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Introduction

This rainfall analysis memorandum has been prepared under th@qmject hydraulic and
hydrologic studies related to the National Roads Authority (NRA) proposed\Esst(EW) Arterial
Highway Expansion Project on Grand Cayman IslRedhingon & Vernick Engineers has been
retained to prepare a Hydraulic and Hydrologic study forgheposed EW Arterial Expansion by
NRA This report analyzes the Grand Cayman Island rainfalltdatatermine the intensity
duration-frequency amounts for varigs rainfall events and the rainfall distribution

Various short term and lontgrm rainfall data in different time steps were providbg the client
Data was analyzefr quality control then usetb determinethe design storm$o be used irthe
proposed highway drainagafrastructureof the studyarea To better represent and understand
the rainfall data, descriptive statisticaghrametersincludingmaximum, minimum, average,
median,and 15t Quartile and 3' Quartile of the rainfall or callated rainfall were calculated
Frequency analysis, correlation and regression metheglg usedto studyof the similarityof the
weatherstationaswell aspredictionof the events with various return periods.

GrandCaymairislandClimate

In general basedon the Kbppen Geigerclimatemap,the climateof the Cayman Islands a
combinationof tropicalhot andhumidthroughoutthe year,with adry, relativelycold months from
late November to mieApril [1] The average amount of precipitatiosalmost 1,400 millimeters
(55.10 inches) per year, and the wettest months are September and October.
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Figurel Koppen Geigerclassificatiorof the studyarea

RainfallAnalysis

Three sets of rainfall data @rereceived The first two sets of data included a set of daily rainfall
data of theCayman Islandé/ater Authorityrain gauges or weather statigulatathat includes at
minimum, 16 rainfallstationsspanrnngfrom 1982to 2021 Thethird set of data received was the
hourly data of from 4 weather stations including ACWW, AGRI, CWCWB and DVNS (Fithee 2)
second sebf data spanned fron2009 to 2022 Table 1 shows the availability of the hourly data
HOBOware software was used for retrieving the logged data by HOBO onset data.l@ggers
spreadsheet of yearly totals at Grand Cayman containing the grezddsbur rainfall by month for
years 1988 to 202®%/as also received.

Method

Thereceiveddatawaschecked foiquality assurance A correlationstudywasusedto determine

the correlation between the rain gauge¥he stronger correlation shows the simitgrof the

recorded data between two weather stations and the missing data of one station can be estimated
by the correlation relation.

Thedaily (24 hours)recordeddatawasusedfor maximumdaily rainfallintensityanalysis Daily data is
available from year 1982 to year 2021 for the majority of the rain gauges under the jurisdiction of
Water AuthorityacrossGrandCayman IslandThe peak 24 hours rainfall from the weather stations
wereidentified and then the maximum dailgerage 24hours) intensity wasalculated Thedata
wasusedfor rainfallintensityanalysisaswell asextremeevent identification.



Hourly data of 4 weather stations (Figure 2) including ACWWRIAGNCWB and DVNS was used
for the rainfall distribution analysis1l-minute logged rainfall data was created from the recorded
dataloggersinformationandthen the 5 minutes,10 minutes,15 minutes,30 minutes, hourly, 6
hours, 12 hours and 24 hours time series were generafidte developed time seriesare used for
rainfall distribution analysis and creating IntenddyrationFrequency (IDF) curve$he Weibull
equation (T=m/n+1) was used for retuperiod calculationif needed, whereas m is the rank of the
event and n is the total number of the studied events.
Probability(P=1/T)alsowascalculatedasthe inverse ofthe return period.

Rainfallintensity

Theresult ofthe statisticalinvestigationfor maximumz24-hoursrainfall intensityis shownon Figure
1. The intensities calculateare between 3.22 mm/hi(0.13 in/hr)to 20.49 mm/hr(0.81 in/hr)
with a mean of 8.15 mm/h¢0.32 in/hr) The analysis showed the value of 20.49 mn{hB81
in/hr) is an extreme everhat corresponds to Hurricane lvaR004 Atime serieswas generated
for the 40 yearslata andthe return period was calculatedlhe Figure 4 shows the graph that
includes rainfall intensities versus the return periods

The data followed a logarithmdistribution. A linear logarithmic relation with a goodness of fit of
0.97 was fitted The regressed relation expected a 3¥ar return period maximum 24 hours
rainfall intensity a26.73mm/hr (1.05 in/hr) Fromthe calculated returrmperiods,the probability

of each event was calculated and then the cumulative probability calculatbd resulof
cumulativeprobability versusmaximum24-hoursrainfalldepthsare shownon Figure5. It can be
concluded fronFigure 5 that 50% of the eventsy@amaximum 24 hours rainfall deptf less

than 200mm (7.87 in) corresponding t8.33mm/hr (0.33 in/hr)and 90%of the eventshave a
maximum24 hoursrainfall depthlessthan 300mm (11.81 in) corresponding t2.50 mnihr (0.49
in/hr).



Tablel AvailableHourlyData

January X X X X DA DA X C DA DA b3 X X
February X X X X DA DA C © DA DA X X X
March X X X X DA DA C C DA DA DA X x X
April X X X x DA DA C x DA DA X x X
May X x x x DA DA C X DA DA X x X
June X X X X DA DA C < DA DA DA X X X
July x x x x DA DA DA x DA x DA x X x|
August X X X x DA DA DA DA DA x DA x X |
September  x x x x DA DA DA DA DA DA DA x X X
October X X X DA DA x DA DA DA DA X X X
November  x X X DA x DA DA DA DA x X X X
December  x X X X DA DA X DA DA DA X X x|

“

January x DA DA x x DA DA C x x DA DA x x|
February X DA DA x x DA C C DA DA DA DA x X
March DA DA DA x x | DA C C DA DA DA DA x X
April DA DA DA x x DA C DA DA DA DA x X bs
May DA DA DA x x DA C DA DA DA DA x x X
June DA x | DA X x DA C C X DA DA X X X
July DA x | DA x x x x DA x | DA DA | x x X
August DA x X x DA x DA x DA DA x X X
September. DA DA  x X x | DA x/ DA x DA DA x X X
October DA DA x X x DA x DA x DA DA x X x|
November | DA DA  x X X DA x DA x DA DA x X X
December | DA DA x X x DA X DA x DA DA X X X

January X DA DA DA x C DA DA DA DA x x|
February X DA DA x X C C DA DA DA DA x x|
March DA DA X X C C DA DA DA DA X X
April DA DA X x DA C DA DA DA DA DA x x|
May DA DA X X DA C DA DA DA DA DA x |
June DA DA x X X DA C C DA DA DA DA x X
July DA DA DA x x DA x DA DA DA DA x X x|
August DA DA DA x x DA x DA DA DA DA x X X
September. DA DA x DA x X x | DA DA DA DA x X x|
October DA x DA x x DA DA DA DA x x X
November | DA X x DA x x DA DA DA DA x X X
December | DA DA x DA x DA DA DA DA DA x x X

X
X
X

January X DA x x DA C x x x x X X
February X X DA x DA C C x X x x X x|
March DA x | DA DA x DA C C x X x x X x|
April DA x DA x | DA C DA x X X X X x|
May DA x DA x DA C DA x x x x x X
June DA DA x [ DA x DA C C X x b x x X
July DA DA x DA x | DA DA DA x X x x X x|
August DA DA x DA x DA DA x X X x x x X
September. DA DA  x X x | DA DA x x X x x X x|
October DA DA x X x | DA DA x X X x x X x|
November ' DA DA  x X x DA DA x x x x x X X
December A DA DA x X x DA DA x x x x x X X

DA DataAvailable

x Datawasnot available

c DataAvailableAmongall FourWeatherStation
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Figure2 Map of the Caymarislandweatherstations(red circledshowsthe stationwith hourly data)
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Box plot (Intensity (mm/hr))
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Figureb Cumulativeprobabilityversusmaximum?24 hoursrainfalldepth

Hourly RainfallAnalysis

A correlationstudyamongthe rain gaugeswith hourly datawasperformedandthe resultsare shownin the Table
2. Two period, yellow highlighted in Table,in 2015 and 2016 when the data was available for all four rain
gauges wre selected for correlation study and the daily rainfall depths were used for analy$«CWB and
DVNS showed the strongest correlation among the study rain gaddesdata from tese two rain gauges can
be used interchangeable and the missing data of one station can be estimated from the othéftenkarger the
correlation coefficient, thenore accurate will be thpredicted data

Table2 Correlationstudyamongthe rain gaugeswith hourly data

vear- C(Oerge'atiO” Rain gauge | ACWW | AGRI | CWCWB | DVNS
ACWW 1.0 0.24 0.39 0.17

10 AGRI 0.24 1.0 0.4 0.33

& CWCWB 0.39 0.4 1.0 0.59

DVNS 0.17 0.33 0.59 1.0

ACWW 1.0 0.03 0.02 0.06

© AGRI 0.03 1.0 0.1 0.03

& CWCWB 0.02 0.1 1.0 0.4

DVNS 0.06 0.03 0.4 1.0




RainfallDistribution Analysis

Hourly data was used for distribution analysisach event was created from the rainfall data using a minimum of
25.4 mm (1 inch) and then 24 hours fractional rainfall depth calculated for each. e&rratverage of the events
was used for distribution analysifigure 6 shows the calculated distritartifor theWater Authorityrain gauges
and its comparison with NRCS rainfall distribution and FDOT [4] in Bigntkhe comparisorwith NOAArainfall
distributionsand FDOTis depictedin Figure7. Whilethe expectation was thabrandCayman Island follow the
NRCS TYPE Il rainfall distribution, the data mainly showed tendency soilvardRCSYPE distribution for

hours 0 to 9andthe NRC3YPE Il distributicinom hours 17 to 24Figure 6) Boththe NRCS and NOAA types of
distribution centered the events around mathy and NRCS TYPE curves considered SP#eafent between
hours12 and 14 while NOAZonsidered70% of the event betweehours 2 and 14 FDOT usea gradual type of
distributionthat centered around 12 Attachment B shows the NRCS type rainfalls across the United States.
Attachments & D shows the NOAA and FDOT rainfall distribution fdouarmeriods.

Cayman Island 24 Hours Rainfall Distribution
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Figure6 EstimatedGrandCaymanrslandrainfall distributionwith regardsto the NRCS
distributions and the FDOT distribution
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Cayman Island 24 Hours Rainfall Distribution
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IDFQurves

For the generated time series with 5 minutes, 10 minutes, 15 minutes, 30 miriutesyr, 6 hours, 12
hours, and 24 hours duratienassociated rainfall intensities and return persadere calculated then the
values were used for generating IDF curviedtial IDF curves for the studyreaare shownin the Figure

8. Asexpectedthe graphshowsthat the largerintensitiesare as the result of shorter duration rainfall
events.

11
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Figure8 CalculatedDFcurvesfor the studyarea

The available daily and hourly rainfall data was analyzed in this reperit was discussead earlier
literature, there are a number of missing information amthck of a longerm rainfall datain the study
areathat precludesdentifyingthe IDFcurvesprecisely{2]. Theresults of the IDRnalysiscorrelat with
the resultspresented byBaird and Associatg8] for the Cruise Berthing Facility (201%arger values
for both the IDF curves and/ears rainfallntensitywere calculated Additionally, it is demonstrated
that the overallrainfalldistribution shows a good agreement with FDOT rainfall distribution pattern.

12
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Attachments

A- Descriptivestatisticsof maximum24 hoursrain

Descriptivestatistics(Quantitativedata):

Statistic

Numberof observations

Minimum

Maximum

15t Quartile

Median

3 Quartile

Mean

Variancgn-1)
Standarddeviation(n-1)

Intensity

(mm/hr)

40
3.217
20.492
5.749
7.477
10.180
8.154
11.723
3.42¢
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Introduction

This hydraulic and hydrology analysis memorandum has been prepared under the pre-project
hydraulic and hydrologic studies for the Cayman Islands Government National Roads Authority
(NRA) proposed East-West (EW) Arterial Roadway Project on Grand Cayman Island. Remington
& Vernick Engineers has been retained to prepare a Hydraulic and Hydrologic study for the
proposed EW Arterial Expansion by NRA. This report employed the results of the Grand
Cayman Island rainfall analysis report (Memorandum 1) and land data to perform a two-
dimensional hydraulic model. The Hydraulic model was used to prepare inundation flood maps
under various rainfall events or scenarios. This report was initially prepared for the only
proposed East-West roadway option and the revised report has been prepared for several
roadway alternatives. Inundation flood maps for a 2-year, 10-year, 25-year, 50-year, 100-year,
and Hurricane lvan of 2004 were prepared for a bigger drainage area. In general, the results
showed that for the studied scenarios the depth of the floods from a 2-year to a 100- year
event would be between 0.15 ft and 6 ft along the proposed inland roadways and the flood
depth can be up to 10 feet for the roadway alternatives near the coastal area on the southwest

of the site.

Grand Cayman Island Climate

In general, based on the K6ppen- Geiger climate map, the climate of the Cayman Islands is a
combination of tropical hot and humid throughout the year, with dry, relatively cold months
from late November to mid-April [1]. The average amount of precipitation is almost 1,400

millimeters (55.10 inches) per year, and the wettest months are September and October.

Method

Three software packages including QGIS, HEC-HMS and HEC-RAS were used to perform this
study. The results of the rainfall study along with GIS information (lidar, land use, and soil
information) were input into the models. QGIS was used to extract an approximate general
limit of the study area from the larger GIS information that was provided by the client (Figure
1). The US Army Corps of Engineer’s Hydrologic Engineering Center Hydrologic Modeling
System (HEC-HMS), that is designed to simulate the precipitation-runoff processes of dendritic
drainage basins, was used for hydrologic analysis. Using Lidar information from Cayman Lands
and Survey website, a terrain model, in Grand Cayman datum, of the study area was built using
QGIS for input into HEC-HMS [2]. HEC-HMS was used for delineating the drainage area and
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subcatchments from the terrain model and to define their characteristics for the model and
rainfall-runoff studies (Figure 2 and Figure 3). Watershed and subcatchment boundaries are
determined in the analysis at the accuracy of the terrain model. Refinement of the boundaries
requires greater accuracy of the terrain model and local investigation, particularly along Frank
Sound Road. From the model, the general runoff direction is from the east and west towards

the north.

The groundwater lenses are generally situated under the high ground areas at the top of the
watershed. There is an exfiltration of the lenses into the mangrove areas of a small amount

that is not included in the analysis.

Future land development along with the roadway corridor without stormwater volume and rate
reduction measures will increase runoff occurring at a faster time into the mangroves. With
stormwater volume and rate reduction measures, such as the deep well injection methods
currently utilized, is expected to reduce rates and volumes, but at an unknown amount due to
the differences in the hydrologic methods utilized. Future development has not been

addressed in this study.

The outputs from the HEC-HMS model, including the delineated drainage area and hydrographs,
were input to the US Army Corps of Engineer’s Hydrologic Engineering Center River Analysis
Program (HEC-RAS) for preparing two-dimensional flood maps of the study area. A 2D area of
almost 22 sg miles was defined over the study area (Figure 4). The 2D area mesh contained
more than 427,733 computational cells. Additional information to run the HEC-RAS 2D model
[3] including land use, infiltration, and manning’s coefficients [3&4] were prepared from the GIS
information received along with information from the Cayman Water Authority, Department of
the Environment, and Department of Agriculture on the soils and land use shown in Figures 5
and 6. The assumed Manning’s coefficient, percent impervious area, and soil infiltration
information parameters are summarized in Table 1 and Table 2. USGS guidelines and the HEC-
RAS 2D user manual were used for Manning’s coefficient and soil parameters selection. The
proposed roadway alignments were exported from AutoCAD into QGIS. The Proposed roadway
shape files were generated in QGIS and then imported into HEC-RAS 2D for demonstration on
the flood inundation maps. Figures 10 through 15 show the final developed flood inundation

and depth maps.
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Lower Valley Lens Approximate Location

Figure 1 Study area boundary terrain model extracted by QGIS

Page | 5



W-I-I-I.Iﬂ

L o
&

Figure 2 Delineated hydrological subcatchments for the study area
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Figure 3 The delineated drainage area overlayed with a bigger Cayman Island map




Figure 4 defined two dimentional flow area in HEC-RAS
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