1.637		18:45		7.814		18:45		6.5385

										19:00		1.611		19:00		7.313		19:00		6.265

										19:15		1.555		19:15		7.034		19:15		6.0655

										19:30		1.512		19:30		6.755		19:30		5.866

										19:45		1.48		19:45		6.476		19:45		5.7

										20:00		1.441		20:00		6.197		20:00		5.534

										20:15		1.399		20:15		6.01925		20:15		5.401

										20:30		1.376		20:30		5.8415		20:30		5.268

										20:45		1.33		20:45		5.66375		20:45		5.1295

										21:00		1.296		21:00		5.486		21:00		4.991

										21:15		1.276		21:15		5.3575		21:15		4.8715

										21:30		1.245		21:30		5.229		21:30		4.752

										21:45		1.226		21:45		5.1005		21:45		4.6605

										22:00		1.2		22:00		4.972		22:00		4.569

										22:15		1.153		22:15		4.84675		22:15		4.454

										22:30		1.123		22:30		4.7215		22:30		4.339

										22:45		1.095		22:45		4.59625		22:45		4.2115

										23:00		1.056		23:00		4.471		23:00		4.084

										23:15		1.035		23:15		4.3565		23:15		3.9785

										23:30		1.009		23:30		4.242		23:30		3.873

										23:45		0.981		23:45		4.1275		23:45		3.77

										24:00:00		0.948		24:00:00		4.013		24:00:00		3.667

										24:15:00		0.505		24:15:00		3.4675		24:15:00		2.9015

										24:30:00		0.148		24:30:00		2.922		24:30:00		2.136

										24:45:00		0.044		24:45:00		2.3765		24:45:00		1.4125

										25:00:00		0.013		25:00:00		1.831		25:00:00		0.689

										25:15:00		0.003		25:15:00		1.4965		25:15:00		0.456

										25:30:00		0		25:30:00		1.162		25:30:00		0.223

										25:45:00		0		25:45:00		0.8275		25:45:00		0.1465

										26:00:00		0		26:00:00		0.493		26:00:00		0.07

										26:15:00		0		26:15:00		0.403		26:15:00		0.045

										26:30:00		0		26:30:00		0.313		26:30:00		0.02

										26:45:00		0		26:45:00		0.223		26:45:00		0.0115

										27:00:00		0		27:00:00		0.133		27:00:00		0.003

										27:15:00		0		27:15:00		0.10825		27:15:00		0.0015
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At GBQ Bridge

Bendals

Culvert1

Culvert2

Trib. From St. Jonn

Time (hrs)

Flow (m3/s)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_1051877400.xls
Chart1

		0

		6

		12

		18

		24

		30

		36

		42

		48

		54

		60

		66

		72

		78

		84

		90

		96

		102

		108

		114

		120

		126

		132

		138

		144

		150

		156

		162

		168

		174

		180

		186

		192

		198

		204

		210

		216

		222

		228

		234

		240

		246

		252

		258

		264

		270

		276

		282

		288

		294

		300

		306

		312

		318

		324

		330

		336

		342

		348

		354

		360

		366

		372

		378

		384

		390

		396

		402

		408

		414

		420

		426

		432

		438

		444

		450

		456

		462

		468

		474

		480

		486

		492

		498

		504

		510

		516

		522

		528

		534

		540

		546

		552

		558

		564

		570

		576

		582

		588

		594

		600

		606

		612

		618

		624

		630

		636

		642

		648

		654

		660

		666

		672

		678

		684

		690

		696

		702

		708

		714

		720

		726

		732

		738

		744

		750

		756

		762

		768

		774

		780

		786

		792

		798

		804

		810

		816

		822

		828

		834

		840

		846

		852

		858

		864

		870

		876

		882

		888

		894

		900

		906

		912

		918

		924

		930

		936

		942

		948

		954

		960

		966

		972

		978

		984

		990

		996

		1002

		1008

		1014

		1020

		1026

		1032

		1038

		1044

		1050

		1056

		1062

		1068

		1074

		1080

		1086

		1092

		1098

		1104

		1110

		1116

		1122

		1128

		1134

		1140

		1146

		1152

		1158

		1164

		1170

		1176

		1182

		1188

		1194

		1200

		1206

		1212

		1218

		1224

		1230

		1236

		1242

		1248

		1254

		1260

		1266

		1272

		1278

		1284

		1290

		1296

		1302

		1308

		1314

		1320

		1326

		1332

		1338

		1344

		1350

		1356

		1362

		1368

		1374

		1380

		1386

		1392

		1398

		1404

		1410

		1416

		1422

		1428

		1434

		1440



time (min)

Rainfall (mm)

0

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.244218

0.246636

0.251472

0.25389

0.258726

0.261144

0.26598

0.268398

0.273234

0.275652

0.280488

0.282906

0.287742

0.29016

0.294996

0.297414

0.30225

0.304668

0.309504

0.311922

0.316758

0.319176

0.324012

0.32643

0.331266

0.333684

0.33852

0.340938

0.345774

0.348192

0.353028

0.355446

0.360282

0.3627

0.367536

0.369954

0.37479

0.377208

0.382044

0.384462

0.394134

0.403806

0.418314

0.427986

0.442494

0.452166

0.466674

0.476346

0.490854

0.500526

0.515034

0.524706

0.539214

0.548886

0.563394

0.573066

0.587574

0.597246

0.611754

0.621426

0.643188

0.669786

0.698802

0.7254

0.754416

0.781014

0.81003

0.836628

0.865644

0.892242

0.921258

0.947856

0.976872

1.00347

1.032486

1.059084

1.0881

1.114698

1.143714

1.170312

1.213836

1.271868

1.3299

1.387932

1.445964

1.503996

1.562028

1.62006

1.678092

1.736124

1.876368

2.098824

2.32128

2.543736

2.766192

3.94134

6.06918

8.19702

10.32486

20.3112

20.3112

10.32486

8.19702

6.06918

3.94134

2.766192

2.543736

2.32128

2.098824

1.876368

1.736124

1.678092

1.62006

1.562028

1.503996

1.445964

1.387932

1.3299

1.271868

1.213836

1.170312

1.143714

1.114698

1.0881

1.059084

1.032486

1.00347

0.976872

0.947856

0.921258

0.892242

0.865644

0.836628

0.81003

0.781014

0.754416

0.7254

0.698802

0.669786

0.643188

0.623844

0.609336

0.599664

0.585156

0.575484

0.560976

0.551304

0.536796

0.527124

0.512616

0.502944

0.488436

0.478764

0.464256

0.454584

0.440076

0.430404

0.415896

0.406224

0.391716

0.384462

0.382044

0.377208

0.37479

0.369954

0.367536

0.3627

0.360282

0.355446

0.353028

0.348192

0.345774

0.340938

0.33852

0.333684

0.331266

0.32643

0.324012

0.319176

0.316758

0.311922

0.311922

0.307086

0.304668

0.30225

0.299832

0.294996

0.294996

0.29016

0.29016

0.285324

0.282906

0.280488

0.27807

0.273234

0.273234

0.268398

0.268398

0.263562

0.261144

0.258726

0.256308

0.251472

0.251472

0.246636

0.246636

0.2418

0.239382

0.236964

0.234546

0.22971

0.22971

0.224874

0.224874

0.220038

0.21762

0.215202

0.212784

0.207948

0.207948



Sheet1

				XY3 4 241 0 6 0 0 0 0 0 typeIII-24hour

		0		0		0				0

		6		0.001		0.2418				58.46724

		12		0.002		0.2418				58.46724

		18		0.003		0.2418				58.46724

		24		0.004		0.2418				58.46724

		30		0.005		0.2418		1.209		58.46724

		36		0.006		0.2418				58.46724

		42		0.007		0.2418				58.46724

		48		0.008		0.2418				58.46724

		54		0.009		0.2418				58.46724

		60		0.01		0.2418		1.209		58.46724

		66		0.011		0.2418				58.46724

		72		0.012		0.2418				58.46724

		78		0.013		0.2418				58.46724

		84		0.014		0.2418				58.46724

		90		0.015		0.2418		1.209		58.46724

		96		0.016		0.2418				58.46724

		102		0.017		0.2418				58.46724

		108		0.018		0.2418				58.46724

		114		0.019		0.2418				58.46724

		120		0.02		0.2418		1.209		58.46724

		126		0.02101		0.244218				59.0519124

		132		0.02203		0.246636				59.6365848

		138		0.02307		0.251472				60.8059296

		144		0.02412		0.25389				61.390602

		150		0.02519		0.258726		1.254942		62.5599468

		156		0.02627		0.261144				63.1446192

		162		0.02737		0.26598				64.313964

		168		0.02848		0.268398				64.8986364

		174		0.02961		0.273234				66.0679812

		180		0.03075		0.275652		1.344408		66.6526536

		186		0.03191		0.280488				67.8219984

		192		0.03308		0.282906				68.4066708

		198		0.03427		0.287742				69.5760156

		204		0.03547		0.29016				70.160688

		210		0.03669		0.294996		1.436292		71.3300328

		216		0.03792		0.297414				71.9147052

		222		0.03917		0.30225				73.08405

		228		0.04043		0.304668				73.6687224

		234		0.04171		0.309504				74.8380672

		240		0.043		0.311922		1.525758		75.4227396

		246		0.04431		0.316758				76.5920844

		252		0.04563		0.319176				77.1767568

		258		0.04697		0.324012				78.3461016

		264		0.04832		0.32643				78.930774

		270		0.04969		0.331266		1.617642		80.1001188

		276		0.05107		0.333684				80.6847912

		282		0.05247		0.33852				81.854136

		288		0.05388		0.340938				82.4388084

		294		0.05531		0.345774				83.6081532

		300		0.05675		0.348192		1.707108		84.1928256

		306		0.05821		0.353028				85.3621704

		312		0.05968		0.355446				85.9468428

		318		0.06117		0.360282				87.1161876

		324		0.06267		0.3627				87.70086

		330		0.06419		0.367536		1.798992		88.8702048

		336		0.06572		0.369954				89.4548772

		342		0.06727		0.37479				90.624222

		348		0.06883		0.377208				91.2088944

		354		0.07041		0.382044				92.3782392

		360		0.072		0.384462		1.888458		92.9629116

		366		0.07363		0.394134				95.3016012

		372		0.0753		0.403806				97.6402908

		378		0.07703		0.418314				101.1483252

		384		0.0788		0.427986				103.4870148

		390		0.08063		0.442494		2.086734		106.9950492

		396		0.0825		0.452166				109.3337388

		402		0.08443		0.466674				112.8417732

		408		0.0864		0.476346				115.1804628

		414		0.08843		0.490854				118.6884972

		420		0.0905		0.500526		2.386566		121.0271868

		426		0.09263		0.515034				124.5352212

		432		0.0948		0.524706				126.8739108

		438		0.09703		0.539214				130.3819452

		444		0.0993		0.548886				132.7206348

		450		0.10163		0.563394		2.691234		136.2286692

		456		0.104		0.573066				138.5673588

		462		0.10643		0.587574				142.0753932

		468		0.1089		0.597246				144.4140828

		474		0.11143		0.611754				147.9221172

		480		0.114		0.621426		2.991066		150.2608068

		486		0.11666		0.643188				155.5228584

		492		0.11943		0.669786				161.9542548

		498		0.12232		0.698802				168.9703236

		504		0.12532		0.7254				175.40172

		510		0.12844		0.754416		3.491592		182.4177888

		516		0.13167		0.781014				188.8491852

		522		0.13502		0.81003				195.865254

		528		0.13848		0.836628				202.2966504

		534		0.14206		0.865644				209.3127192

		540		0.14575		0.892242		4.185558		215.7441156

		546		0.14956		0.921258				222.7601844

		552		0.15348		0.947856				229.1915808

		558		0.15752		0.976872				236.2076496

		564		0.16167		1.00347				242.639046

		570		0.16594		1.032486		4.881942		249.6551148

		576		0.17032		1.059084				256.0865112

		582		0.17482		1.0881				263.10258

		588		0.17943		1.114698				269.5339764

		594		0.18416		1.143714				276.5500452

		600		0.189		1.170312		5.575908		282.9814416

		606		0.19402		1.213836				293.5055448

		612		0.19928		1.271868				307.5376824

		618		0.20478		1.3299				321.56982

		624		0.21052		1.387932				335.6019576

		630		0.2165		1.445964		6.6495		349.6340952

		636		0.22272		1.503996				363.6662328

		642		0.22918		1.562028				377.6983704

		648		0.23588		1.62006				391.730508

		654		0.24282		1.678092				405.7626456

		660		0.25		1.736124		8.1003		419.7947832

		666		0.25776		1.876368				453.7057824

		672		0.26644		2.098824				507.4956432

		678		0.27604		2.32128				561.285504

		684		0.28656		2.543736				615.0753648

		690		0.298		2.766192		11.6064		668.8652256

		696		0.3143		3.94134				953.016012

		702		0.3394		6.06918				1467.527724

		708		0.3733		8.19702				1982.039436

		714		0.416		10.32486				2496.551148

		720		0.5		20.3112		48.8436		4911.24816

		726		0.584		20.3112				4911.24816

		732		0.6267		10.32486				2496.551148

		738		0.6606		8.19702				1982.039436

		744		0.6857		6.06918				1467.527724

		750		0.702		3.94134		48.8436		953.016012

		756		0.71344		2.766192				668.8652256

		762		0.72396		2.543736				615.0753648

		768		0.73356		2.32128				561.285504

		774		0.74224		2.098824				507.4956432

		780		0.75		1.876368		11.6064		453.7057824

		786		0.75718		1.736124				419.7947832

		792		0.76412		1.678092				405.7626456

		798		0.77082		1.62006				391.730508

		804		0.77728		1.562028				377.6983704

		810		0.7835		1.503996		8.1003		363.6662328

		816		0.78948		1.445964				349.6340952

		822		0.79522		1.387932				335.6019576

		828		0.80072		1.3299				321.56982

		834		0.80598		1.271868				307.5376824

		840		0.811		1.213836		6.6495		293.5055448

		846		0.81584		1.170312				282.9814416

		852		0.82057		1.143714				276.5500452

		858		0.82518		1.114698				269.5339764

		864		0.82968		1.0881				263.10258

		870		0.83406		1.059084		5.575908		256.0865112

		876		0.83833		1.032486				249.6551148

		882		0.84248		1.00347				242.639046

		888		0.84652		0.976872				236.2076496

		894		0.85044		0.947856				229.1915808

		900		0.85425		0.921258		4.881942		222.7601844

		906		0.85794		0.892242				215.7441156

		912		0.86152		0.865644				209.3127192

		918		0.86498		0.836628				202.2966504

		924		0.86833		0.81003				195.865254

		930		0.87156		0.781014		4.185558		188.8491852

		936		0.87468		0.754416				182.4177888

		942		0.87768		0.7254				175.40172

		948		0.88057		0.698802				168.9703236

		954		0.88334		0.669786				161.9542548

		960		0.886		0.643188		3.491592		155.5228584

		966		0.88858		0.623844				150.8454792

		972		0.8911		0.609336				147.3374448

		978		0.89358		0.599664				144.9987552

		984		0.896		0.585156				141.4907208

		990		0.89838		0.575484		2.993484		139.1520312

		996		0.9007		0.560976				135.6439968

		1002		0.90298		0.551304				133.3053072

		1008		0.9052		0.536796				129.7972728

		1014		0.90738		0.527124				127.4585832

		1020		0.9095		0.512616		2.688816		123.9505488

		1026		0.91158		0.502944				121.6118592

		1032		0.9136		0.488436				118.1038248

		1038		0.91558		0.478764				115.7651352

		1044		0.9175		0.464256				112.2571008

		1050		0.91938		0.454584		2.388984		109.9184112

		1056		0.9212		0.440076				106.4103768

		1062		0.92298		0.430404				104.0716872

		1068		0.9247		0.415896				100.5636528

		1074		0.92638		0.406224				98.2249632

		1080		0.928		0.391716		2.084316		94.7169288

		1086		0.92959		0.384462				92.9629116

		1092		0.93117		0.382044				92.3782392

		1098		0.93273		0.377208				91.2088944

		1104		0.93428		0.37479				90.624222

		1110		0.93581		0.369954		1.888458		89.4548772

		1116		0.93733		0.367536				88.8702048

		1122		0.93883		0.3627				87.70086

		1128		0.94032		0.360282				87.1161876

		1134		0.94179		0.355446				85.9468428

		1140		0.94325		0.353028		1.798992		85.3621704

		1146		0.94469		0.348192				84.1928256

		1152		0.94612		0.345774				83.6081532

		1158		0.94753		0.340938				82.4388084

		1164		0.94893		0.33852				81.854136

		1170		0.95031		0.333684		1.707108		80.6847912

		1176		0.95168		0.331266				80.1001188

		1182		0.95303		0.32643				78.930774

		1188		0.95437		0.324012				78.3461016

		1194		0.95569		0.319176				77.1767568

		1200		0.957		0.316758		1.617642		76.5920844

		1206		0.95829		0.311922				75.4227396

		1212		0.95958		0.311922				75.4227396

		1218		0.96085		0.307086				74.2533948

		1224		0.96211		0.304668				73.6687224

		1230		0.96336		0.30225		1.537848		73.08405

		1236		0.9646		0.299832				72.4993776

		1242		0.96582		0.294996				71.3300328

		1248		0.96704		0.294996				71.3300328

		1254		0.96824		0.29016				70.160688

		1260		0.96944		0.29016		1.470144		70.160688

		1266		0.97062		0.285324				68.9913432

		1272		0.97179		0.282906				68.4066708

		1278		0.97295		0.280488				67.8219984

		1284		0.9741		0.27807				67.237326

		1290		0.97523		0.273234		1.400022		66.0679812

		1296		0.97636		0.273234				66.0679812

		1302		0.97747		0.268398				64.8986364

		1308		0.97858		0.268398				64.8986364

		1314		0.97967		0.263562				63.7292916

		1320		0.98075		0.261144		1.334736		63.1446192

		1326		0.98182		0.258726				62.5599468

		1332		0.98288		0.256308				61.9752744

		1338		0.98392		0.251472				60.8059296

		1344		0.98496		0.251472				60.8059296

		1350		0.98598		0.246636		1.264614		59.6365848

		1356		0.987		0.246636				59.6365848

		1362		0.988		0.2418				58.46724

		1368		0.98899		0.239382				57.8825676

		1374		0.98997		0.236964				57.2978952

		1380		0.99094		0.234546		1.199328		56.7132228

		1386		0.99189		0.22971				55.543878

		1392		0.99284		0.22971				55.543878

		1398		0.99377		0.224874				54.3745332

		1404		0.9947		0.224874				54.3745332

		1410		0.99561		0.220038		1.129206		53.2051884

		1416		0.99651		0.21762				52.620516

		1422		0.9974		0.215202				52.0358436

		1428		0.99828		0.212784				51.4511712

		1434		0.99914		0.207948				50.2818264

		1440		1		0.207948		1.061502		50.2818264

						0		241.8		0





Sheet1

		0

		6

		12

		18

		24

		30

		36

		42

		48

		54

		60

		66

		72

		78

		84

		90

		96

		102

		108

		114

		120

		126

		132

		138

		144

		150

		156

		162

		168

		174

		180

		186

		192

		198

		204

		210

		216

		222

		228

		234

		240

		246

		252

		258

		264

		270

		276

		282

		288

		294

		300

		306

		312

		318

		324

		330

		336

		342

		348

		354

		360

		366

		372

		378

		384

		390

		396

		402

		408

		414

		420

		426

		432

		438

		444

		450

		456

		462

		468

		474

		480

		486

		492

		498

		504

		510

		516

		522

		528

		534

		540

		546

		552

		558

		564

		570

		576

		582

		588

		594

		600

		606

		612

		618

		624

		630

		636

		642

		648

		654

		660

		666

		672

		678

		684

		690

		696

		702

		708

		714

		720

		726

		732

		738

		744

		750

		756

		762

		768

		774

		780

		786

		792

		798

		804

		810

		816

		822

		828

		834

		840

		846

		852

		858

		864

		870

		876

		882

		888

		894

		900

		906

		912

		918

		924

		930

		936

		942

		948

		954

		960

		966

		972

		978

		984

		990

		996

		1002

		1008

		1014

		1020

		1026

		1032

		1038

		1044

		1050

		1056

		1062

		1068

		1074

		1080

		1086

		1092

		1098

		1104

		1110

		1116

		1122

		1128

		1134

		1140

		1146

		1152

		1158

		1164

		1170

		1176

		1182

		1188

		1194

		1200

		1206

		1212

		1218

		1224

		1230

		1236

		1242

		1248

		1254

		1260

		1266

		1272

		1278

		1284

		1290

		1296

		1302

		1308

		1314

		1320

		1326

		1332

		1338

		1344

		1350

		1356

		1362

		1368

		1374

		1380

		1386

		1392

		1398

		1404

		1410

		1416

		1422

		1428

		1434

		1440



time (min)

Rainfall (mm)

0

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.2418

0.244218

0.246636

0.251472

0.25389

0.258726

0.261144

0.26598

0.268398

0.273234

0.275652

0.280488

0.282906

0.287742

0.29016

0.294996

0.297414

0.30225

0.304668

0.309504

0.311922

0.316758

0.319176

0.324012

0.32643

0.331266

0.333684

0.33852

0.340938

0.345774

0.348192

0.353028

0.355446

0.360282

0.3627

0.367536

0.369954

0.37479

0.377208

0.382044

0.384462

0.394134

0.403806

0.418314

0.427986

0.442494

0.452166

0.466674

0.476346

0.490854

0.500526

0.515034

0.524706

0.539214

0.548886

0.563394

0.573066

0.587574

0.597246

0.611754

0.621426

0.643188

0.669786

0.698802

0.7254

0.754416

0.781014

0.81003

0.836628

0.865644

0.892242

0.921258

0.947856

0.976872

1.00347

1.032486

1.059084

1.0881

1.114698

1.143714

1.170312

1.213836

1.271868

1.3299

1.387932

1.445964

1.503996

1.562028

1.62006

1.678092

1.736124

1.876368

2.098824

2.32128

2.543736

2.766192

3.94134

6.06918

8.19702

10.32486

20.3112

20.3112

10.32486

8.19702

6.06918

3.94134

2.766192

2.543736

2.32128

2.098824

1.876368

1.736124

1.678092

1.62006

1.562028

1.503996

1.445964

1.387932

1.3299

1.271868

1.213836

1.170312

1.143714

1.114698

1.0881

1.059084

1.032486

1.00347

0.976872

0.947856

0.921258

0.892242

0.865644

0.836628

0.81003

0.781014

0.754416

0.7254

0.698802

0.669786

0.643188

0.623844

0.609336

0.599664

0.585156

0.575484

0.560976

0.551304

0.536796

0.527124

0.512616

0.502944

0.488436

0.478764

0.464256

0.454584

0.440076

0.430404

0.415896

0.406224

0.391716

0.384462

0.382044

0.377208

0.37479

0.369954

0.367536

0.3627

0.360282

0.355446

0.353028

0.348192

0.345774

0.340938

0.33852

0.333684

0.331266

0.32643

0.324012

0.319176

0.316758

0.311922

0.311922

0.307086

0.304668

0.30225

0.299832

0.294996

0.294996

0.29016

0.29016

0.285324

0.282906

0.280488

0.27807

0.273234

0.273234

0.268398

0.268398

0.263562

0.261144

0.258726

0.256308

0.251472

0.251472

0.246636

0.246636

0.2418

0.239382

0.236964

0.234546

0.22971

0.22971

0.224874

0.224874

0.220038

0.21762

0.215202

0.212784

0.207948

0.207948



Sheet2

		





Sheet3

		






_1051858887.xls
Chart1

		0

		6

		12

		18

		24

		30

		36

		42

		48

		54

		60

		66

		72

		78

		84

		90

		96

		102

		108

		114

		120

		126

		132

		138

		144

		150

		156

		162

		168

		174

		180

		186

		192

		198

		204

		210

		216

		222

		228

		234

		240

		246

		252

		258

		264

		270

		276

		282

		288

		294

		300

		306

		312

		318

		324

		330

		336

		342

		348

		354

		360

		366

		372

		378

		384

		390

		396

		402

		408

		414

		420

		426

		432

		438

		444

		450

		456

		462

		468

		474

		480

		486

		492

		498

		504

		510

		516

		522

		528

		534

		540

		546

		552

		558

		564

		570

		576

		582

		588

		594

		600

		606

		612

		618

		624

		630

		636

		642

		648

		654

		660

		666

		672

		678

		684

		690

		696

		702

		708

		714

		720

		726

		732

		738

		744

		750

		756

		762

		768

		774

		780

		786

		792

		798

		804

		810

		816

		822

		828

		834

		840

		846

		852

		858

		864

		870

		876

		882

		888

		894

		900

		906

		912

		918

		924

		930

		936

		942

		948

		954

		960

		966

		972

		978

		984

		990

		996

		1002

		1008

		1014

		1020

		1026

		1032

		1038

		1044

		1050

		1056

		1062

		1068

		1074

		1080

		1086

		1092

		1098

		1104

		1110

		1116

		1122

		1128

		1134

		1140

		1146

		1152

		1158

		1164

		1170

		1176

		1182

		1188

		1194

		1200

		1206

		1212

		1218

		1224

		1230

		1236

		1242

		1248

		1254

		1260

		1266

		1272

		1278

		1284

		1290

		1296

		1302

		1308

		1314

		1320

		1326

		1332

		1338

		1344

		1350

		1356

		1362

		1368

		1374

		1380

		1386

		1392

		1398

		1404

		1410

		1416

		1422

		1428

		1434

		1440



time (min)

Fraction rainfall ( )

0

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.00101

0.00102

0.00104

0.00105

0.00107

0.00108

0.0011

0.00111

0.00113

0.00114

0.00116

0.00117

0.00119

0.0012

0.00122

0.00123

0.00125

0.00126

0.00128

0.00129

0.00131

0.00132

0.00134

0.00135

0.00137

0.00138

0.0014

0.00141

0.00143

0.00144

0.00146

0.00147

0.00149

0.0015

0.00152

0.00153

0.00155

0.00156

0.00158

0.00159

0.00163

0.00167

0.00173

0.00177

0.00183

0.00187

0.00193

0.00197

0.00203

0.00207

0.00213

0.00217

0.00223

0.00227

0.00233

0.00237

0.00243

0.00247

0.00253

0.00257

0.00266

0.00277

0.00289

0.003

0.00312

0.00323

0.00335

0.00346

0.00358

0.00369

0.00381

0.00392

0.00404

0.00415

0.00427

0.00438

0.0045

0.00461

0.00473

0.00484

0.00502

0.00526

0.0055

0.00574

0.00598

0.00622

0.00646

0.0067

0.00694

0.00718

0.00776

0.00868

0.0096

0.01052

0.01144

0.0163

0.0251

0.0339

0.0427

0.084

0.084

0.0427

0.0339

0.0251

0.0163

0.01144

0.01052

0.0096

0.00868

0.00776

0.00718

0.00694

0.0067

0.00646

0.00622

0.00598

0.00574

0.0055

0.00526

0.00502

0.00484

0.00473

0.00461

0.0045

0.00438

0.00427

0.00415

0.00404

0.00392

0.00381

0.00369

0.00358

0.00346

0.00335

0.00323

0.00312

0.003

0.00289

0.00277

0.00266

0.00258

0.00252

0.00248

0.00242

0.00238

0.00232

0.00228

0.00222

0.00218

0.00212

0.00208

0.00202

0.00198

0.00192

0.00188

0.00182

0.00178

0.00172

0.00168

0.00162

0.00159

0.00158

0.00156

0.00155

0.00153

0.00152

0.0015

0.00149

0.00147

0.00146

0.00144

0.00143

0.00141

0.0014

0.00138

0.00137

0.00135

0.00134

0.00132

0.00131

0.00129

0.00129

0.00127

0.00126

0.00125

0.00124

0.00122

0.00122

0.0012

0.0012

0.00118

0.00117

0.00116

0.00115

0.00113

0.00113

0.00111

0.00111

0.00109

0.00108

0.00107

0.00106

0.00104

0.00104

0.00102

0.00102

0.001

0.00099

0.00098

0.00097

0.00095

0.00095

0.00093

0.00093

0.00091

0.0009

0.00089

0.00088

0.00086

0.00086



Sheet1

				XY3 4 241 0 6 0 0 0 0 0 typeIII-24hour

		0		0		0

		6		0.001		0.001

		12		0.002		0.001

		18		0.003		0.001

		24		0.004		0.001

		30		0.005		0.001

		36		0.006		0.001

		42		0.007		0.001

		48		0.008		0.001

		54		0.009		0.001

		60		0.01		0.001

		66		0.011		0.001

		72		0.012		0.001

		78		0.013		0.001

		84		0.014		0.001

		90		0.015		0.001

		96		0.016		0.001

		102		0.017		0.001

		108		0.018		0.001

		114		0.019		0.001

		120		0.02		0.001

		126		0.02101		0.00101

		132		0.02203		0.00102

		138		0.02307		0.00104

		144		0.02412		0.00105

		150		0.02519		0.00107

		156		0.02627		0.00108

		162		0.02737		0.0011

		168		0.02848		0.00111

		174		0.02961		0.00113

		180		0.03075		0.00114

		186		0.03191		0.00116

		192		0.03308		0.00117

		198		0.03427		0.00119

		204		0.03547		0.0012

		210		0.03669		0.00122

		216		0.03792		0.00123

		222		0.03917		0.00125

		228		0.04043		0.00126

		234		0.04171		0.00128

		240		0.043		0.00129

		246		0.04431		0.00131

		252		0.04563		0.00132

		258		0.04697		0.00134

		264		0.04832		0.00135

		270		0.04969		0.00137

		276		0.05107		0.00138

		282		0.05247		0.0014

		288		0.05388		0.00141

		294		0.05531		0.00143

		300		0.05675		0.00144

		306		0.05821		0.00146

		312		0.05968		0.00147

		318		0.06117		0.00149

		324		0.06267		0.0015

		330		0.06419		0.00152

		336		0.06572		0.00153

		342		0.06727		0.00155

		348		0.06883		0.00156

		354		0.07041		0.00158

		360		0.072		0.00159

		366		0.07363		0.00163

		372		0.0753		0.00167

		378		0.07703		0.00173

		384		0.0788		0.00177

		390		0.08063		0.00183

		396		0.0825		0.00187

		402		0.08443		0.00193

		408		0.0864		0.00197

		414		0.08843		0.00203

		420		0.0905		0.00207

		426		0.09263		0.00213

		432		0.0948		0.00217

		438		0.09703		0.00223

		444		0.0993		0.00227

		450		0.10163		0.00233

		456		0.104		0.00237

		462		0.10643		0.00243

		468		0.1089		0.00247

		474		0.11143		0.00253

		480		0.114		0.00257

		486		0.11666		0.00266

		492		0.11943		0.00277

		498		0.12232		0.00289

		504		0.12532		0.003

		510		0.12844		0.00312

		516		0.13167		0.00323

		522		0.13502		0.00335

		528		0.13848		0.00346

		534		0.14206		0.00358

		540		0.14575		0.00369

		546		0.14956		0.00381

		552		0.15348		0.00392

		558		0.15752		0.00404

		564		0.16167		0.00415

		570		0.16594		0.00427

		576		0.17032		0.00438

		582		0.17482		0.0045

		588		0.17943		0.00461

		594		0.18416		0.00473

		600		0.189		0.00484

		606		0.19402		0.00502

		612		0.19928		0.00526

		618		0.20478		0.0055

		624		0.21052		0.00574

		630		0.2165		0.00598

		636		0.22272		0.00622

		642		0.22918		0.00646

		648		0.23588		0.0067

		654		0.24282		0.00694

		660		0.25		0.00718

		666		0.25776		0.00776

		672		0.26644		0.00868

		678		0.27604		0.0096

		684		0.28656		0.01052

		690		0.298		0.01144

		696		0.3143		0.0163

		702		0.3394		0.0251

		708		0.3733		0.0339

		714		0.416		0.0427

		720		0.5		0.084

		726		0.584		0.084

		732		0.6267		0.0427

		738		0.6606		0.0339

		744		0.6857		0.0251

		750		0.702		0.0163

		756		0.71344		0.01144

		762		0.72396		0.01052

		768		0.73356		0.0096

		774		0.74224		0.00868

		780		0.75		0.00776

		786		0.75718		0.00718

		792		0.76412		0.00694

		798		0.77082		0.0067

		804		0.77728		0.00646

		810		0.7835		0.00622

		816		0.78948		0.00598

		822		0.79522		0.00574

		828		0.80072		0.0055

		834		0.80598		0.00526

		840		0.811		0.00502

		846		0.81584		0.00484

		852		0.82057		0.00473

		858		0.82518		0.00461

		864		0.82968		0.0045

		870		0.83406		0.00438

		876		0.83833		0.00427

		882		0.84248		0.00415

		888		0.84652		0.00404

		894		0.85044		0.00392

		900		0.85425		0.00381

		906		0.85794		0.00369

		912		0.86152		0.00358

		918		0.86498		0.00346

		924		0.86833		0.00335

		930		0.87156		0.00323

		936		0.87468		0.00312

		942		0.87768		0.003

		948		0.88057		0.00289

		954		0.88334		0.00277

		960		0.886		0.00266

		966		0.88858		0.00258

		972		0.8911		0.00252

		978		0.89358		0.00248

		984		0.896		0.00242

		990		0.89838		0.00238

		996		0.9007		0.00232

		1002		0.90298		0.00228

		1008		0.9052		0.00222

		1014		0.90738		0.00218

		1020		0.9095		0.00212

		1026		0.91158		0.00208

		1032		0.9136		0.00202

		1038		0.91558		0.00198

		1044		0.9175		0.00192

		1050		0.91938		0.00188

		1056		0.9212		0.00182

		1062		0.92298		0.00178

		1068		0.9247		0.00172

		1074		0.92638		0.00168

		1080		0.928		0.00162

		1086		0.92959		0.00159

		1092		0.93117		0.00158

		1098		0.93273		0.00156

		1104		0.93428		0.00155

		1110		0.93581		0.00153

		1116		0.93733		0.00152

		1122		0.93883		0.0015

		1128		0.94032		0.00149

		1134		0.94179		0.00147

		1140		0.94325		0.00146

		1146		0.94469		0.00144

		1152		0.94612		0.00143

		1158		0.94753		0.00141

		1164		0.94893		0.0014

		1170		0.95031		0.00138

		1176		0.95168		0.00137

		1182		0.95303		0.00135

		1188		0.95437		0.00134

		1194		0.95569		0.00132

		1200		0.957		0.00131

		1206		0.95829		0.00129

		1212		0.95958		0.00129

		1218		0.96085		0.00127

		1224		0.96211		0.00126

		1230		0.96336		0.00125

		1236		0.9646		0.00124

		1242		0.96582		0.00122

		1248		0.96704		0.00122

		1254		0.96824		0.0012

		1260		0.96944		0.0012

		1266		0.97062		0.00118

		1272		0.97179		0.00117

		1278		0.97295		0.00116

		1284		0.9741		0.00115

		1290		0.97523		0.00113

		1296		0.97636		0.00113

		1302		0.97747		0.00111

		1308		0.97858		0.00111

		1314		0.97967		0.00109

		1320		0.98075		0.00108

		1326		0.98182		0.00107

		1332		0.98288		0.00106

		1338		0.98392		0.00104

		1344		0.98496		0.00104

		1350		0.98598		0.00102

		1356		0.987		0.00102

		1362		0.988		0.001

		1368		0.98899		0.00099

		1374		0.98997		0.00098

		1380		0.99094		0.00097

		1386		0.99189		0.00095

		1392		0.99284		0.00095

		1398		0.99377		0.00093

		1404		0.9947		0.00093

		1410		0.99561		0.00091

		1416		0.99651		0.0009

		1422		0.9974		0.00089

		1428		0.99828		0.00088

		1434		0.99914		0.00086

		1440		1		0.00086





Sheet1

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



SCS normalized hyetograph
 from the Type III curve
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