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Abstract

The application of sustainable stormwater managemsysiemin waterlogging areas of urbanized
catchments is the most effective method that helps toalasurface stormwater runoff caused by
recurrent and extreme rain events. Applying arbiention system for flood reduction through
infiltration and evapotramsration processes will help to create an attractive urban street with better
environmental prformance. Since cities are becoming more impervious, the stormwater runoff
increases and will affects the downstream land and water bodies by flooding. IiABdbdes applying

a sustainable stormwater management system is a timely act due to the cmgdingbanization and
increment in impervious surfaces that result in stormwater runoff that causes flooding and surface
water pollution. In this regard, innawee and flat terrain considerate design responses are needed in
low-lying plains with diffiaulties to apply conventional pigeased drainage systems. The design
intervention will reduce the waterlogging effectcur due to extreme rain evenitée objective of the
research is to apply cudxtensions as a bi@tention system for sustainable storater management

of waterlogging local streets in the ldwing residential areas of Addis Ababa. Specifically, the study
identified areas affected/lpeak stormwater flow that creates a waterlogging problem over local streets
of the case study area. Astainable design solution is proposed by considering the infiltration,
retention, and evapotranspiration capacity of @xtensions. The study idefitid flooding and
waterlogging areas in the city, at the river catchment, and isttluly, site using hytlogical and
spatial data. UsingrcGIS-based hydrologic analyst tools, blue spots located along the flow direction
of the streams identified as depsions usually experienced an overflow of stormwater and
waterlogging. To minimize the risk of waterloggi a sustainable design solution as a curb extension
system designed by estimating the water balance from the actual water holding capacity bbof natura
depression (bluspot) and the stormwater runoff generated from the catchment area that naturally
draina into the specific bluspot. The curkextension system was designed as aréiention and
streetscape element by modifying the native soil, gfdy@Vater intake plants on the top of the system
for infiltration andretention purposdn this regardthe designed curb extension will substantially
manage the highest intensity of precipitation (40 mm/hr) of 10 years of rainfem@ntDF curve of
AddisAbaba. Thalesigrnreduceghe volume of stormwater runoff from 22.895 m3 to 8.477 m3, which

is 62 % d runoff. The study concludes that if the municipality of Ad@isabadevelops a curb
extension system over the local streets of the entire neighimshaffected by waterlogging, the
flooding problem will be reduced substantially with more greening &renwmental benefits. The
system will also contribute to the reduction of downstream flooding by minimizing stormwater runoff
flowing into the Akaki river system. As a multifunctional drainage design facility, the system has the
potential to create a greenreet that helps to improve the standard of living and boost the
environmental quality of the area. Finally, the study recommended further study opsttaling of
proposed curextension by developing more empirical and experimental settings as arpjéattp

The pilot projects will help the city to consider the certtension system for the greening, drainage
design, and urban planning practicédoreover, the tests and demonstration works will justify its
competency for improving the livability antvélihood of the local people within urban settings that
were frequently affected by waterlogging.

Keywords: Blue spots, peak runoff, IDF curve, kietention infiltration.
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Chapter I: Introduction

In urban and developed areas, impervious surfaces such as pasecheobfs prevent precipitation

from naturally soaking into the ground. Instead, water runs rapidly into storm drains, sewer systems
and drainage ditches and can cause flooding, erosidndity (or muddiness)waterlogging, storm
andoverflow, andinfra st r uct ur e damage. However, stor mwa-t

capture and reuse stormwater to maintain or restore natyral r o (Kezgkyebas, 2018).

Green infrastructure can successfully be implememtémviland areas to manage urban watging,

runoff, and flooding. Although the use of green infrastructure practicesedowest slopes must be
considered early in the planning and design phasssydapproaches are available to customize green
infrastructure practices that are appraf@ for use on a range of lowlan@&o(ls,2014) Implementing

green infrastructure componeiig a significant strategy to improve water quality and helps to acquire
multiple communitybenefits Stormwater management byeen infrastructureonsideras stuctural

or nonstructural practices that mimior restore natural hydrologic processes within the built
environment. Common green infrastructure practices includmegable pavement, bi@tention
facilities, and green roofsSpils, 2014).These practicexomplement conventional stormwater
management practices by enhancing infiltration rate, storage competence, and evapotranspiration

throughout the built environmenbé managing runoff at its source.

The unmanaged runoff caused by a combination of exeessinfall, poor external drainage, poor
internal drainage of the surface cawgsterlogging with the inability of the soil to infiltrate much
water.Presently practiced drainage measures cause water pqglliironmental and infrastructure
degradation Bio-drainage, in which the property of transpiration of trees is used to strike a water
balance and check the rise of groundwater table above lcdepsh, can be an option to control
waterlogging (Kapoor, 2000).Bioretention features/curb extensiorfs&ls a major significare to
practice these drainage measuresmagy natural processes occur within these curb extensia cell
infiltration, storageby retention can reduce runoff volumes and attenuates peak flows. The vegetation
and the soil compositidniological and chemical reactions occur in the mulch and soil matrix filter the

stormwater through vegetation and sbilfes &Kloss, 2010).



1.1. Background of study
Stormwater curb extensions can be used in a variety of land uses from highly wthareercial

streetscapes to ledensity residential streets. Currenttyirb extensions are applied to use in steep
slope conditions for capturing runoff from upstream catchments. They also serve as stormwater tools
to help maintain the hydrologic balanaian area using withdrawal of groundwater by plantations to
avoid watelogging and pick flows with the rise of groundwater table that helps maitt@inater

balance of the sitd=@bry et al, 2010).

With various ongoing developing cities in Ethiopia,dglAbabas considered as one tifeurbanized

area in the country. Fom the city development procedure, the impact of imperviousness causes
increasing runoff as a serious environmental problem affecting the city. During the rainy season
residentih areas of the city are flooded and waterlogged disturbing infrasteuctutiine and
sometimes claims theviésof people. An increase in the builp structure, river buffer degradation,
poor solid waste managemeand low coverage of stormwater draieagiructure are the causes for

the occurrence of floadn the city (Asefa& Mpyanga2016.

Considering the surface flooding the groundwater table also have an impact on the waterlogging and
flooding problemAbiye et al 2009) The groundwater depth maftheAddis Ababa area is prepared

from April/May 2000 boreholes inventory data shows lower groundwater table at the central and the
Southernpart of the town. Especially at some places of Filwoha, Ljdetd Kality areas exhibits
artesian groundwateronditiors. The confinement at the central part of the town varies from 23 to
more than 100meters The confinement is maximum along elongated strip ngdhbth direction
(Filwoha, Lideta, Mekanisa, Lafto, Kailty) and the confinement decreases both @adtern ad

western direction from this elongated strip. Most of the shallow groundwater area at the north of the
town is unconfinedA large proportion of the central part of the town is under confined groundwater
conditiors with groundwater depthvarying from Oto 40 meters. The depth of the groundwater in
general, increases in the south direction. There are also deep groundwater areas more than 120 metel

dependingonthe topography of the areAlfiye et aj2009).
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Figure 1: Groundater depth oAddis Ababa (Source: Borehole inventory data of AAWSA,3000

The southern sites with definiteepth of groundwater table have a combination of low permeability
subsoil s, t halsowithalpwsperméalilsy chardad(@ndida2001).There are types of

soil most susceptible to waterlogging effect particularly they occur on low slope dainly sandy

and heavy textured clayey soils have these waterlogging effects. The sandy stigiaits enhances
water infiltration while the clay subsoil can
less water and lose less waterdwaporation than do clayey soils. Clay soils are waterlogged when
the water ponds on the surfeared saturates the soil outline from the dmpvnwardsWhereas Sandy

soils saturate from the clay subsopwards Cox & Mcfarlane, 1995)Such sites with trse soil
characters and with high level of unconfined aquifavaterlogged even in years of |ominfall
especially, in areas where there gfeastructural problemdn Addis Ababahese problemmainly

occur onlocal roads with poor material finishing@workmanship



1.2. Problem statement
Urbanization haa negative inpact on the naturakrainage pattern and increases urban flododgies

and towns of our planeDensely populated tovenand cities with less green infrastructures, face
waterlogging ad flooding during heavy rainfall. These are common phenomenon mostly in
developing natios (Anisha and Hossain,2014). The stormwater generated from heavy rainfall due to
lack of planned stormwater management system and poor infrastructure developnidetingribe
topography of the area causes waterlogging at low daeds.The hydrologicaland environmental
proceses that occur in the catchment area can be affected by the urbanization of the area due to the
increase of imperviousness on the surface.imbease in impervious areas leads to a higher runoff

peak flow even for a short duratiof low-intensity rainfall causinfjooding.

In urbanizedcatchment ofesidential areas, mainly pervious roads face the problem of waterlogging.
Presently practicedrainage measures on the roads célasé flooding and infrastructure degradation.
Consicering the sitethere are some fluctuations in the water table level from season to season.
Otherwise, the groundwater system over a period of time reaches a gqtelibfium and remains

fairly stable. With the advent of flooding when a large quanfitywater is brought fronthe outside

area, the state of equilibrium is disturbed ahd groundwater table no longer remains stable.
Depending upon the quantity of necremental recharge, the groundwater table starts rising and
continues to do so untilreew balance is reached. As longlasbalance is not reached, the water table
continues to rise and may come upthe ground surface or rise even higher, causintevi@gging.
Ultimately, evaporation frortheground surface inwaterlogged area ardesurface of formed water

pools along with other withdrawals strikes a balance with the quantity of recharge (Ka{a®y.

On thelower surfaceof the sitewaterloggng intensity close to the soil surface perched water levels
rise, and the water levels gtlbong close to the surface. Moreover, the waterlogging intensity gliffer
from time to time and it reael its highest peak duringhe wet time of the yearJox &
McFarlane,1995)These waterlogging effecauses a major distraction on th&astructure system of
the urban development. In Addis Ababa mainly local cobblestmadsin residential areasxperience
such problems. Patches are created due to stagnanowalter roads making those very risky and the
roads remain unrepaired fonany days, creates blockage on thrain. The major waterlogging
problem is related to stormwater generatiorresidential areasleveloped over lovying plans.
Groundwater table @ an impact on the stormwater accumulation on paved surfaseseds. lack

of sustainable watkrgging solution in lower slop areas, specifically ftne local streets of
neighborhood causes major waterlogging problem which causeffective balance 6surface and

groundwateisystemsConsideringtheseresearch fisures the aim of the present stutesign green

4



infrastructure curb extension on low land sites of Addis Almbthelocal streetof theresidential
areato achieve water balance, to avaoidterlogging and property damagehese are taught by
managing th site slop characterwhich contros runoff volume) water immersing intensity of the
road (considering soil character), and also considering the vegetgpology (Uses to control
groundvater tablehrough evapotranspiratipriThese help to gain wetlerformed road infrastructure

with no drainage and wategging problem and with better environmental performance.

1.3. Objective of the study

General objective

To evaluatethe applicabiliy of curb extension for sustainald®rmwater management on streets

developed over low sl@mrea of Addis Ababa with waterlogging Problem.
Specific objective

1 To map areas with waterlogging problems in Addis Ababa anityidentify a local street as
casearea

1 To desggn curb extension as a sustainable waterloggiagagement systeand peak runoff
solution forlocal street.

1 To estimatethe efficiency of the curb extensiotihat reduce stormwater runoff and

waterlogging intensity.

1.4. Researchquestion
1 Where do waterlogged areas found inAddis Ababa city and whats their general

characteristicg

1 What kindof sustainableurb extension desigmeedecdtonsidering the site rate of runoff and
logging intensity which is established over a local street with waterlogging problem?

1 On what leel effectiveness the design curb decreases the stormwatéf and waterlogging

intensity?

1.5. Significance
The study focused to solve waterlogging problem considering the site stormwater runoff, waterlogging

intensity, slope, and infiltration capagcitit hasa major relevance towards:

1 Thelocal communities and direct users of the infrastructure. The study helps to improve the

drainage system into a green nathased solution.



1 To the local planners and authorities on the design implication. Whicktuldg helps to
provide a sustainable way of maging waterlogging in terms of cost and effectiveness for the
long-term base.

1 For policymakers at the local and city level. Considering it as a guideline for the planning of
sustainable natuseased drainaggystem.

1 For Academia, as a reference for ottesearch purposes.

1.6. Scope

Since the study covers Addis Ababa site with the case area of Akaki Kaiity, analyzing the

peak stormwater runoff rate and risk evaluation taken place on the local neadhtically the research

is focused orsurface and groundwater hydrology of urbanized portion oflyawg plains with roads

surface condition, soil typeand vegetation study for the design that are used for testing the

applicability of curb extensions.

1.7. Limitation
To perform these designs and its analysis dtegre are some unfavorable conditions:

T

It s hard t o AdaisAbgbarediomeneracal aluesbechuse of the high number
of bulky data it has to be analyzed.
Hard to find theadvancedDEM datawith 5m cell siz¢o gain an exact number of quantification

and measuring during dagaalysis.



1.8. Work Flow
The researcBtructure layoutonsidering the existing facility data inpartd the qualitativeanalyzed

out puts.
Residential area <2 %slop
in A.A city with
waterlogging problem
Rods with damage Site visitation Local roads Roads with stormwate
construction, concentfatigre | sorting waterlogging area and | | draining ability.
of stormwater and flopding peak runoff volume fathe site. having good
construction quality
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Figure2: Research design with respected procedures. managing:urb elemen




Chapter II: Literature Review

2.1. Definition of concept and terms

Urbanization:

Urbanization plays a significant role to progress and develophdingan civilization because it
radically changes the basic foundation of the ingredients of social, economic, pdaitdalultural
structures of society and the country as well (UN, 2011). Sustainable development can be acquired
with the implementatiorof successful urban planning but a city or town even a country can be
gradually unsuitable foa living if, the urbaniation process is unplanned and haphazard. The United
Nations announced in 2007 that people have passed a long transition period afatidramihere

50% of the world population has been living at the first time in cities from rural areas and it issgredict
that only 66% of the world population will be urbanized in 2050 (UN, 2011).

In context to developing countries, most the urban gwwth is unplanned, leading to rapid
densification, andthe associated construction of buildings resulting ardramatic increase in
impermeable areas due to paving and fupltareas.The demand for housing and commercial
amenities naturally fows as a esult of population growthAnd the urbanizatioprocessadds roads,
rooftops, parking lots, sidewalks, and other imperviousness to the landscape. The increase in
impermeable areas caused by urbanization has a number of important impacthyurdlugicd
response from a catchment related to:

l.Increasing impervious surfaces and compaction oflsads toa redudion in infiltration
capacity of catchmest

2.Reduced surface (depression) storage capacity because impervious urban suriacels are
0smeagtbh t han natural surfaces.

3.Decreased evapotranspiration due to the loss in the natural retention capacity of soil, reduced
vegetation wettingand interception by plants.

A combination of these factors results in a loss of natural attenuzjmacity ad runoff from urban
catchments is characterized by increaseanroff velocity (often measured as time of concentration),
runoff volumes (i.e. the proportion of precipitation that becomes rurdi$harge ratesand flood
peaks and developent of floaled waters sink at certain aréBsjracharya et al, 2015).

Stormwater runoff:

Stormwater runofbr overland flow is thgortion of precipitation reaching the ground that does not
infiltrate into solls, is not taken up arevapotranspiratiooy plants, nor is it dissolved into the
atmosphere. It is an especially important component of the hydrological cycle in urban areas since it
can cause both pollution and flooding risks to nearby waterways and their adjacent communities.
Higher frequencie of more severe storms are likely to further increase the pollution and flooding risks
posed by stormwater runoff, especially in urban argd&3CRP, 2009

Runoff can be directly correlated with specific land use. Runoff associated with a forested landscape
will typically be less than runoff from an urbanized landscape. Stormwater volume and runoff rates
are directly related to thenpervious surface area in a watershed. Land development and urbanization
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typically increaseampervious surface An increase in peak runoff voles generally results in the
alteration of stream channels, natural drainaggs, and riparian habitats (Golet al 2007).

The processes of wurbanization exert multiple |

in impervious surface resuitn i ncreased hydraulic e ciency i
Johnson and Sayre 1973), and can causstawniinlly decrased capacity for a given landscape or
region to inywitthte oorcomitamti oinncrease in t|

Hsu et al. 2000, Hey 20013horter times of concentration or lag times (Sauer et al. 1983, Rhoads
1995)anddecreae d r echarge of water tables with a cor
Smakhtin 2001).

Waterlogging:
Urban waterl ogging, a representative type of

rainstorm or ashortterm period of heavy raisurpasses the capacity of the urban drainage system,
which results in a waterlogging disaster. Due to global climate change and rapid urbanization, urban
waterlogging has become a serious problem in urban areas worldwidehaghresulted in socio
envimnment al problems such as pr opertagd ecoaomia g e ,
losses Zhang et al2018).

An impervious surface is considered ondhlemain factors affecting urban waterlogging. Previous
studiesfound that spatial pattern ggp o si ti on and conygurati on) of
urban waterlogging. However, their relative importance remains unknown, and thefseati®f the

spatial pattern on urban waterlogging has been ignored.

Many factasarei n p u e n c i n gogging buaas tepodraghahd subsidence, irrational land
use planningand additional features. Among these factors, the increase in impervious surface area,
extreme rainstormsand poor drainage infrastructure were uniglysacknowledged as the three
primary driving forces of urban waterlogging@h@ang et al,2018) A few studies explored the
relationship between the impervious surface area and the spatial pattern of urban waterlogging risk
spots in urban regions. Previossidies found that the comptien of the impervious surface (the

i mpervious surface area) reduced the total i n
the surface runoff and peak discharge, which ultimately raised the associateduriskloi N p o o d i
In addition, gveral studies showed thatthep at i a | conyguration of the

surface runoff and t dsevell pHoweeen mosapreviaus studies primaridyd r
highlighted the importance of the lomat of the impervious surfade.g., upstream, midstreamr
downstream) in an urban watershed or catchment
the impervious surface. This may not bethesufyc
urban context{hang et B2018).

Sustainable urban storm management:

As a part of the land development process urban stormwater is managed by the construction of
engineered stormwater facilities, such as storm sewers and detention basins. Thegeticonst
processes are specdity designed to modify the natutaydrologyof a site(Theis & Tomkin,2015)

There are three basic strategies for stormwater managieme
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1 Using echniques that encourage tinfiltration of stormwater into soils to decredise runoff
volume before it reachdbe sewer system (selective grading and @#aah of vegetation to
reducetherate of flow from the site).

1 Using techniques thaencourage the temporary storage ofrretwater onrsite insteadof
transportinghe runoff stormwateoff-site for centralized detention

1 Usingtechniqueghatalso allow some degree of longerm retention and treatment of the
stormwater by natural process before it is discharged, suchlas ¢onstruction of artificial
wetland(Theis & Tomking 2015).

Vegetated curb extensiorBi/or et eent i onds/

Stormwater curb extensions are landscape areas that extend into the street and capture stormwate
runoff. Conventional curb extensions (butiuts, chokers, chicanes) are commonly used to increase
pedestrian safety and help calm traffic. A stormwater cutbnsionhas the benefit of allowing
stormwater to flow into the landscape space to manage the runoff vahongsoshares the same
attributesof the conventional curb extension. Thasdscapée space can be plannednsideringthe

physical characterigts of vegetated swales, planters, or rain gardens depending on the available space
and specific site conditis (Fabry et al, 2010).

Stormwater curb extensions are particularly beneficial in retrofit situations because they can often be
added taexisting streets with minimal disturbandde small footprint of stormwater curb extensions
allows for an efficient strmwater management system that often performs very well for a relatively
low implementation cosStormwater curb extensions candygpied in differentland uses from low

density residential streets to highly urbanized commercial streetscapes. Fof gigen street
applications, curb extensions should have check dams installed for street slopes over 2%. For streets
slopes over 5%rT heinterior of the curb extensions should be terraced with check danpeendned

as a series of planterStormwater cub extensions can be planted with a variety of trees, shrubs,
grassesand groundcovers depending on site context and condifiatsy( ¢ al, 2010).

2.2. Urbanization and waterlogging as a global phenomenon

It is considered thaa waterlayging situationis an environmental hazard as well as a global issue
(Bastawesy and Ali, 2012Becausef its challengingsituationparticularly in the dw-lying areas.
Sometimes waterlogged is found to create due to geological as well as structural control,
morphologicalfactors (Merot et al., 1995; Holden et al., 2QG8)d sometimes it is due to hurman
caused activities like haphazard construction ofiwagys, buildings, buidtip areas, essentially in the
urban areas (Li, 2012). Waterlogging may be permanent and sometiaybe seasonal basedtbe

time scale. Waterlogged areas are found in thelyavg areas with insignificant slope variation since
water remains stagnait there The obstructions of the drains create as well as increase the problem
of waterlogging (Hasain and Irfan, 2012).

Generally, when an area has low relief variation surrounded by highlands then their accumulated water
of rains an/ or intruded water from riverganals seascreatea waterlogged environment. In this
context surface soil (Hossaamd Uddin, 2011; Maryam and Nasreen, 2012) is also important as it
holds water and where surface water cannot penetrate thdamedrom the ground level then there
waterlogging is foundGroundwater level very near to the ground surface is also dhieorfor
generating waterlogging over the land surface in an area. In the lower areas of the city, where relief
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variation is feeble there due to complex factors of the nduumean relationshigiaterlogged areas are
found to be initiated in the lowlevatel, low sloped areas with haphazard distributions of ridges.

For the proper land use management, it is necessary to measure and prepare maps on waterlogge
areas. But it is a difficultaskdue b the physical complexityof the delineation of the waterlogde
areas to the researchers, planjgnsl government authorities as wé&bhu, & Bengal, 2018).

2.3. Cause and effect of waterlogging in imanizedareas.

Along with the rapid development of the city, its flood discharge and storage facilities areralbo bli
constructed, lacking excellent planning and laydiie green space and surrounding roads of most
communities are rarely designed to meet the needdoad prevention and drainagélso, the
proportion of public green space and flood storage faslitire generally small and unevenly
distributed The position of green space l@ver than roads, resulting in poor drainage and water
storage. Whenthedlod comes, it canodot be discharged in
these are caused bytnenough considerations in planning and desidgre Major idea of urban
planning and construction is reflected in the alteration of a large humber ofgi@ensurfaces into
roads and buildingbased impermeable underlayrfaces But the urban rainwatescheme should
follow the strategicidea of rapid discharge into rivers, making the speed increased and the runoff
greatly increased in the same intensityainfall (Wang, 2018).

In generalwaterlogging is caused by a combination of manmade and natoradstaPoor external
drainage (runoff) and poor infrastructure developments can cause a major waterlogging and storm
runoff problem in the urbanized areand the existing factors that affect and considered during
waterlogging problem are, excess rainfdl the site), poor internal drainage (water movement in the
soil profile), the inability of the soil to store much watswil typology andts hydrological character
groundwater table depth of the ardegtopographical character of the sitainfall events considering

dry and wet years and landforms considering the slop of thé@o&a& McFarlane 1990).

The rapid expansion ofthecityhasbught about #Acemento and fAhard
in the urban pervious area and poor infilbatof rainwater ortheground. Which leads to stormwater

runoff and waterlogging problems that affect the drainage and sewage managemenityf thieec

road and transportation managemanivashing away the soil (erosion and scouring), by making the
road body | ess resi st ant -bdaring dapacity, ydepositirey sojls (sitiegg k e n
which may block the passage of watehpmwashing awaghefull sections of the road or its structures

and also due to the stagnation of water it cause spreading disease with water crisis.
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2.4. Mitigation strategiesfor waterlogging.

Surface runoff and water stagnatioeretraditionally considered undesired water and was needed to

be diverted as compldyeand as fast as possible from urlaa@as. Management of stormwater quantity

for flood and waterlogging prevention was the prime concern, especially in the developoms.nati
However, subsequent paradigms on stormwater management diversified to include quality, ecosystem
health, reuse (re amage), integration with urban design along quanfitye energence of novel
stormwater and waterlogging management approaches desagyn@dimize impervious cover and
maximize infiltration of rainfalis known as Lowmpact Developments3uo, 2017).

Sone of the principlebased ortauses of waterlogging in the light of recent experiences and lessons
for sustainable city development are following:

1 Creatingaproper drainage system so that the water can shift away.easily

1 There should beantinuity of wate flow among the rivers.

1 A solid waste managemesystemshould be directed properly so that water can flow easily at
its natural speed

1 Creating a proper way to manatipe proper ruroff of rainwater which creates waterlogging
on the road

1 Initiate preparation of a comprehensiaetion plan for the sustainable recovery of the affected
infrastructure KIASAN et al, 2000).

In detail the sustainabletrategies to deal witlthe increasing challenge of city waterlogging and
stormwaters can be managed wiphanning for more greemfrastructure,using low impact
development strategiesinimize impervious surfacesncourage curb extensions and riparian buffers
along roads and watgays,encourage tree plantingspecially in urban settingsomote landscaping

with native vegetation to further reduce runoff and to increase infiltration rate to avoid waterlogging
and on general governmental consideratamordinate planning of infrasicture, housingand
transportation under the new climate chareggme(Guo,2017).

2.5. Identifying Spatial and Hydrological Facts.

During the last decades, information technologies have been developed intensely aihhgeea
modern approacko problemsolving. Among them, GIS has drawn increasing attention. GIS is a
systemdesigned to capture, store, manipulate, analyze, maaadajltimately present all types of
geographical spatial datghatami & Khazaei, 2014)in the simplest terms, GIS is the merging of
cartography, statistical analysis, and database technology (Badtd.ynch, 2009). Due to its
influential skill of spatiddata analysis, GIS has different applications and hence is of high interest in
various fields of study. The need for a systematic approach for modeling, anafymithgr present
huge amounts of dathat spatially and temporally distributed could be wesed by GIS. Water
resourcesengineering as a multidisciplinary field requires modeling and examining spatially
distributed data with different spatial resolutions. Therefore, GIS is indeed desttalofor solving
water resourcegroblems Khatami & Khazaei, 2014).

Hydrology is oneof the growing fields that recentigcludeGIS, GISbased mode]sand RS tesolve
different issues within the field. The major reason for such incorporatiorkedto the fact thathe
hydrological cycle and its related procedures are dynamic systdose elements are varying
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temporallyandspatially. Thiscreatesaspatial dependendhatcould be easily covered by GIS which
provides various spatial data as aruinfor different variables needed for hydrological models (Foote
and Lynch, 2009). Inveing adifferent kind of spatial dateould become very helpful as there would
be no requirement tmake many simplifying assumptionSenerally,the application of Gl&llows
coveringa greater extent of reality. Further, it could enhance the prospacdDfmethodapproach

for distributed modelsFor instance, the water movement could be monitored in several spatial
locations and different directions. Such applicatiaould be employed for a flood management or
control system.

Topographic Data
DEM
WaterShed and Catchment
Characterization
| |
Stream Network Basin and Watershed BluSpot Model
Delineation
Rainfall Hydrological
Data Characterization
Intensity Duration
Curve
| |
Peak Runoff Rate Peak Runoff
Volume

Figure3:The overall work layout using Spatial and hydrological data

2.5.1. Identifying Waterlogging Areas

Waterlogging area idenigfd using the blue spot model, which is a development of screeningdnetho

to assess flood risk on the surface of the catchment areas. These methods have the possibility of
identifying flood sensitive areas on the road network. These flood sensitive efexaasrblue spots.

They express as areas where flooding is expecteakéoplace in case of extreme rainfall. The blue
spots can be identified and delineated based on previous experience, but new spots will appear on the
road network when precipitationdreases. Steps taken to analyze the blue spot areas:
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1 Screening using teain analysisll the depressions are identified. Assuming a surface runoff
of 100% in the catchmemeans withno infiltration of rainwater into the soil (Zerger 2002).
Low-lying areas where there &sdanger of flooding due tiherising of groundwater tablare
identified. Ditches are included so that no flooding behind ttelnek occurs unless water
levels exceed their height

1 Rain sensitivityanalysis took plac®r individual cepressions: Flow paths and catchment areas
for each blue spot are <calcul ated, ( Maksi
contributing areas. "Risk map" with the amount of precipitation needed to filyiog areas.
Assuming no thinage from de@ssions. Rain sensitivity analysis with impermeability of the
catchment area of 20, 40, 50, 60, 80 & 100%.

1 The tydrodynamic model of surface reservoirs and depresgiomdades a timevariable
flooding prediction(Nielsen et al, 2011).

2.5.2. IdentifyingPeak RunoffRate and peak runoff volume

Calculation of peak stormwater runoff rate from a drainage area is often done with the Rational Method
equation Q=CiA Calculations with the Rational Method equation oftequire thedetermination b

the design raifall intensity and the time of concentration of the watergBeshgtson, 2011).

The Rational method is suitable for estimating peak dischaaesderingsmall drainage areas of
take up to 200 acres (80 hectares) with significant flood storage. The ninetd provides a peak
discharge value but does not provide a time series of flow nor flow vqBemgtson, 2011).

Assumptions and Limitations

To use of the rational methaas a hydrological analysis technighe followingassumptions and
limitationshave b be considered

1 The methods usedf time Of concentratiorior the drainage area is less than the duration of peak
rainfall intensity.

1 The calculated runoff is directly proportional to the rainfall intensity.
1 If the rainfall intensity is uniform throughat the stornduration

1 If the frequency for the peak dischamecurrenceas the same as the frequency of the rainfall
taken place ahat event.

1 If rainfall is distributed uniformly over the drainage area.

1 The rational m#hod does notonsider watestoragge mechanismn the drainage area. Available
storage is assumed to be filledark & Marek, 2011).

The Rational Method equation actually used to calculate peak stormwater runoff rate is: Q = CiA (U.S.
units), or Q = 0.0028 CiA (S.I. units) where:

A = The area of the watershed (drainage area) that drains to the point for which the
peak runoff rate is regled (acres for U.S. units) (ha for S.I. units)
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C =Runoff coefficient for drainage area A. A physical interpretation is the faction of
rainfall landing onthe drainage area that becomes stormwater runoff. (dimensionless
for both U.S. and S.1. units)

i = The intensity of the design storm for peak runoftakdtion (in/hr for U.S. units)
(mm/hr for S.I. units)

Q =The peak stormwater runoff rate from thraidage area, A, due to the design storm
of intensity, i. (cfs for U.S. units) ( m3 /s for S.I. units).

Rational Method Runoff Coefficients

Since the phgical understanding of the runoff coefficient is the portion of the rainfall on the watershed
that beomes surface runoff, its value must be between one and zero. The value of the runoff coefficient
for a given drainage area depends primarily on threerfadhe soil type, the land use, and the slope

of the watershe(Bengtson, 2011).

FLAT ROLLING HILLY

Pavement & Roofs 0.90 0.90 0.90
Earth Shoulders 0.50 0.50 0.50
Drives & Walks 0.75 0.80 0.85
Gravel Pavement 0.85 0.85 0.85
City Business Areas 0.80 0.85 0.85
Apartment Dwelling Areas 0.50 0.60 0.70
Light Residential: 1 to 3 units/acre 0.35 0.40 0.45
Normal Residential: 3 to 6 units/acre 0.50 0.55 0.60
Dense Residential: 6 to 15 units/acre 0.70 0.75 0.80
Lawns 0.17 0.22 0.35
Grass Shoulders 0.25 0.25 0.25
Side Slopes, Earth 0.60 0.60 0.60
Side Slopes, Turf 0.30 0.30 0.30
Median Areas, Turf 0.25 0.30 0.30
Cultivated Land, Clay & Loam 0.50 0.55 0.60
Cultivated Land, Sand & Gravel 0.25 0.30 0.35
Industrial Areas, Light 0.50 0.70 0.80
Industrial Areas, Heavy 0.60 0.80 0.90
Parks & Cemeteries 0.10 0.15 0.25
Playgrounds 0.20 0.25 0.30
Woodland & Forests 0.10 0.15 0.20
Meadows & Pasture Land 0.25 0.30 0.35
Unimproved Areas 0.10 0.20 0.30
Impervious surfaces in bold

Rolling = ground slope between 2 percent to 10 percent
Hilly = ground slope greater than 10 percent

Figure 4: Runoff coefficients for different surfaceaterials $ource:Runoff coefficient fact
sheet2011).
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Rainfall Intensity

The rainfall intensity (1) is the average rainfall rate in in./hr. for a specific rainfall duration and a
selected frequency. The duration isased to be equal to the time of concentration. These data can

be found from the regionattensity-DurationFrequency (IDF)curves
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Figure 5: Intensityuration frequency curve AddisbabaBole Observatory
(SourceNatioral Metrological Authority of Ethiopi2002).

2.6. Resolving mechanisms oivaterlogging and stormwater runoff using curb extension and

bio drainage facilities.

Vegetated curb extensions, also called stormwater curb extensietanadscaped areas that capture
stormwater runoff in a depressed planting bed. [Rhdscaped area can be designed similar to a rain
garden or vegetated swale, utilizing infiltratjoretention,and evapotranspiration for stormwater
managemenfVanaskie eal, 2010).

Infiltration technique on roadside curb extension /Bulb outs/

Infiltration is the process of entry of water into the soil by the vertical and descending surface layer or
the passage of water from the surface into the soil. Water undergoitg gnavdescends through soil
profiles, then it precedes water storage asigntion in soils. According to Angelotti Netto and
Fernandes infiltration can be consideasthe propery of soil thatreflecsits physical conditions and
structural stabilityThe process of water inflowirtg the soils is important to recharge tlipiders, to
maintain the base flow of rivers, the permanence of water in the river dadigreater availabilitgf

water for the development and maintenance of the vegetatien. ¢drcolation is the process where
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water circulates in the soil, not fowing, as a rule, a downward flow. Once infiltered, the water begins

to percolate in the aeration zone, reaching the saturation zone. When the water contribution finishes at
the suface, the infiltration stops, the moisture inside the soil is redistrilgdied) fromthe surfacen

the soil with lower water content, to the deeper layers.Hbwe of water into dry soils is highest at

the beginning of the rainy season when precipitatates are higher than infiltration, then undergoes

an exponential decrsa until it reaches a constant input of water into the soil (basic infiltration).

The infiltration rate is described as the amount of water flowing through a unit area of thefac#

by a unit of time. Many of the problems related to erosion, magsmment, sedimentatipand water

amount are affected by infiltration rates because the greater is the soil capacity to absorb rainwater,
thesmaller the runoff and, therefore, theler the erosivity of this phenomenon.

The process dffiltration can be affected by some factors such as those related to:

1 The type of soil which can be mentioned: texture, structure, porosity, organic matter content,
clay type, retention capacijtgndhydraulic conductivity

1 Natural factors such as precadion, humidity, changes in seasons and temperatures, and

1 Surface factors that modify the wateir interface and causes changes in the water.

Table 1:Infiltration rate of soils (sourcévlishra & Sinch,2013).

Type Description Typical Infiltration

Rate (in/hr) "’
A Sands, gravels =1.0
B Sandy loams with moderately fine to moderately coarse textures 0.51.0
c Silty-loams or soils with moderately fine to fine texture 0.17-0.27
D Ciays 0.02-0.10

Groundwater conditions at the project sibeist be evaluatetefore selecting, siting, sizing, and
designing infiltration measures. Infiltration may be precluded if less than1(Bféétm)of separation

is maintained between the lowest fldwe or invert elevation of an infiltration structuradathe
seasonal high groundwater. In all cases, at least fivgXeé®im) of separation must be maintained
between the flow line or invert of an infiltration structure and the seasonal high groundwate
mounded groundwater levgBloorchian et al,2016)

Retention technigue on roadside curb extension /Bulb duésto void ratio

The soilwater retentioriunction determines the relation between the volume of water retained by the
soil, expressed by, and the governing soil matric, or suction forces (Dane and Hopmans, 2002). These
suction forces are typically expressed by the soil water matric head (strictly negative) or soil suction
(strictly positive). These suction forces increase as the sibe ofaterfilled pores decreases, as may
occur by drainageyater uptakdy plant roots, or soil evaporation. Also known as the soil water
release or soil wataharacteristic functiorthis soil hydraulic proprty describes the increasedénd
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the size of the watdfilled pores with an increase matric potetial as occurs bynfiltration. Since

the matric forces are controlled by poseze distribution, specific surface area, and type of
physicochemical interactions at tbelid-liquid interfacesthe soil water retention curve is very soil
specific and highly nonlinear. It provides an estimate of the soil's capacity to hold water after irrigation
and free drainag@ield capacity), minimum soivater content available to the plant (wilting point),
androot zonewater availabity for plants( Vereecken et al,2008).

Void ratio is defined as the void volume to tridume of the soligkxisting in the soil. It expresses
by the terme. Here, the ternvs is soil solids volume andy is voidsvolume.

e=—"L
V.

Void ratio is clogly relatedo porosity. Porosityn is defined ashe percent of void volume to the

total volume.
H

e= .
(1-n)

The significance on the properties of void ratio.

1 The parameter of soil volumetric change is found using void ratio value. Uniform and
continuous samplesereused to determine the void ratio.

1 The void ratio value differs accordingly with its composition and density. The value is higher
in the loose soilike sand and it comparatively lower in dense skk®iclay.

1 The value for dense sandy gravel sandasiiad 0.3 and that of loose sand is around 0.6. In
the case of the clayey soill, it can differ from 0.5 to 1.0 and the value of void ratio decreases
with soil layer depth.

1 Void ratio is the main factor that affecoil permeability. And permeability incresswhen
there isahigher void ratio value.

Evapotranspiration technigue on roadside curb extension /Bulb outs/

Evaporation and transpiration occur at the same time and there is no easycleaifyaig between

the two processes. Apart from the water iladity in the topsoil, the evaporatiois mainly
determined by the fraction of the solar radiation reachiagdil surface. This fraction decreases over

the growingof vegetation tdhe ground areafter the growth of the plantation (green elemerihia

curb extension)ranspiration becomes the main process. In the partitioning of evapotranspiration into
evapration and transpiration is plotted in correspondence to leaf area per unit surface of soil below it.
At sowing nearly 100% of ET comes froavaporation, while at full crop cover more than 90% of ET
comes from transpiratiofbtew & Melesse 2012).
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https://www.sciencedirect.com/topics/earth-and-planetary-sciences/matric-potential
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/infiltration
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/liquid-solid-interface
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/rhizosphere

The evapotranspiration rate is normally expressednilfimeters (mm) per unit time. The rate
expresses the amount of water lost frogreensurfae in units of water depth. The time unit can be
an hour, day, decade, montin even an entire growing ped®r year.

2.7. Classification andDesign Elementsof curb extension
Vegetated Curb Extensions (ABump
Out s planted areas that are extenc ‘
into the parking zone of the street. They ¢ ‘
designed with an opening in the curb th || |
catches stormwatersait flows down the | Ay s I —

. . / ) \
curb.. The water is th_en tr_apped in a.Io —\v 4 7 = =
planting area and is disbursed eith
through plant evapotranspiration ¢ L\r,ndofb.ock Mic-plock reess
infiltration (Wise, 2008).

/ /

PROPERTY LINE

Stops at parkway Extending into

parkway |

Figure6: VegetateaturbextensiorBumpouts(Source:
Wise, 2008).

Leaching (catch) basingollect roadway runoff and provide the opportunity feorswwater to
infiltrate insteadbf an outlet to a storm sewer pipe. There are several types of leaching basins, including
basins that contain a porous bottom consisting of loose aggregatéypknisf basin allows water to
infiltrate into the ground undeeath the basin. Another type of basin contains both a leaching bottom
and orifice holes punched along the vertical walls of the catch basin to provide additional infiltration
capacity
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Linear bioretention:is located between
the curb/gutter or shoulder of the road a
sidewalk (or street righaf-way). They ‘
can be designed with a cucht opening |
that allowsstormwater to enter the linez| L

. . o o E— I O o B s
bio-retentions from the gutters or with ' ' S 7 o =/
grass filter strip with roads without curbs | [ |

The stormwater runoff is then captured — -& — i — — )

a depressed planting area and then eit ! 1“"”"“‘“"” } !
infiltrates into the soil or flows through al | prece[sus | | I | | X
underdren to the storm drain network DN AL At extended curb t \‘*::
(Wise 20089.  a— | 1

Figure 8: Linear bieetention(SourceWise, 2008).

A stormwater planter box: i@ vegetated green
infrastructure practice relying on specified so || | At downspouls |
and ve@tation to treat and absorb stormwal | '

PROPERTY LINE |
|

that drains to it. It is different from othe
vegetaed practices as it typically has concre | l { 1 1 | :
vertical sidewalls allowing it to be incorporate e e —]

into congested street corridors or attached to A\a..,,
perimeter of a buildig. Planter boxes are ofte | | |
characterized either as flethrough planter STEPOU”ONEW At exended
boxes or infiltrathg planter boxes. Infiltrating . y L .
IRERN >( \

REREEN

_pla_mter_ box.es have an ope_n bottgm to aII(=: = =4
infiltration into the underlying soils. Flow —— 5} ’

through planter boxes are completely lined a seteon sidewal
have an underdrain system to convey flow t — and step-out

is not taken up by plants to drainage af¥dise,

2008).

Figure 9: A stormwater planter b¢RourceWise, 2008).
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2.7.1. DesigrElementsof Curb extension
Elements that are needed to be applied and considered when designing curb extension.

Curb Radii Consultation with th@edestriarprojectsunit anddistrict traffic operationsor the areais
required if a curb radius greater than 7.0m

Curb Taper RatioThe minimum and preferred curb taper ratio is 3:2. A maximum curb taper ratio of
1:1 may be ugkto maximize available parking, minimizerkiag restrictionsor if there are
site-specific restrictions.

Curb Taper RadiiThemaximum and preferred curb taper radii is 3.0m. A minimum curb taper radius
of 2.0m may be used to eliminate taper radii overlap where required.

Height The favored hight of the curb for a curb extension is 150n¥Fhe smallest curb height of
100mm may b used where adequate drainage cannot be achieved using a 150mm curb.

Cross SlopeCurb Extensions should always slope towards the road. The preferred and minimum cross
slope is 2.0%. The maximum cross slope is 4.0%. An absolute minimum cross slop of 1.0
may be considered where preferred grades cannot be met due to site conditions. Where the
cross slope is less than 2.0%, the profile must be a minimum of 2.0% ue exdequate
drainag (Saneinejad & Lo, 2015).

Detailedlayer of curb extension

Inlet of the curbit sizedand design teaptureflow, preventlogging and sediment accumulatiamd
it guard against excessive inlet velocities

Pretreatment aredt captues large sediment (sometimes trash and deprisyent erosionlevelthe
barrier wal| havefilter stripsto avoid derbieggrass channelsumps,hydrodynamic devicescreens
and baskets

Primary Storage Ared_evel soil surfaceandencourage even fittration and reduce erosidii et al,
2019).

Vegetationson the curb:Have the ability ofwater uptake stabilization,impeding Flow filtration,
infiltration, nutrientuptake toxin uptakeandpollutantbreakdown(ITRC,2001).
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Table 2: Transpiraibn rate of variousplants (Interstate technical and environmental regulatory
Council ITRG2001).

Plant Name Plant Type Transpiration Rate

e et R Smee
Alfalfa ' Agriculture crop 0.41 in/day
Common reed Wetland species 0.44 in/day

' Great bulrush Wetland species 0.86 inday

' Sedge ' Wetland/prairie species 1.9 inday
Prairie cordgrass | Prairie species 0.48 in/day
Cottonwood ' Tree (2 year old) 2375 gpdiires
Hybrid poplar ' Tree (5 year old) ' 2040 gpditree
Cottonwood Tree (mature) 50-350 gpd/iree
Weeping Willow Tree (mature) . 200-800 gpditree

Soil: A special or engineered soil specified by the particular pradticaye to bechosen for specific
porosityandinfiltration of stormwatemay havespecial characteristics to treat or absorb nutrients and
other pollutantglient

Soil characteristics:
Porosity: void space of soil.
Infiltration: movement of water through the soil.

Field capacity: the proportion of ibspace that stays wet due to soceféension after the water drains
by gravity.

Witting point: a point at which plants can no longer withdraw water fast enough to keep up with
transpiration.
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Outletand Overflow:

Water needs a way to get paffected by thedcation and elevatiorrhe rmulch and topsoil should
stay inthe curb element

Supported Side€ompact materials und#dresidewalk and roadsise Ight fluffy soil in Bioretention

Slopedterrain found within each cell soil, and aggregate are levehaximizes storagepromotes
infiltration. Between cell®f the sloped terrain, geparatinghewall, it promotes werflow from one
cell cascades tihe next one downstream, can be constructealasmtinuous swalelhe gstem used
for conveyance, not just storageduced storage volunand it ncreasedhe likelihood of surface
flooding downstrean(Givoni,1998).

Aggregate StorageCanbe used to increase storage volumgengraded aggregatéoadbearing,
crushed concrete, increase pH for years, impedes vegetation ghogthgatevater storage reservoir
has 30 to 40% void space and hdevel bottom surface to pmwteeven infiltration (Lin,1971).

Table 3: Aggregatporosity(sourcelin,1971).

Coefficient of Range of void
Soil type uniformity, ratio,

Cu € min~ € max
. . <2 0.55+0.80
f;gz andsilty 5.4y 0.50+0.85
] >4 0.40+0.85
. <2 0.55+0.80
ﬁif:g?airc‘ld (2:4) 0.50+0.80
T >4 0.40+0.80
Gravel and <2 0.55+0.70
sand-gravel (2:4) 0.50+0.70
mix >4 0.40+0.70

2.72. Performance of curb extension

The hydrauligperformance of curb inlets

The urban drainage systemasbuilt to efficiently convey the runothat happens due to precipitation
out of the urban area to preventerflow and local flooding, which cacause property damage and
affect traffic and human safety. Curb inlets effectively seize surface runofthetonderground
drainagesystemor bio-retention facilities. As an important and typical practice, roiaeretention
facilities, which combinemgen/gray infrastructures to facilitate road runoff control through infiltration
and storage, remove certain aaminants and sediments, and decrease roadsflood inundation
risk, are widely used all over the wolldli et al, 2019).
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There are thretypes of curb inlets commonrdyppliedalong urban streets. The undepressed curb inlet

has one cross slope for the road, gutter, and curb inlet. The continuously depressed curb inlet is placec
in the gutter of a street with a steeper cross slope thandtecross slope. The locally depresseib

inlet has adjacent depressions in the gutter before and/or after the inlet for effective flow interception
(Li et al, 2019).

Measuring waterlogging intensity

When measuring waterlogging intensity, we need takhow close to the soil surface theseghed
water levels increase, and how lahgtays close to the surface. We also need to know at what time of
the yeai(seasonal factogoils waterlog relative to the recharge rate and infiltrationtnatenay ocair

due to plantation and permeabiliti/tbe surface.

Measuing waterlogging intensity by summing the daily values (in centimeters) of groundwater levels
within 30 cm of the soil surface. Therefore, three days with the water level 20 cm from the dixface (
cm above the 30 cm threshold) hasaterlogging intensity of 30 cm. days (3 days x 10 cm). This is
correspondent to one day with the water level at the soil surfagay(kX 30 cm). This method of
measuring waterlogging intensity is called the SEW”ein@sum of excess water above 30 cm).
Surfacedwater levels in the soil vary rapidly in response to rainfall. Once soil profiles amnaét
reaches its maximum capacity to infiltrate the waserall amounts of rain cause the levels to rise
markedly Cox & McFarlane,1990).

2.8. Parameter for the selection of site and application requirement of curb extension.

To delineate a problem to the point of the site vatkvaterlogging problem and to sustain the
application of a sustainable stormwater managerfvegetated curb extension) there soene steps
and guidelines that need to be followed:

Parameter for selection of the site:
1 Areas that are categorized as low lands in Addis Ababa Based on slop analysis

1 Areas that have higher groundwater table (fouittiiv2 m and less frorthe surface) based
on water shade analysis.

1 Developed areas that hathe nearest groundwater table witch experience high flooding and
waterlogging risk.

1 An aea that has large watedging intensity through the year analyzing tinawal rainfall
(recharge rate).

1 Area(street) with low imperviousness, infiltration raed high stormwater runoff, considering
the soil and pavement character.

1 Street with damaged infrastructure (drainage and road system) due to high stormwater runoff
and theexistence o water pool on the surface
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Parameter for application of the cuektension:
1 Avoid conflict with existing underground utilities.
1 If overhead utility lines are present, use smaller trees or shrubs.
1  Work within City setback requireemts.
1 Use native plants when possible.
1 Do not impede necessary pedestrian movement.
1 Incorporate existing drainage structures into the design as overflow inlets.
1 The width of the curb extension must consider minimum lane requirements.
1 Inlocations when anverflow can be directed or connected to an appropriate outlet

2.9. Thepractice of stormwater management in AddisAbaba.

Addis Ababa is located in the upper part of the Awash River basin and in the Akaki catchment. The
Akaki catchment is divided into mwsubcatchments: Little Akaki and Big Akaki riveub catchments
Kebena Little Akaki, Big Akaki, Bantiyketu, Bulbula, Kechene, Jemo, Tafo, Hanqu are the major
rivers that flow through the city. Addis Ababa has only few formal drainage systems indhikd.

storm water runs off on the surface by gravity to-lging areas ad into streams and rivers. The main
formal provider of urban drainage infrastructure in the city is the Addis Ababa City Roads Authority
(AACRA). Urban drainage is a requirement lretdesign and construction of roads. Hence roadside
ditches or undergrowihconcrete pipes are installed along main roads. However, the design of roadside
drains does not consider the respective hydrologic catchment of each drain. The increasing surface
seding resulting from urban development is generating more surface roemifting in flash flood in

the different part of the city and river flooding in the downstream parts of the river catchment.51%
mud and wood houses, 34% of villa and sirgteyhouses and 15% of condominium houses of Addis
Ababa are located in flood pre areas (Jalayer et al. 2014).Current efforts to mitigate flooding include
flood control structure, physical soil conservation measures and reforestation on Entoto Mountain and
the povision of drainage ditches and embankment along rivers or streams Wdittent built up area

of approximately 290 kfythe storm water volume is estimated to be in the range of 275 milfion m
per year. Removing this much amount of storm runoff istally difficult using conventional
drainage system. However, using thandscape for infiltration, harvesting, retention and
evapotranspiration, this storm water could be
supply.So by developing Aandscape based storm water management for storm water management
stratey helps to mitigate the impacts of increased runoff and storm water pollution by managing runoff
as close to its source as possible. It comprises a set of site design strategigsirtiiaé runoff by
disconnecting storm water generating surfaces frormalya lines and managing the storm water
through the processes of infiltration, evapotranspiration, harvesting, and deW@mwi2013).

2.9.1. ProposedSM measures city level
Afforestation of steep slopes

The Addis Ababa city master plan proposes the development of multifunctional forest on mountains.
Since the current agricultural land use of Jemo Mountain has aggravated stormwater runoff, one of
the proposed LSM strategy is ttiaestation of the mountaiin such a way that both conservation

forestry, agroforestry and plantation forestry could be practiced. Conservation forestry could be
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developed on steep slopes, agroforestry and plantation forestry on the mountain toprpbeation
of high value fuit trees are recommended in the agroforestry practice.

Stormwater interceptor swatlyke systems

Stormwater interceptor swales and dykes are stormwater conveyance channels constructed to control
the flow path of runoff for slpe protection. Earth dykgpgically consists of a horizontal ridge of soil

placed perpendicular to the slope and angled slightly to provide drainage along the contour. The dike
is used in conjunction with a swale to convey the diverted water. In the nediege cultivated crop

area of the Jemo Mountain, stormwater interceptor sagke system is recommended for collecting
runoff from slope and directing it to a stabilized outlet thereby preventing erosion on slopes.

water flows nto trenches

Amost no run-off

™ water sds n trenches
a7 and SIowly soans
5 Jeep ink sol

Figure 11:Stormwater Intercepton@ale and Dyke

BenchTerraces

In the high slope area of Jemo Mountain where agroforestry could be implemented, creating bench
terrace and cropping along contour is proposed. Physical barriers (stone bunds, live hedges) should be
created along the contoursretain rain wateand make it infiltrate into the soil and to minimize soil
erosion.

2.9.2. Blocklevel LSM intervention
Green space development

The block level LSM interventions use communal open spaces. There are a number of small open
spaces distrilted between block#lost of these spaces have been developed in to green spaces. It is
recommended to incorporate stormwater detention pond within or around the green spaces for
detaining stormwater
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Connect road bumps with infiltration tree pits

Most ofthe inner roads ithe new single family residential areas are made from cobblestone. Bumpers

to limit vehicular speed are constructed on some of the cobblestone roads. Road bumpers could be
combined with infiltration tree pit. The trench is dug on tlesiof the bumperilled with gravel, and

topped with soil and planted trees. Storm water runoff from the cobblestone surface flows through a
storm drain along the bumper into the storm water tree pit. Planted trees absorb some of the storm
water througltheir root system. e remaining storm water will be stored in the spaces of the gravel
and then slowly infiltrate through the bottom.

Dry pond

Stormwater conveyed through gutter placed along cobblestone roads could be disconcerted from
drainage channeha captured in drygnd established within community green spaces.

2.9.3. ProposeddSM measures for street
Vegetated Swale on right of way

Vegetated swales are shallow landscaped areas planted with grasses, shrubs and/or trees designed
capture, conveyand potentially ifiltrate stormwater runoff as it moves downstream. Vegetated swale

is proposed on road right of way for stormwater conveyance and infiltration. Curb cut is provided for
runoff to enter the swale from the impervious asphalt surface.

Figure 12:Vegetatedwell on road mediafSource Liu, 2013).
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Rain garden on roundabouts

Rain garden could be developed on roundabouts of PAS to receive runoff from the impervious road.
The existing curbs on round abouts can be used to direct runoftiemmad along a gutter to a low
point where it flows into the rain garden on the roundabout through curb cut.

Pervious pavers walkways

Pervious concrete paver blocks that provide void are recommended for walkways along the main street
and ring road androtaxi terminal.

Green gutter and Street Planter

A green gutter is a type of bioretention facility located between vehicular lanes and walkway.
Stormwater runoff enters the green gutter through a curb opening . Green gutter development and
street planterarerecommended between vehicular lanes and pedestrian walkway on primary arterial
streets and ring roads.

Previous Green Gutter Green Gutter Previous
Concrate and Street and Street  Concrete
Pavor Planter Vegetated Swell Planter Pavor

Figure 13:Greengutterand streeplanter(Source Liu, 2013).

2.9.4LSM measures for cobblestone roads
Connect road bumps with infiltration treimand tree pits

In order to control vehicle speed on cobblestone roads, bumps are constructed at irregular intervals on
cobblestone roads of residential areas. The bumpers are seen obstructing the flow of stormwat
thereby accumulating stormwater on todblestone roads. In order to remove the accumulated water,
road bumpers could be combined with infiltration trench and tree pit . Infiltration tree pits are
contained landscape areas designed to capture andstetanwater runoff.

Use more pervious ba for cobblestone roads

From the point of view of storm water management potential of cobblestone roads, the permeability
of subbase material and the void left between cobblestones are crucial. To maximizebégymea

the use of open graded base, whis a uniformly graded mixture of stone with the finer particles
removed, is recommended.
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Tree plantation along cobblestone roads

Spaces that area found on the sides of cobblestone roads could be used for tree plantation. Shad
providing and fruit treeare the possible options. Trees intercept rainfall before reaching the ground
thereby reducing the amount of runoff. In additioaes absorb the infiltrated water and release to the
atmosphere through evapotranspiration, contributing to the local eyater(Liu, 2013).

Ethiopian National Urban Green Infrastructure standard respect to stormwater management

T

T

=

= =4 -4 A

Storm water managementaiid be combined in an efficient way to minimize the-afinand
maximize the production of urban agriculture / horticulture

Storm water infiltration ditches, bio swales and rain gardens as storm water measures installed,
could be of mutual benefit for éhcompetent authority as well as for people engaged in urban
agriculture / horticulture.

The use of cisterns, ponds, cotlag facilities for rooftop rurroff

Orders the use of public parks for effective storm water management and restrict engineered
structures to bigger parks (swity and city parks)

For rain water infiltration, a minimum of 12 % of a private residerglat area should be
unsealed and covered with vegetation

A minimum of 30% of the total area of an administrative and commercial compound should be
open space and allocated for green space

A minimum of 15% of the total land area of a manufacturing siteldhbe allocated for green

space

Big factory buildingro f s may be transformed into O6gree
to reduce storm water runoff.

Competent authorities should provide systems to reduce storm water runoff from rooftops,
pavedareas, and lawns that carry plant debris, soil partiales$ dissolved chemicals into the
citydéds sewage drainage system.

Industrial site development plans should employ storm water management and engineering
practices before releasing water intothe&itsy st or m dr ai nage system.
Storm water shall not be reledsdirectly from industrial compound into the public storm
drainage system without first going through a natural, landscaped rain garden, grass bioswale
or other natural feature to clean dirty watefore it joins the natural waterway.

The management ofmdustries should make provisions to conserve water by utilizing
alternative means such as water recycling or rainwater harvest.

Competent authorities shall use natural and semi natural land farthe y 6s st or m
management system and enhance infiireand groundwater recharge on such sites.

Steep slopes of more than 30% should be exclusively allocated for trees and shrub planting
Disturbed areas shall be replanted with native plants ant gpacies

Terracing of steep slopes shall be considered to implement storm water management practices
Urban agriculture should incorporate storm water infiltration ditches, bio swales and rain
gardens as storm water measures.
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Chapter lll: Material and Methods

The study area includes the major waterlogging lands in Addis Ababa city which can be analyzed by
their hydrological and surface character to identify the major wet spot areas alovapth@atchment
area character, wet spot volumasconsiderd on the risk analysis of the process.

3.1. Study area and its Description

Addis Ababa, founded in 1987, is the capital and largest city of Ethiopia and is looatédihates of

9° 0' 19.4436'N and 38° 45' 48.9996". Hhe total area of the city is 8&km2. Altitude in the city

differs from 2100 m to a lit bit above 3000 m. The 2007 population census reports the population of
Addis Ababa as 2.7 million, but various sources, includeyprts of the UNHabitat, estimate the
population of the city is merthan 4 millionThe waterlogging areas in Addis Ababa city are majorly
based on the topographic character of the city along with the stream network. The northern boundary
of Addis Ababa has rugged topography characterized by steep slopes with lesst avhouater
accommodation spots. Towards the south, the morphology changes to quite gentle slopes which
contribute to the creation of wet spots along with the streamflow. Due to thesekakiak Sub city
experience major waterlogging problems with selecte® area to studied briefly.

Akaki 1 Kality is one of the ten sub cities of Addis Ababa and is the industrial zone of Addis Ababa as
well as the country. It is located in the southerpar t s of the city. It 1 s
(EmmanueDevelopment Association, 2015). Akaki Kality, located at the GPS coordinates of 8° 53

44.9916" N and 38° 47' 20.9832" E. And it is located 2,140 m above sea level (LatLong.net, 2012
2017).The topography of this sub city include both gentle and sloppy.
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Figure X: Location map of Ethiopia, Addis Ababa and Akaldiky Sub city.
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The city Addis Ababa is located at the center of the Akaki River catchment and this catchment
geographically bounded between 898514 N and 38°34°39°04"E with an areaf@bout 1500 km2
(Ferezer, 2012). The main water bodies found in the Addis Ababareitpkaki River and a four

water reservoir namely Legedadi, Geferssa, Dire, and-Ssimauel. Akaki River has two main
branches: The Great Akaki and Little Akaki. The hexbuth running river consists of two main Sub
Basin, Big Akaki river Sulbasin (Easrn catchments) and Little Akaki river Sbhasin (Western
catchments). The convergence of which was the-@drauel reservoir. (Tamru Alemayehu, 2001).
The study areas inWee places with high wet spot accommodation majorly found at low land areas of
the Akaki kality Sub city especially where is a risk of high stormwater runoff and Waterlogged areas.
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Figure 5: Addis Ababa catchments of the Little and Big Akaki Ri8eibbasins

(SourceMazhindy et al ,2012).

In theseSubbasinsin addition to natural factors, unbiaation also affects the infiltration of water

Due to increase in the urbanization, the city river basin there is an increase of low infiltration capacity
and to increasing the efficiency or speed of water transmission through channels. The increased
number ofimpervious surfacen urban parts of the river basin facilitates runoff and reduces infiltration

of rainwater, vichresult of interrupted stream addhinage flow with wet spot accommodatirea
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3.2. Research and Data types

The studyemployedan Analytical research techniquen sustainable stormwater management of
waterlogged areas in the study area. Hence, to maintain triangulation in its findirggesign was
conducted using qualitative and quantitative research approaches

3.3. Data source

The researcemployedooth primary and secondary data soakgkichit supported by GIS and QGIS
topographic and hydrology analysis data. Primary data were collected usingddstaibbservation
andverbal interviewthe dwellers.To manage the data calted from these sourcedstsupported by
generating maps usingl&which identify thelocation and extent of the site waterloggiprgblem.
The secondary data wa®llected from the respective officaghich have an input on the site
hydrological and physal schemeResearch reports, books, journals, artdrnet materialslso used
to attain and perform the overall concept

3.4. Method of selecting the site
Due to the high precipitation rate, majmoblems are occurring mainly the residential areaokal
roads due to poor development of the infrastmecaccording to the site charact®a, based on the

intensity of waterlogging and road damage the street will be selected to Breadeainage curb

extension.
Low land areasf Akaki Kality Resicential Local roadsear to
SouthermA.A city with sites with waterlogging waterlogging problem and
waterlogging probles problem on the streets. haddamaged infrastructure.

Figure B: Local road strafication Methodolgy

3.4.1. Area selean mechanism.

Using GIS and QGIS analyticalcreening, allblue spotdepression areaslentified that are not
connected to the stream network of the area to avoid the natural drainage system. Water accumulate:s
in depression areadue to lack of capacity in the drainage system or perhaps total lack of drainage
system. The contributing drainage areas can be upstream catchments. Then identify Blaesalots
volume, areas with peak runoff volume, blue spots with laswkmme andarger catchment areas, and

blue spots close to roads to analyze the major waterlogging impacts on the infrastAlstutieese

step helped to select a case area for analysis.

The second level is a calculation of rain sensitiamyalysis forthe individwal depression to find the
actual volumdor each depressiolit is done by assuming no drainage from depressions and assuming
impermeability of the catchment at natural, s@eivious and impervious surface levels. In this way

a risk analys of the bluespots can be known considering the amount of precipitation needed to fill
low-lying areas.
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3.5. Data collectionMethods

To develomwell-functioning bio drainage curb extension with sufficigbility to avoidwaterlogging

on the surface othe road, both qualitative and quantitative datae collected through different
mechanismsThe primary data collected through verbal question for the dwellers during field Survey
by using a hydrological analysis maps afhecklist. The interview empyed to collect data related to
waterlogging and stormwater o¥lew hazardsThe secondary data collected by analyzing different
researches and written documents. Previous surface and hydrological researches on theastudy ar
collected from ministry of gological survey of Ethiopia and Akaki Kalitgub city office. The
collecteddatahelped to identify and clarify areas that are prone to waterlogging, floodingnating:

major cause®f these problemsTo reenforce the mvious researches and to idéntivaterlogged
pointes @epression areas) different hydrological analysis of the surface taken place using Arch GIS
and QGIS tools to collect data. The overall character of depression areas identified, Size, Actual
volume andheir significance on waterlging and overflow problem.

The Data collection method takes process for ifieation and map waterlogged areagatdis Ababa
city first by analyzing different researctocumentghat are worked on Addis Ababahydrological
character. Thedeelped to know othar e s e a pearsheetivefo&nowwhich areasrea expected to
have these problemsi@ wty these areas had thgg®blem, thudo study the cause and effect of the
possble hydrologicalscheme. Thensing different hydrological tool&rcGIS and QQGS / the exact
waterlogged pointesdentified. Thesehelps to create a quantifiable data on thewaterlogged
points/areas/. The GIS tools used to fitite waterlogged pointes with their streatimection,
measurablsize of waterloggedreas, theatchment charactesatershegropertyand catchment area
for each waterloggepoint. Fromthese field surveywaspeaformed as a dominant method of the data
collection using the generated maps as a check list. pisnaary data thedwellerson the area
interviewed, different places with waterlogged probgmveyedo collect data related taverflowing,
flooding, waterloggindhazards and theroblemoutcomesurveyedseeingthe infrastructure damage
by theserisksmostly on the locatobblestonetreets

To design curbxdension as austainableywaterlogmanagement arkak runofisolution for thdocal
street the secondary data collected from different researchwaittén documenton curbextension
systemwith respect to Addis Adbadrainageand stormwater managememethod. Thelata collected
to design the curb extensiorcarporatebothlocal and international standardich includedboth
applicability standardand surface and hydrological character of the stadga. Orthe Application
Standard the ge of the curb respect to the size ofribed, theslop of the area with respect to the type
of the curb extensioneeded to banstalledtaken intoconsideration. Othe sirfaceand hydrological
character of the study aresarface materiaiunoff coefficient, infiltration capacity of thesoil,
overflowdirection,peak runofirate on the sitandpeak runoffvolumeoccurredon the site taken into
consiceration.

Based on the desigyf the curb teestimatethe efficiency on how muchit reducel the waterlogging
intensity and stormwater runoffroblem, data collectedrelated tostandardgiven from local and
internationalmetaphoron managing stormwater and waterlogging probterdentify the required
performance levedf thenewly designed curland theamount ofrunoff volume ned to bereduced
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Tools of data collection

Table4: Data collection methods and tools

No Specific objectives Type of data Source of data Collection methods Instrument Analysis

used

1 Identify and map Water shadewaterlogged Addis Ababa city Generation of maps PCUGIS Considering water shade, soil
waterlogging lands found in  area, waterlogging intensity ~ hydrologicAmaps.  observation, software tools/ character and groundwater @b
low lands of Addis Ababa Peak runoff rate angblume measuring and camera of the site_find the most

waterlogging area.
city.

2 Design sustainable curb The dfferent character of the  The selected site Photographing Camera, GIS  Finding a sustainable curb
extension as a sustainable  site:surfacerunoff coefficient  existing features and observation, Software extensionthatrespomisto the
waterlogging and peak runofl infiltration capacity, rainfall literature review. measuringand character of the sitdéat can be
solution forthelocal street. intensity, runoff volumne, peak studying thevolume applied foracertain area with

runoff rate, and plant typology rate measurable bio drainage
which iscapable of bio drain intensity.
the logging capacity.

3 Estimate the efficiency of the Quantity of peak oerflow and  Performance of newly Calculatingthe PC (different  Considering standards compar

curb extension that reduse
stormwater runoff and

waterlogging intensity.

runoff rate after applying the

developed curb

sustainable curb extension for extension.

theintended area.

performancef the
curb and the
intensity of the

waterlogged area

soft wares)

the peak runoff volume that
causes waterlogging ¢ its
reduced volume to distinguish
the efficiency of the design cur

extension.
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3.6. Material on rainfall intensity and Volume calculation Method

Analyzing Rainfall intensity Rate

The rainfall intensity rate in 1 hrthroughout 33 years of data (198617) E.c, from Ethiopian
metrological agency obtaining the daily average intensity rainfall at 9 o clock in these years with one
hour time of concentration which eqaab the storm duration taken place. The total stburation is

not taken, rather a period of rain that produces the peak rainfall in 1 hr. To compute the peak runoff
rate to a period of rain that produces the highest precipitation, seasonal factdri®pifiEre taken

into consideration. Choosing the st (November), the mid wet (April), and the wet season (August).

Table 5: Rainfall intensity Data of Addis Ababa

Jan Feb Mar | Apr May | Jun Jul Aug Sep Oct Nov | Dec
Total sum
mm for all
years/Hr 11.86 | 31.54 | 59.58 | 92.89 | 79.03 | 118.99 | 233.84 | 256.51 | 142.50 | 31.761 | 4.53 | 6.53
Daily
Average
mm/Hr 0.370] 1.017| 1.862 | 3.096 | 2.469 | 3.718 | 7.307 | 8.016 | 4.453 | 1.024 | 0.146 | 0.225

Peak runoff rate and volume calculation method

By preparing the intensity rainfall data of the area, the Rational method of hydroliaian is

used to find the peak stormwater runoff rate in catchment areas which leads to filling the depression
areas. The peak runoff rate calculated in a cecatithment character with different runoff coefficient

to acquire the runoff intensity viatdifferent surface character and in different housing settlement
considering the case of urbanized areas. Natural state area with 0.2 runoff coefficient, sem@dirbani
area with 0.55 runoff coefficient and city business area with 0.85 runoff coeffiaikeen in the
calculation all with 210% slop consideration .

Area of the watershed that drains to the point for which the peak runoff rate is obtained from the
individual subbasins area on ArcGIS which are included in Akaki Kality. Little Akaki and Bigk#\k
basins cover most of Akaki kality area and also there are small basins that are only included in Akaki
sub-city border. Having the variables of running coeffitiehdifferent surface areas, the intensity of
rainfall in different seasons, and area tbe catchment, the peak runoff rate calculated with
Q=0.0028CIA witch 0.0028 helps to convert to SI_unit Q=m3/#ex the peak runoff volume
calculated by considerinye durational factor to the peak runoff volume.
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3.7. Method of analysis
The collectionof data considering the existing site and methodologies to perform bio drainage curb

extension were analyzed to identify the peakoff rate of the area, infiltration capacapdamount

of runoff. The waterloged area®n the surface of the road assérby the amount of water it holds
within a certain depth and the rateexcessive stormwater that waischargerom the studiedite.
Finally, based on the intensity of the water on the site and the capability of thetdmton to
withdrawal water fron the surface, the design was tested quantitatively comparing the existing

waterlogging concentration on the site.

Existing analysis - Result

Detall _
Waterlogging lands observation Wet spotanalysis
(residential area Overflow on the local street.
local roads)

Peak runoff rate and peak rum

of volume of the site
Runoff rate catchment.

Calculation A

Site character

Waterlogging
intensity

v

Design the
appropriate
curb extension

Identify efficiency  |¢
of the design.

Figurel7: Method of analysis

3.7. DataPresentation
The data was presented using different maps, graphs, and tables that dinawdiogical analysis of
the selected site, and its final result.
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Chapter 1V: Result

4.1. Mapping and analyzing the existing hydrological character of Addis Ababa

The city's hydrological flow depends on the topographic surface character of the city. Tindlstnsa

from the north of the site as Big and Little Akaki catchments and leads to the flat laying areas of the
south. Wet areas can be created following tlosv fldirection of the stream and their adjacent
surroundingsonsidering overflow and stormwatemioff.
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Thewet Areas lplue spotyoccur due to the amount of rain to the land surfalieh isnot alloned

for infiltration into the ground or evaporation to the atmosphere. Hence, every drop of rain flow along
onthe land surfacentil it reaches a volume of free water collected in a depression. If these volumes
are larger than 10handthe accumulation islose to a road, they are considered as threats and are
included in the risk analysis procedure. That incorporates the blueaspal volume, catchment
character (coverage area and infiltration capaaiydl rainfall intensity of the area.

Legend

Boundary

Addis Ababa Bluespot Areas

[_Jo
-2
s
-E-' 149
| REERER

Figure B : Addis Ababa city blue spot depression areas found at the
lowest and at the highest topographic level of the city.
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Based on the bloodspaiodel Fig 19) in Addis Ababa the major wet spot areas were found in central,
western andsouthern parts of the city. These areas experience saturated land conditions and
waterlogging problems. Most of the problems occur along local roads, construction sites and on bare
land areas.

Areas found irthe central part of Addis Ababa City. Waterloggieffectsalong and side to the local
roadswhich are in Felwoha and Lideta (F2§) Areas.

Figure20: Central part of Addis Ababa city with a waterlogging probl@eft side)Felwohaarea and
(right side)Lideta area(Source: photograph takeg the author on August 2019)

Located Areas found in the southwestern part of the city with the amount of groundwater level rise at
the same time the level of saturation causing waterlogging will increase. Some of the site case areas
were found at Jemo, Ea, and Kolfe Keraniyo(Fi@1).

Figure21: South western part of Addis Ababa with waterlogging problem Jemo(top two ),Lafto(low
to the left),and (lower right)Kolfe Keraniyo(Source: photgraph taken by the author on
August 2019)

39



Since the topography of tloey become lower and flat to the southern part of the city the hydrological
flow and also the groundwater level unconfined aquifer becaines byto the surface leveind its
effectshowed in most of the site ground surface. Roads with no drainage facility, vegetated sites, open
flat areas, and also housing construction areas experience the waterlogging problem. Some of the
viewed sites were found in kality, Akaki andlradimtu(Fig22 )areas.

Figure22: Southern part of Addis Ababa with waterlogging problem Akaki Area(top 2 on the left)
kality area(top on the right) and (Bottom 3)Tulu Dimtu ar&ource: photograph takery b
the author on August 2019)
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Akaki Kality Sub city Wet spot areas.
The Hydrological stream flow of Addis Ababa city is towards the south to Akaki KalitgisufFig

23). Most of the wet spots concentrated along Akaki river and others dispersechthubtite area.
The wet spots that were not connected to the stream networklemtsias a treat. Over flow from
these depression areas occur during high precipitation time which caused waterlogging problem.
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Figure23: Akaki Kality Sub city blue spot depression areas related to
stream network.
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Actual volume of wetspot depression Area

After wet spot areas that are prolong to waterlogging and flooding problem identified, Vectorized form
of the depression area crd#dig 24) From these vectorized polygons size of the bloodspot, elevation
of the depression, and actual volume of the depressiomd Annex1).
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Figure24: Akaki Kality Sub city Depression areas

The zeregroundwater level (the original terrain) helps to identify the surface volume below the given
elevation whichcounts aghe actual volume of the depressidm(ex1). The larger volume of the
Blue spots occurs around thajor stream of Akaki vier.
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Figure25: Actual volume of the depression areas in subbasin of Akaki Kality Subcity.
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The actual volume of the depression areas in Akaki Kality mostly lies in betimetio 7n? and in
some catchment areas it goes beyond &3 n¥ (Fig 25). Thesedepression volumes hold the peak
runoff volume of their individual catchmeflbw..

Based on the calculatioliinex2) the runoff rate inhe dy season is much smaller than the wet
season. At the same tiribe catchment area development of the city &in impact on the peak runoff
rate. The mar the surface is at the natural state the less peak runoff rate and vice versa.

m¥/Sec Peak runoff rate on Natural state area C= 0.2
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Figure &: The peak runoff raten natural surface Catchment considering the seasonal factors.

The peak runoff rate ithe natural surface are#&ig 26) has the smaltt peak runoff ratdrom the

other surface catchment charactémsthe dry seasonthe maximum runoff is below 0.004fsec, in

themid-wet season'it below 0.08rffsec and irthewet season its belo®.200n¥/sec. Naturally kept
areas have low runoff ratkie to the high permedity of the surface area.
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Figure Z7: The peak runoff raten Semi urbanized surface area catchmesrsidering the seasonal factors.

In semi urbanized surface ardag 27) there is a slight peak of runoffhe lowest runoffjoes up to
0.01m3/se in dry season. In mid wet season 0.200m3/se and in wet season it reaches to 0.500 m3/se
having apart of some developmeand incorporation non infiltrating surface aredshe catchment

surface the peakrunoff rateincreases.
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m?/Sec Peak runoff rate on City Business areas C=0.85
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Figure28: Thepeak runoff raten urbanized city business areas catchroensidering the seasonal factors.

The peak runoff rate in fully developed areas wiithlowest permeability of surface sithe highest

runoff value Fig 28). In the dry seasonthe peakrunoff goes up to 0.015 m3/se. In mid wet season
0.300 m3/sec and ithe wet season above 0.800 m3/¢mwvingthe catchment ar&sahighest runoff

rate. The impermeability of the surface has major significance to get the highest peak runoff rate
considering the other surface characters of the catchment areas.

The value of peak runoff rate calculated by malomethod Annex-2) varies through the intensity of
rainfall considering seasonal factors and runoff coefficient of the surfaceTardand useof the site
hasamajor impact on the peak runoff intensity in these hydraulic assessments.

Result onPeak runoff volume

After finding therunoff rateof the site on different catchment characténs, total runoff volume is
acquired by multiplyinghe pick runoff rate with the 1 hfime rainfall storm duratiorAnnex-3). The
elapsd timein the rainfél duration diffesthroughout the year and as the storm duration increases the
peak runoff volume also increases.
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Figure 2: The peak runoffolume rateon natural surfaceatchment considering the seasonal factor
and the site peak runoff rate.
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The peak runoff volume on the natural state value (Bjgs2the smallest because at the natural state
of the land permeability character and infiltoat capacity of the surface area is at the highest rate.
During the dry and mid wet season, the surfaiea experiences a small amount of runoff volume
which is less than 15%n
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Figure 30: The peak runoffvolumerateon Sumi urbanized surface area catehtconsidering the
seasonal facto@nd the site peak runoff rate.

With the increasing of impermea&dsurface, the stormwater runoff intensity rises. With thatrunoff
volume also increases due to the small amount of infiltration of water toagbhadyrDuringthe dry
seasonthe runoff volume on semirbanized areas halse smallest impact due todsprecipitation
(Fig 30). But inthe mid wet and wet season along with the inceezfsrainfall intensity the runoff
volume also increases up to 188 per given catchment
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Figure31 The peakunoff volumerate on urbanized city business areas catchrmeensidering the
seasonal factorgnd the site peak runoff rate

In the case of fully urbanized areas, the runoff volume goes to the higtieéffig 31). Because the
runoff coefficient of the surface is the hagt, it leads to having the highest runoff rate and run of
volume. The surface also has the lowest infiltration capacity with a low permeability rate, which also
has a major impact on thenoff volume. As a total resulthérunoff volumeis direct recipocal to the

peak runoff rate. As the peak runoff rate increases darcegtain storm duratigrthe volume also

peals to the highest accommodatioifthe site catchment character has an rhpaonsidering
infiltration capacity and permeability of the suréac
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The Actual wet spot depression volume Vs The peak runoff volunie different state of
catchment character.

The peak runofffolume at natural catchment asea
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Figure32: Thepeakrunoff volumeratio on the naturasurface catchment area during different
seasonsléft blocks). And actual volume of the site depressimalue in comparison with the
peak runoff volume on the natural surfasgéchmentright blocks).

The ratural catchment area of runoff maximum volume goes from 14m3 up to {632 left
blockg throughout rainfall intensity of the year. Comparing to the actual depression volume the
runoff(Fig 32 right blocks)exceedshe capacity mainly during wet seaswith the valueup to70 m3

and the actual volume lies in between 1m3 to 23 m3 capacity
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The peak runoff volume at Semi urbanized catchmensarea
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Figure 33: The peak runoff volume ratio oBumi urbanizedurface catchment area duringfelient
seasons(lefblocks).And actual volume of the site depressivalue in comparison with the
peak runoff volumeéumi urbanizedurface catchmenight blocks).

On Semi Urban areaxatchment characteihe maximumvolume goes from 35m3 up to 180 rfi3g

33 left blockg throughout raifall intensity of the year. Comparing to the actual depression volume

the runoff exceeds slightiy dry seasonvhile during wet seasothe runoff volumeraluegoes up to
180m3 hencethe actual volume lies in between 31t@ 23 m3 capaciffig 33 right blocks)
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The peak runoff volume at Urbanized catchnaeis.
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Figure34: Thepeak runoff volume ration Urbanizedsurface catchment area during different
seasonsléft blocks). And theActual volume dthe site depression Value in comparisuith
the peak runoff volumef urbanizedsurfacecatchmentright blocks).

Developedurban areas have the maximum runoff volume than other catchriatsunoff volume
of these catchment aregees from 51m3 ugo 296 m3 Fig 34 left block) throughoutthe rainfall
intensity of the year. All runoffs exceed thelume of the actual depressionall seasons and have a
possibility of overflow and flooding. The maximum wet season falkhe range 0296 m3 and the
actual volume lies in between 1m3 to 23 caPacity(Fig 34 right blocks)
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Risk Assessmenbn overflow and waterloggedareas based on runoff volume.

Increasing runoff volume on different catchment areas in different seasonal orientationsrigiad to
asessment based on the amount of precipitation need to fill thdylog areas with smaller
depression volume. Depression ardaest are filled by the dwest precipitation considering their
permeability and seasonal factors tend to tevigh risk of overow.

Precipitation level that causes a risk of flooding and overflow within the lowest runoff rate coefficient
can exert a major impact when it is ilepl on the highest surface runoff. Since the natural catchment
area has the highest permeability andltiveest runoff rate than the other catchment areas, it can be
used to attain the risk assessment. Depression areas in natural catchment cha@eteviriiooded

by the minimum precipitation even if having the highest infiltration rate can be indliasteighrisk
areas. In the natural catchment areas, the dry seasereba peak runoff rate and runoff volume.
Actualdepressiowolumes that areverflow by the minimum intensity of rainfall (F&p) 0.146nm/hr

at dry season, 3.096m/hratamid-wetseason, and 8.016m/hrat wet season hawedarger risk with

the increase of the runoff coefficient

Areas Overflow by
Precipitationintensity in

{

1Hr
Legend
Overflow depression areas Map 1110.146 mm/hr
[ Axaki_kaiity Border
3 Overflow depression areas 3.096 mm/hr.
0 1 2 4 Kilomet
e [1118.016 mm/hr.

Figure35: Riskanalysis on the depression areas of Akaki Kality Sub city
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Depressions that overflow by 0.146 mmHhave the smallest actual volunete to hold the runoff
volume of their catchment area. With minimum precipitation they overflow on the 0.2 runoff

coefficient.
y kg

;

Legend
Depression volume Risk map

] Axaxi_xaity Border

:] Blue spot polygons
0 1 2 4 Kilometers . . .
Figure &: Risk map of Depression
areas that overflow with the
minimum precipitabn Value.

)

N
Legend
Akaki Kality Rivers with Risk Spots.

Figure ¥: Risk map of
Depression areas that overflow
with the minimum precipitation
Value with the natural stream

order.

River

] Axaxi_kality Border

3 overflow depression areas

0 1 2 4 Kilometers
I VO S SR SR TR Y W |
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The overflow from the depression areasedaot have natural drainage menksanm which surpasses
the stream rtevork of the sitgFig 37). The areas with overflow volume with the lowest precipitation
considering the catchment character and seasonal factors it has an impact on the road infrastructure

Legend
Depression Volume with road map

[ Akaki_xality Border

:] Blue spot polygons
0 1 2 4 Kilometers

L ! I L | I L 1 |

WaterloggedCase
area site.

Figure 3B: observing overflor depression areas with the road map of Akaki Kality-Sub
city andcase areaite location

The case aresitehasaroad covered with local coble stone material with a width of 8 mexetuding
local developed drainages ditches along each side hannmeter width. Peak runoff occurs fraime
northern part of the site to the south attending the slope and alsodhadgdent road$-{g 39right
side top picture) have major significance on adding a fuodfime to the catchment area.
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Due to un attesance of Surface runoff from these side roads tbexa&te an impact on the main road
surface arefright side to thdottom). Runoff occus with the minimum precipitation on the site.

Figure 3@: The Study site in Akaki Kality Subity with cobblestoa road features, damaged surface
areas (bottom rightand (Top right)adjacent road surface to the §8eurce: photograph taken the
author on August 2019)

On the sides of the roatherearesmall vegetatiosithat grow inthe wet seasonDue to theexistence

of waterlogging and flooding problem on the site, tipdea n t a t ihavetbat nduchdsigidance

on infiltrating the water accumulation and overflow on the road. Total study area road length 101.4m
with atotal catchment area of 811.2 sg. The site peak runoff rat&dble 6) is calculated byarational
equation which gives 2.321x3@n%secto 1.274x16 m¥sec duringthe dry season and wet season
respectively. The total runoff volumddble 7) during the highest precipitation intervalegoup to

4.588 niwithin that catchment area.

Table6: Peak runoff rate dhe selected siteonsidering the surface area runoff coefficient

Site
Area Intensity of rainfall/Hr Coble Stone Paved Arg Peak runoff rate
Dry Mid wet | Wet Mid wet | Wet
Season | season Season | Runoff coefficient 2% | Dry Seasor| season Season
ha (Nov) (Apr) (Aug) | 10% slop (Nov) (Apr) (Aug)
0.08112 | 0.146 3.096 8.016 | 0.7 2.321x10° | 4.922x10* | 1.274x10°
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Table7: Thepeak runoff volume on the study site during different seasons eomgjdheir Peak runoff rate

Site Area Peak runoff rate Runoff volume(m3)
Mid  wet Mid wet | Wet
Dry Seasor season Wet Seasor Storm Dry Seasor] season | Season
ha (Nov) (Apr) (Aug) Duration(hr) | (Nov) (Apr) (Aug)
0.08112 2.321x16 | 4922x10* | 1.274x10% |1 0.0835 1772 4588

Based on the risk analysis mdpg 38) the site is found in Basin 49 Stlasin Id of 2014 within a
depression Blue spot name of 298n(ex3), actual depression volume of 3.nBut the overall
catchment has minimum runoff voume of 4.75 m3 during the smallest precipitation on high
infiltration surface that overflosthe actual depression volume. Assuming the road placement and the
overall catcment area of the depression lies at sarban development the maximum runoff volume
will be 71.819 m3 covering 16.16 ha of the total catchment runoff. With tlaéss,considering
0.08112 ha of the road area the minimum runoff volume will be 0.§2édthe maximum runoff on

the road will be 3.604 m3 assuming the roadisitategorizd in the mid urbanized area.

Based on the Intensity duration frequency curve(IDF Data)of Addis Abaga)faking the storm
duration recurrence interval of 2,5,and10angeof Monthly rainfall Intensity the peak runoff rate and
the runoff volume withiriLhr, 1.50hyand 2 hr storm duration (TabB Addis Ababa experience the
highest 40mm/hr rainfall intensity within 10 years recurrence interval, which the runoff wi2l 8832
me on the site.

Table8: Monthly rainfall intensity of Addis Ababa city based Addis Ababa Bole observatory center from
IDF curve data.

Storm Coble Stone
. Paved Area
Duration
Recurrence . Ruan'f_ .
interval l_\/Ionth_Iy Rainfall coefficient Runof‘f _volume ( with a
Area intensity(mm/hr) 2%-10% slop | Peak runoff rate (m3/Sec) given rainfall duréion)
ha In 1hr | In 1.5hr| In 2hr In1hr | In 1.5hr | In 2hr In 1hr | In 1.5hr | In 2hr
2 years 0.0811 | 30 24 18 0.7 0.00477| 0.00382| 0.00286| 17.171| 20.605 | 20.605
5years 0.0811 | 36 28 24 0.7 0.00572| 0.00445| 0.00382| 20.605 | 24.040 | 27.474
10 years 0.0811 | 40 32 27 0.7 0.00636| 0.00509| 0.00429| 22.895| 27.474 | 30.908

So, by having the site highest daily runoff volume 4.588 m3, considering the overall catchment area
runoff volume ratewith respect to the site area having 3.604 m3, and taking Addis Ababa storm
duration recurrence interval with 1 Imtensity of rainfall17.17m3of 2 years,20.60 fof 5 years and

also considering the highest interval of 10 years with the runoff volurB2.89 m3the Sustainable

curb extension designed to avoid the overflow from thereksion areal he designed curb extension

has thecapacity to compreherttie runoff volume and waterloggirggfecton the surface of a given

road within these runoff volume rates in different circumstances.
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4.2. Designingcurb extensionas a solutiom

Thedesign of sustainable cudxtension helps to minimize the rate of runoff during high intensity of
precipitation Thesehelp tocontroloverflow of runoff volume from the site higtisk depression area,
provides clear drainage lain, avoid watego problem due to the near grouratertable and it have

an ability to retain a certain amount of water to manage the waterlogging intensity of the area that
occurs by the ovesaturation of groundwater table and the maximum runoff volUine.desigralso

serves as a bumgut to control tle vehicularflow on the sitéSincethe design includes green element,

it improves the aesthetic value and boosts the livability of the neighborhood.

Total Catchment’
area=811.2 m2

Total Area of 1 curb=4.59\m2
Paved surface=788.4 m2

Total length of the
road=101.4m

Water flow
direction

Sustainable curb
extension with Green '\ \!
Vegetation

Width of paved
road excluding
local drainage

Tacilities— 8m

Water flow

Figure4(Q: Existingcase arefleft side map) andtudy area plan with curb extensij@gight side)
drainage facility, individual and totahtchment area of the curb infiltration capacity.
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Storm Water Inlet
Drainage lane

Gutter inlet
Cobblestone Lane

Concrete Curb i‘ll'ﬂIl'ltlL
extension frame i A Parted soil bed from
; drainage lane with the
Storm Water Inlet thickness 0f 0.95 m

Figure4l: Detailed plan layout of thdesigned curb extension

The general design of curb extension lies on the existing total surface area of the road geat bum
with anoutward distance of 1.17m from the corner of the road alighgth of 5.65 m. And it also has

a drainage gutter lain along the road length inclhihe treated and minimize stormwater flows into
the catchment basin. Drainage lain with 1 ndtWialso serve as a sidewalk area by covering the top
surface.

The curb extension has 2 inlet pads, one at the corner of thamditie otherone at the fronthat

collecs thetotal catchment runoff volume for a single curb intake.release theutflow water from

the curb extension there is an outlet pan that is connected to the drainage of the road. To stabilize the
slope difference in curb extension theage check dams with width of 1.17m.For acceping the
functionality of the curb extengig it needs to facilitate the highest intensity of runoff volsthat

the site gainin this case4.588n% runoff volumefrom the site (Table7),17.17 n{,20.605 nt and
22.89ntvolumedrom IDF dataTable8) of 2,5 and 0 yearsespectively taken as theghest intensity

runoff volume of Addis Ababa as inflow volume to the site.

To control the overflow and waterlogging intensityakes 5 curb extension installatgoy the area
of 4.56 nf into 811.2 M of the total catchment area of thead. The total arb area coved by the
designed curb extension is 22 Bwhich is 3% of the totatoadarea The volume outflow taking
1x10% m/s infiltration capacity of the soih 1hr storm durationwhich gives 008208 m3 for both
daily andthe maximumO yearSdurational intensity runoffsThe size of magazirlength(depth¥or

the fivecurb extensioims calculatedased o water balance from inflow and outflow stormwatEne
runoff volumethat onecurb needs taptake to avoid runoff on the site i8938m? during the wettest
season and 862m? during 10 years stornduration(Table 9) Since the curb extension developed to
avoid and control the highest runoff rate on the gitepnsiders the relapse intervdl2,5 and 10
year IDF datas adesigninput Taking the highest runoff volume that need to be handled by individual
curb capacity and considering the area of the curb 4%5@m depth i<.01 m below the ground to
retain the runoff volume covering 1538 nt catchment area to drain individually.
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Table9: Thefinal Design runoff outcome comparison with the Peak runoff rates of the site.

Volume in| Volume Total curb| Individual Depth needeq Overflow  from the
flow per | outflow area runoff| curb runoff | to accumulate mezzanine considering th
hr. intake intake inflow volume | highest depth(1.01 m)

Runoff volume on | 4.58 n¥ 0.082 n¥ 4.469 ni 0.8938 m3 | 0.19m -
the site

Overflow from risk | 3.604 ni | 0.082n® 3.52 n¥ 0.704 m3 0.15m -
analyzed
depression area

2-year recurrence | 17.17 n¥ | 0.082n¥ 17.088 i 3.417 ni 0.74 m -
runoff volume

5-year recurrence | 20.60 ni | 0.082n¥ 20.523 i 4.104 ni 0.90 m -
runoff volume

10-year recurrence| 22.895m3 | 0.082 n3 22.813nd 4.562 m3 1.01 m 0.082 m3
runoff volume

Thedesigned curb extension on the street has an intake capacity of 23 8 ffivolume from the
highest peak runoff rate of the site 22.89% giving the area of 811.2 vand leaving 0.082 #n
overflow to the surface. So, consideriing tdepth and the oxadl area the curb takes, the volumetric
capacity of the design element can handle the maximum rate of runoff duripgad@vent

precipitation that occurs on the site.

4.3. ldentify the efficiency of the curb to avoid waterlogging ath runoff using retention
Since the groundwater level of the city maximized along north to south direction and based on the risk

analysis taken from the depression areas of the site catchment, the designed curb has to retain the
stormwater intake to avoidaterlogging thasubdue in the ground level and minimize the amount of

storm drainage that outflow from the study area.

For retaining purposes, the design curb includes ponding area (30 cm depth), Mulch area (5 cm depth),
Sand (50 cm depth), gravel (16 ¢grand vegetatio cover. Considering the infiltration rate and the

void ratio of the elements the designed curb has the ability to hold a significant amount of water that
will drain to the ground with a certain period of time. These processes will minthezhighest

waterlogging and overflow effect occur during the maximum precipitation intensity.
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Vegetation that are used for
evapotranspiration.

Curb inlet/from the street to
the Curb:

Opening helps to drain the overflow from
the retaining capacity of the curb design.

[

L1 m 00m. e

Drainage gutter with
aggregated base.

Ponding Area.

Mulch layer to avoid dirt unwanted

substances to inter and retaining
purpose

an] retaining purpose.

Over all depth of the
designed curb.

purpose. ’

Figure £: Sectional layout of the design curb element

Considering the highest precipitation interval 22.895mith the curb intakevalue of 22.813 rhthe

curb has 1.01 ndepth. These depths incluttee elevationof the ponding area that has the ability to
retain 6.84 rof water, the mulch that helps to avoid dirt and segregate unwanted substances to enter
and have the ability to retain 0.19 m3 of water, aadsidering the hydraulic property of sand and
gravel they have the holding capacity of 2.28 m3 and 1.276 m@rofwhater respectively. Also adding

grass as glantation 0.27 in/day (0.00285 m/hr.) transpiration rate, it has the ability to intake 3.75 m

of stormwater. The designed curb extension retains a total of 142886me of water with the intake

of 5 curbsand 2.79mvolume of water retention by a single curb extension.

Tablel10: Total curb retention volumiatake

Elements in the curb desiggdraulic performance with their dept
total of 1.01 m
Total Ponding | Mulch Sand Gravel Vegetation Total retaining capacity
Area (0.3m) (0.05 m) (0.5m) (0.16 m) cover
fivecurb | 22.8m2 | 6.84 m3 | 0.19 m3 2.28 m3 1.276 m3 | 3.75m3 14.336 md
extensions
For 456 m2 | 1.3 m3 0.038 m3 | 0.456 m3 | 0.25 m3 0.75m3 2.79 n¥
individual
curb
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Having the retaining capacity dfie design curb elements, the system responds in different ways
throughout the different intensities of rainfall. As stated before, taking the maxiomoff volume of
the site during the wet season and taking the highest precipitation intensity widn@,%0years
recurrence rate, the stormwater that will channel from the curb towards the drainage facilities vary.

Curb extension efficiency rategin 4.58 m3 the highest runoff volume during the wet season (Aug)
considering the Intake capacity of thesgmed curb extension and its final retaining capacity.

Table 11:Curb extension efficiency rate during the wet season.

Max runoff volume| Volume outflow Volume irflow into the Retaining | Stormwater that
on the site from the total curb | curh capacity of | will drain from the
area the curb curb towards the
drainage facilities
4.58m3 07 considering 4.469m3(5 curb elemen)s| 14.336 m3 | Non (stormwater
1.0L:meter depth will retain and
0.893m? (individual) 2.79 m3 infiltrate to the
ground.)

Curb extension efficiency rate given 17.17 mmnoff volume occur at 2 years recurrence time. Within
these relapse time taking with 30 mm/hr monthly rainfall intgnsi

Table 12:Curb extension efficiency rate in 2 years recurrence time.

Max runoff | Volume Volume irflow into | Retaining Efficiency | Stormwater that will
volumeon | outflow from thecurh capacity of | with % drain from tke curb
the site the total curb the curb towards the drainage
area facilities
17.17m3 07 considering | 17.08m3(5 curb 14336 m3 | 83.9% 2.752m3
1.0Lmeter element}y
depth
3.417m3 2.79 m3 0.62m3
(individual)
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Curb extension efficiency rate given 20.68 mmnoff volume occur at 5 yesrecurrence time. Within
these relapse time taking with 36 mm/hr. monthly rainfall intensity.

Table 13:Curb extension efficiency rate in 5 years recurrence time.

Max runoff | Volume outflow | Volume irflow Retaining Efficiency | Stormwater that will

volume on | from the total into thecurh. capacity of | with % drain from the curb

the site curb area the curb towards the drainage
facilities

20.60m3 07 considering | 20.52m30G curb | 14.336 m3 69.86% 6.187m3

1.0:meter element}y

depth
4.104m3 2.79m3 1.314m3
(individual)

Curb extension efficiency rate taking the maximum runoff volume that occurs on 10 years recurrence
time interval given 22.895 #nWithin these relapse times, the area has the maxipnaaipitation of
40 mm/hr monthly rainfall intensity.

Table 14:Curb extension efficiency rate in 10 years recurrence time.

Max runoff | Volume total Volumeinflow Retaining Efficiency Stormwater that
volume on | outflow from | into the curb and the | capacity of | with % will drain from the
the site the total curb | maxintake capacityf | the curb curb towards the
area thecurh. drainage facilities
22.895m3 | 0.082 m3 22.81 m36 curb 14.336 m3 | 62.8 % 8.477 m3
element}
4.562 m3 (individual) | 2.79 m3 1.772 m3

Generally, the curb design decreasesntaimumwater saturabn and runoff volume byetaining
14336 m3 of waterfrom the given site of 811.2 inThe design considers all the possible runoff
volumes that can occur on the site during the wet seagbim different time intervals. Considering

all the highest rainfhintensity recurrence times, only the 10 years relapse time of volume intake has
an excess runoff volume of 0.082 from the designed curb element. But by taking the maximum
runoff volume at the wet season on the site and by taking the storm duratiorerece interval of 2

and 5 years, the design curb element successfully retains the intake volume avoiding overflow.
Considering inflow volumes and retaining capacity of the curb, thgmesieases a certain amount

of stormwater to the side drainageilities that will feed to the downstream catchments. At 2 years, 5
years, and 10 years storm duration recurrence intensity 2.758.187 ni, 8.477ni volume of
stormwater respectively wible drained to the drainage facility to the side of the curb.
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Chapter V: Discussion

Nowadayssustainable stormwater management system is commonly applied in areas where there are
high precipitation and stormwater runoff. Urbanized areas have a majormprobdtormwater runoff

due totheimpermeability of the surface areaused by urbanization. The effects of urbanization in
the urban hydrological processes are visible through the change of the surfaces that cover the city aree
(Yamashita et al, 2016) aride accelerating runoff flow velocity thus leads to increasingithan

flood risks and waterlogging (Weng, 2001; Li & Wang, 20@3ange in underlying surface condition,
urban developmentand construction led to the growth of impervious areas, redsoe@ce
infiltration, reduced groundwater recharged, increasedffuand increased peak flow (Ningt
al,2017).Unlike higher topographical areas urban development inlyowg areas often affected by
waterlogging afterainfall, since theainwater cannot be discharged in time due to the slop character.
Addis Ababa haa different topographical charactdratmanags the hydrological flow of the city.

Most urban areas have problems such as inadequate drainage facilities, lack of pgming @nd
rainwater collection facilities. More than half of the waterloggioints are caused by this problem.
During a rain event, these facilities cannot playrthae as drainage mechanishiirig, et al, 2017).

The fundamental causes of waterlaggin the city areseries of problems, such as little attention to
drainage pragcts, weak awareness of waterlogging prevention, lack of active prevention measures,
and outdated planning and construction id&sdar(g, 2018)n Addis Ababa, the streets afeetmost
affected areas caused by this stormwater runoff. Beth@eamount (theatio) of the stormwatesn

the sitethegroundwater table Isa great impact on creating waterlogging and saturation of stormwater
to the site causing degradation on thedsfructure. Recent yearsviesseen a growing number of
rainstorms under the dhal climate change which severely impedes social management, urban
operatonand peoplebs |ives. The negative effect i
and the lack of flood control and emergency measures. As an essential way to prelemtigate
disasters and build sponge cities, the risk assessment of urban rainstorm waterloggingqetailde

on disaster risk valuation, explains the influencing factamsl gives a clear view and directiorthe
improvement of urban drainage st He et al,2017).

In order to analyze the influence degree of waterlogging in urban areas, the waterlogging imgact need
to be quantified and mapped. Based on the actualdgtared from the site, the spatial data related

to waterlogging influence dege will be comprehensively analyzed. As the living density, urban
infrastructure elementand facilities around the waterlogging point are closely related to the influence
degee analyzedThe statistical analysis function of ArcGIS software can be usexltulate the
application ofdata within a certain buffer range. After the statistical data is normalized, a data series
related tothe influence degree of each waterloggipgint will be obtained Fan et al,2017).
Considering thesm the areaof waterbgging intensitythe blue spot analysis will be taken place to
map and identify all the depression areas assuming 100% catchment runoff and no drainage from the
depression Nielsen et al,2011)By analyzingthe study area of Addis Ababa City hydrological
character, the blue spot areas vathigh risk of overflow majorly founéh the south and west region

of the city. Based on the topographical character of the city thetloagien with the minimum slop
levelis impacted by stormwater runoff overflow amgterlogging. where all depressions in the map
material are identified, acquiring their actual volume allowing rain to fall on the model land surface
while not allowing forinfiltration into the ground or evaporation to the atmosphere is necessary. If
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these volumes are larger than 10and close to a road, they are considaasthreats (Hanssoat
al,2010).But in the analysis, some of the depression areas are less tharHb@raver theyhave the
incapability of holding the rwoff volume that exerts byheir catchment, which caused them to
overflow. Depression areas which area overflow by the smallest precipitation rate tigler risk

of creating flooding, stormwateumoff, and water saturation (Nielsext al, 2011)In Akaki Kality

there are depssion areas that area overflow by the lowest precipitation intensity of 0.146mm/hr.
These areas have an actual voluapacity thats very lowto hold the runoff volume exid by their
catchment or the volume thatgained by the precipitation intensity the site. The second level is a
calculation of rain sensitivity for each individual depression. It is done by assuming no drainage from
depressions and assuming imperhiks of the catchment of 20, 40, 50, 60, 80 & 100%. In this ,way

a risk map cabe drawn showing the amount of precipitation needed to filljomg areas Hansson

et al,2010).By usingtherational method of finding the peak runoff rate and the fuwwtime of the
catchment areasunoff volume towards the depression spots, figk areaswere identified. By

taking the most infiltrated coefficient these depressions that have a higher risk to overflow with 0.146
mm/hr, 3.096 mm/hrand 8.016 mm/hr ding different seasonal factors. While select@ase study

area the catchmenharacter, the overall peak runoff volume, and the infrastructure damage it exerts
on that area takes into consideration. In the case area of Akaki Kaligitguthe totalcatchment
stormwater runoff volume is much higher than the depression area ®wotuale found in that
catchment. Tis leads to the overflow of the stormwater runoff direct to the local coble stone street
causing degradation.

The design of curb extensitias a major significandga controlling the stormwater runoff that ocsur

on the ge. When designing curb extension, the site surface character (infiltratiortmet®fal area

of the site, rainfall intensity of the sjtend the slop of the site takerio considerationWise, 2008).

The designed curb moposedn the local straef Akaki kality arealt has a coble stone layer having

a 0.7 runoff coefficient within 811.2m2 as a total are#hefcase site. The designed curb extension in

the case area has the tendency of controlling the stormwater runoff thas docimg the hghest
precipitation rate of monthly rainfall, which takesagonsideration of the intensity duration frequency
curve (IDF data) of Addis Ababa atmaximum of 10 yea of recurrence interval. Considering the
principles on designing the curb extensithe A Code f or Design of Ur b
i mpl emented in China, requires: AThe design o
5 year s Theurban cutdoerdtaitage design specification standard can only withstand rain
of 27- 33 mm/h or 100 mm/24 hours. Faceih sudden heavy rains, such a huge amount of rainfall
exceeds the design standard for drainage pipelines, so it is too late largksceasily making
waterloggingin the city Vang, 2018).n the design based on theladated runoff volume that
occurred on the site and th@nthly rainfall intensity of Addis Ababa city based on Addis Ababa Bole
observatory center from IDF curve dahe design considers 2, &d 10 years of storm duration
recurrence interval, the dgsi taking the site rainfall intensity of 8.016 mm/hr of the wet season and
30 mm/hr and 36 mm/hr of 2 and 5 years respectiielen if the 5 years recurrence interval
precipitation rate exceeds thbovestandard the design can manage it through infittnatretention

and evapotranspiration technigues with the help of the sizing of the curb element. But considering the
maximum 10 years recurrence interval the desige a small amount of overflow but the excess
stormwater runoff is managed to be suluthieethe side drainage facility.
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In the design process, site analysis negdednapping, measuringstreet dimensionsin order to
estimatethe room available for retrivftreatment areaandsections of street righif-way dimensions
should be measureithat helps to know the fitted size of the curb to ameigiht-of-way width,

vehicular travel way and lane widths, curb and guttdth andutility structureswidths likemanholes,
waterline access points, underground power and gas lines, and cableR@ulEO15).

Considering this design of curb extensfanility sizing first step is the coble stone area removal from

the total area of 811.2m2 subtracting the total curb area 22.8 m2 it leaves 788.4m2 of untouched coble
stone area while using 3&f6the totalarea for infiltration purpose. AccordingtotheyCit of Por t | &
2004 Stormwater Management Manual (SWMM) specifies 6% or less for surface infiltration using the
ASi mpl i fi e d>alAgbgyr,20093Tlcelsine of the desiga curb extension tsto experience

the maximum rainfall rate it has a depthlo®1 m with 4.56 m2 area. And the curb design has a 1
meter side drainage facility which helps to amend the excess water Curb extensions are excellent to
use in steep slope conditions because they canact a fibackstopo f ohe cap
upsteam flow. For use in green street applications, curb extensions should have check dams installed
for street slopes over 2%. For street slopes over 5%, the interior of the curb extensions should be
adjoinal with check dams and act more as a series of ptaffabry et al, 20100n the design Slop

of the areds also considered the minimum slop taken is. 2&tthese site caseit has a degrading
character fronthenorth of the site to the south. So, t@alinlet water runoff in the curb check dams

are neded which are equal to the buopt width of the curb from the road to slow down the speed

of the runoff into the curb itself. Also, there are outlet phdscan feed the outflow volume to the
gutter. And the drainage inletare covered by metallic mesto avoid derbies and other blocking
materials not to inter the drainage facility. But through time these curb extensions need to be
maintained. According tBthiopian roadAuthority theroads drainageblocked by derbies trashes and
sediments witch cause flooding on the surface of the road. Those roads lack maintenance to remove
these constraints. So, in the application of curb extension the problem can occur, besides it has its
Owen vegetation that autes plant derbies inside the curb, blocking the outflow or blocking the
drainage in lateMaintenance to remove plant derbies, trash, sediments at inlets and at the edge of the
curb is needed. Inspecting for structural damage also mingthev it is on is 100% level of
performance, or the storm runoff casisertain degradation.

To know the performance and efficienafycurb extension desigit is critical to quantify the benefit

of the facilities incorporated and considered in the curb dg$igiiagter, 2009). Vegetatedurb
extensions show potential and constant assessment is recommended. Performance is summarize
below in regards to thepecific objectives., which include peak flow reduction and flow volume
reduction. Peak flows were essentiallyrehated for both design storms, with outflows within the
range of dry weather flows seen at the monitoring location on days without rain. a minimum 60%
reduction in peak flow, and would provide protection for a majority of local basements regardless of
theinfiltration rate is neede@allagher, 2009 onsidering the design of the curb extension, choosing
the maximum intensity of rainfall the peak runoff reduced from 22.895 m3 to 0.D82king 22.81

m?® which is 95% of the peak runoff volume is managgthie designed curb extension. And for flow
volume reduction: The combination of facility volume and infiltration was able to capture a vast
majority of each design storm. Volume reduction for then@dr storm is more closely tied to
infiltration rate, wth higher rates providing greater reductions. However, even with very low
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infiltration rates the facility would retain 20% of the total runoff volume and provide a measurable
benefit to CSO contrqiGallagher, 2009)The use of these facilities could gigateduce the amount

of stormwater volume reaching the future CSO tunnel system. Infiltration rates at this facility were
excellent, even during saturated conditions. This ensures that the facility will be ready for subsequent
storms and eliminates the mefr vector control (because extended periods of standing water are
unlikely (Gallagher, 2009)In the design by incorporating a certain layer of elements in the depth of
the curblnfiltration, retention and evapotranspiratitechniquesuised as a hydrofpcal performing
element to decrease not only the flow volume of the peak runoff better to attain the waterlogging
problem. By considering the void ratio of the layer elements in the curb (sand and gravel), by
considering the evapotranspiration of a plénta(in my design case simple grass)d by having a

slight area of ponding the inflow stormwater gradually distributed to the ground and its amount
reducedThe curb design retasrat the maximum intensity of rainfall by 62% of its inflow volume.

Generdly , the idea of a combination of Adi scharg
ideologies for urban waterlogging management. Especially in some cities where urban drainage
systems have been established and {acg¢e renovation is not availabteée construction of urban
discharge and storage system is one of the most important measures to deal with excessive rainfall
(Wang, 2018)So, the design with the retention ability that will minimize the waterlogging problem

by maintaining these requiramis of the curkeitheratthe design level or othe application level of

the groundthe curb will effectively reduce the calculated runoff volume to the minimum and decrease
the waterlogging problem on the site.

63



Chapter VI: Conclusion and Reommendation

6.1. Conclusion

With the development of citieBom time to time andthe increasing urbanization rate globally,
experiencinga high rate of storm runoff volume going to be common. Roads and their drainage
facilities are the mjar impacted areadue to these runoff volumes and the water accumulation on the
surface.The study has tried to solve the problems of waterlogging and storm runoff on the site
considering the catchment character of the area. To point out the major @tblareas in Add

Ababa, Wet spot analysis with respect to flooding and overflow areas taken place. These studies were
done using hydrological analysis of computer tools and field inspection. During these analyses, blue
spot areas of Addis Ababa idergidi more of to theouth and western region of the city. considering

the vast area coverage and the hydrological aquifer character of the city, Akaki Kality area has a higher
risk of stormwater runoff and waterlogging problems. Within the baginegx1) that are in Akaki

kality subcity, wet spot areas were found. These areas are analyzed based on the actual volume ano
based on the peak runoff rate that the catchment they are in. As the smaller volume depressions they
have, wet areas experience a higlgk of overflow.Depending on the severity of possible conflicts
between the blue spot and tsieeet the level of investigation can be expanded to analyzeain
sensitivity of individual blue spotpeak runoff rate and peak runoff volume. The blu#(siepression)

area has the risk of overflow and has a high waterlog effect with the minimum precipitation selected
as a case area. The site catchment area where the depression was found has an actual vofume of 3 r
of the depression area and a total rimofume of 71.82 n? of the total catchment.

To avoid overflow of stormwater runoff and waterlogging effect, a sustainable stormwater
management system is designed. The sustainable design (curb extension) helps to minimize the
overflow that occurs ithe site and it haa tendency of minimizing the level of saturation caused by
the overflow through retention, infiltrations, and evapotranspiration. The curb extension was designed
in consideration of the maximum runoff volume on the site during the e&stoa and the storm
duration recurrence interval of monthly rainfall intensity of Addis Ababa city. So, given the area of
the site 811.2 /o control the runoff volume 5 curb elements were proposed with an area of4.56m
and depth of 1.01 m for each elemesince the desigis proposedasedon the risk analsis of the

area peak runoff rate and eanoff volume on different catchment states, choosing the highest runoff
volume on the area and the highest intensity of precipitation, it can serve td tentraximum rate

of volume intake in the siteshich is 22.895  In this casethe design is not affected by seasonal
rainfall intensity changes and flood occurrence that affect the road infrastructure.

The designed curb extension manages the amounflofv volume not aly to avoid stormwater

runoff but also to decrease water saturation caused by the overflow. By using the hydrological
character (infiltration and porosity level) of the elements that are incorporated into the design, it solves
the prollem of waterloggingn the area. The design curb has a total retaining capacity of 14.336 m3
having a maximum of 8.477 m3 of water released to the side drainage facility. Considering this
retention capacity, the design curb has the ability to retain 62tBe enaximum runoffrolume that
entered in the curb element. And since the intensity of the precipitation rate decreases within different
storm duration recurrence interval timing of 2 and 5 years, the curb has an efficiency of managing the
maximum runoffvolume on the siteffectively.
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Generally, the designed curb extension has a higher impact to minimize and control the damage that
occurred on the infrastructure caused by an uncontrolled runoff volume and overflow majorly caused
by the effect of urbanizen. Since the degh incorporates a green element to minimize the outflow,

the vegetation can provide a green street providing better environmental performance while creating
an attractive and safer environmefo the proposed desigontrols the overbkcatchment volume
boosting the appearance and livability of the neighborhoollide upgraded drainage systebys
improved monitoring of water levéb address the lowastreams.

65



6.2. Recommendations

The applicability ofGreen infrastructurdelpsto maragestormwater andto create healthier urban
environments. At the scale of a city couatyneighborhoothese sustainable stormwater management
techniques is more effective and can be applied througtimi time by creating sustainable
management of stomvater using a natural performance design. Application of this sustainable
stormwater management system on a wider scale with further studies is recommended.

At the city scale:

T

In the hydrological Analyis of Addis Ababa city, many local depressions nedetoonsidered

and analyzed deeply considering their minimum actual volume and their higher possibility to
be overflooded by their catchment runoff volume. Which leads to infrastructure damage.
These hlle spot areas need to be measured in deeper levdutioe road and other
infrastructure construction purposes.

The design of sustainable curb extension should have to be given as a guideline on the road
constructions considering its provisionflwiod protection, cleaner air, and cleaner water.
Consideringthe slo of Addis Ababa there are many low land areas with the same problem
of storm management and waterlogging. These types of swillié® a good opportunity to

look into the waterlogging prolie deeply byfellow researchers.

Other research can bmade not only on the retention and the infiltration capacity of the
sustainable curb extension but for further research its cooling effect, aesthetic performance,
traffic calming performance, can bensidered as apart of planning and practice.

For the cae study area scale

T

T

The curb performance can be tested with an experimental application on the ground to acquire
the best results of its efficiency by obtaining a certain budget for theprockss.

Considering the further research of the design it cae gconomic value to the community

and enhancement the surrounding neighborhood wellbeing.

By increasing the scale of sustainable storm management, it has a possibility of managing the
hydrological balance of the basins which may include quality of whsditat expansion, and

other facilities in the area.
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Annex_1

TableA-1:Actual Volume Value of depression areas in Akaki Sub City respibetit®asin

Basin FID Sub Basin Id gridcode Area(sgm) Areain Ha perimeter(m) Longitude Latitude water_leve Actual Vol m3 Surfac Area of dep. in sqg m B.Spot No
Basin 48 1158 1502 291 98440.36 9.844 1380.21 38.8 9.0 2246 3 2.05 133
2246 4 3.118 | 134
1242 1594 281 88144.08 8.814 1364.81 38.8 8.9 2228 2 1.398 131
1262 1615 273 107671.35 10.767 1865.04 38.8 8.9 2210 1 1.024 | 66b
1267 1620 279 61080.36 6.108 1251.43 38.8 8.9 2220 2 1.533 | 130
1354 1729 196 158838.74 15.884 2405.45 38.8 8.9 2130 0 0 62a
2130 0 0 | 64
2130 0 0 65
1359 1735 179 61170.57 6.117 1231.23 38.8 8.9 2196 1 2.241 | 62b
1360 1736 180 101703.96 10.170 1938.70 38.8 8.9 2198 1 0.746 | 63
1378 17e 191 96183.92 9.618 1752.14 38.8 8.9 2170 2 1.369 | 61
1408 1803 189 84928.47 8.493 1535.13 38.8 8.9 2184 6 12.758 | 60
1411 1807 185 56294.73 5.629 1191.49 38.8 8.9 2180 1 1.447 | 59
1428 1832 186 79036.66 7.904 1232.55 38.8 8.9 2181 0 0.868 | 58b
1431 1836 161 179124.20 17.912 1978.80 38.8 8.9 2167 3 3.841 | 45
1432 1837 173 63502.04 6.350 1197.12 38.8 8.9 2169 1 0.8 47
1438 1844 182 114121.63 11.412 1794.08 38.8 8.9 2184 3 4.844 | 55
2186 1 0.808 | 56
2184 1 0.849 | 58a
1444 1852 176 213251.27 21.325 2200.51 38.8 8.9 2185 5 4.227 | 50
2174 2 2.906 | 52
2182 1 0.797 | 53
2185 4 3.971 | 54
1452 1863 145 51942.98 5.194 990.50 38.8 8.9 2161 2 1.092 | 42a
1458 1870 143 56720.75 5.672 1360.85 38.8 8.9 2165 3 1.575 | 44
1469 1887 152 168442.12 16.844 2249.35 38.8 8.9 2185 1 7.954 | 48
2185 2 1.085 | 49
1483 1903 142 104295.46 10.430 1715.39 38.8 8.9 2164 1 1.806 | 42b
2160 16 9.833 | 43
1499 1924 125 79732.01 7.973 1242.44 38.8 8.9 2166 6 5.8 19
1501 1926 146 104875.75 10.488 1639.98 38.8 8.9 2177 3 2.751 17
2177 9 8.362 18
1504 1929 148 101496.28 10.150 1813.18 38.8 8.9 2181 1 2.732 16
1511 1939 111 138388.22 13.839 2170.16 38.7 8.9 2155 1 0.625 | 9
2155 1 0.452 10
1513 1941 115 277841.21 27.784 2766.00 38.7 8.9 2198 23 54.7 20
1514 1942 100 68217.83 6.822 1422.92 38.8 8.9 2175 2 1.17 14
1519 1948 113 96528.43 9.653 2246.21 38.8 8.9 2173 5 5.357 | 15
1523 1954 114 56628.26 5.663 1270.35 38.8 8.9 2157 2 1.806 | 8
1543 1989 97 189887.81 18.989 2283.81 38.8 8.9 2162 6 272 | 7
1546 1993 98 85553.37 8.555 1423.61 38.8 8.9 2139 5 4.367 | 5
2139 3 2.555 | 6
1557 2005 3 96982.55 9.698 1507.19 38.7 8.9 2130 1 0432 | 1
Basin 49 922 1271 1006 96353.39 9.635 1592.04 38.8 8.9 2200 2 1.612 | 239
939 1303 1002 115945.66 11.595 1783.51 38.8 8.9 2196 1 0.54 240
945 1310 880 115774.54 11.577 1700.43 38.8 8.9 2214 6 6.471 | 611
951 1319 908 69282.21 6.928 1388.99 38.8 8.9 2215 1 1.45 601
954 1323 991 37506.49 3.751 1042.90 38.8 8.9 2166 1 1.334 | 242
960 1332 882 55397.00 5.540 1074.05 38.8 8.9 2218 2 2.66L 612
964 1338 883 63042.93 6.304 1219.40 38.8 8.9 2217 1 2.106 | 613
2209 0 0.491 | 614a
968 1344 905 49366.14 4.937 1116.22 38.8 8.9 2221 1 1.546 | 604
972 1349 904 130268.84 13.027 1736.88 38.8 8.9 2222 1 1.431 | 603
2222 2 2.309 | 607
978 1356 827 134137.55 13.414 1968.72 38.8 8.9 2216 3 3.696 | 615
979 1357 906 52213.14 5.221 1186.26 38.8 8.9 2219 1 1.277 | 602
986 1366 995 316454.11 31.645 3594.69 38.8 8.9 2225 4 2.95 238
987 1369 815 87430.48 8.743 1217.22 38.8 8.9 2202 3 2.177 | 625
990 1373 998 276086.17 27.609 3058.23 38.8 8.9 2212 1 0.541 | 241
994 1377 823 126021.46 12.602 1978.28 38.8 8.9 2213 2 1.273 | 616
997 1381 810 98987.89 9.899 1847.93 38.8 8.9 2196 2 3.253 | 626
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998 1382 751 60430.70 6.043 1033.79 38.8 8.9 2222 0 0.95 | 605
2222 1 2.046 | 606
999 1383 938 57177.15 5.718 1287.59 38.8 8.9 2216 1 1.705 | 535
1000 1384 798 88788.19 8.879 1561.73 38.8 8.9 2187 1 1.165 | 627
1002 1387 748 78407.20 7.841 1304.6 38.8 8.9 2219 1 1.384 | 608
1013 1402 785 189236.84 18.924 2335.84 38.8 8.9 2174 7 6.922 | 632
1015 1404 745 74313.33 7.431 1458.73 38.8 8.9 2226 2 3.702 | 548
1019 1408 784 284928.92 28.493 2468.69 38.8 8.9 2173 3 2.151 | 225
1023 1412 927 7330607 7.331 1636.21 38.8 8.9 2222 0 0.77 | 547
1024 1413 928 85207.53 8.521 1704.36 38.8 8.9 2223 2 4.55 | 545
1025 1414 779 69184.98 6.918 1050.76 38.8 8.9 2186 1 1.821 | 243
2186 5 9.691 | 244
1026 1415 778 53081.99 5.308 1035.53 388 8.9 2179 1 1.974 | 245
1029 1419 945 197601.68 19.760 2978.25 38.8 8.9 2242 3 3.125 | 519
2242 1 0.701 | 520a
2227 3 1.936 | 523
2234 1 1.107 | 524
1030 1420 735 208551.11 20.855 2402.09 38.8 8.9 2221 3 4.827 | 609
2221 1 1.402 | 610
1035 1426 929 146271.63 14.627 2275.69 38.8 8.9 2224 2 4.123 | 544
1038 1429 783 74585.91 7.459 1410.77 38.8 8.9 2169 3 2.804 | 631
1040 1432 775 67821.28 6.782 1096.09 38.8 8.9 2170 2 2519 | 246
1041 1433 731 95657.52 9.566 1516.99 38.8 8.9 2213 1 1.682 | 621
2208 4 4.89 | 633
1043 1435 931 212997.03 21.300 2713.27 38.8 8.9 2226 4 2.557 | 536
2226 2 1.831 | 541
2226 1 1.015 | 542
2226 1 1.072 | 543
1044 1436 937 168037.07 16.804 2667.46 38.8 8.9 2231 0 0.388 | 525
1047 1441 730 68101.94 6.810 1400.00 38.8 8.9 2197 0 0.676 | 622
1049 1443 765 191383.98 19.138 2862.22 38.8 8.9 2190 1 0.59 [ 628
1051 1445 739 1510¢7.37 15.107 2007.70 38.8 8.9 2224 4 6.043 | 549
2211 1 246 | 552
1055 1450 725 157041.09 15.704 2283.82 38.8 8.9 2216 1 2.483 | 619
1058 1454 781 70998.69 7.100 1321.93 38.8 8.9 2185 3 7.607 | 247
1060 1456 769 114268.89 11.427 2085.84 38.8 8.9 2187 2 197 | 251
1064 1461 716 140273.68 14.027 2077.96 38.8 8.9 2195 1 0.871 | 624
1065 1462 718 250766.39 25.077 3067.83 38.8 8.9 2214 1 1569 | 617
2214 0 0.647 | 618
1068 1467 721 48837.57 4.884 921.36 38.8 8.9 2183 0 0.471 | 623
1070 1469 332 128757.49 12.876 1851.01 38.8 8.9 2217 1 1.089 | 532
2217 1 1.096 | 533
2218 2 3.05 | 534
1072 1471 354 101592.40 10.159 1529.35 38.8 8.9 2241 2 3.084 | 517
1074 1475 708 104255.78 10.426 1817.94 38.8 8.9 2184 2 3.661 | 629
1076 1477 330 109573.04 10.957 1849.57 38.8 8.9 2220 2 2.782 | 538
1078 1481 331 88768.59 8.877 1403.14 38.8 8.9 2209 1 0.896 | 537
1079 1482 333 145342.59 14.534 1884.63 38.8 8.9 2216 0 0.629 | 531
1084 1488 350 89494.83 8.949 1865.00 38.8 8.9 2239 0 1.199 | 518
1085 1489 773 129035.50 12.904 1844.83 38.8 8.9 2180 2 246 | 248
1089 1496 758 86076.64 8.608 1790.90 38.8 8.9 2172 2 1.537 | 630
1092 1499 346 125559.87 12.556 1915.81 38.8 8.9 2239 0 0.643 | 520b
2231 0 0.308 | 526
1097 1505 343 161899.10 16.190 1648.55 38.8 8.9 2221 0 0.466 | 527
1098 1507 709 106041.78 10.604 1606.19 38.8 8.9 2166 2 2.517 | 600
1102 1512 319 78177.38 7.818 1628.70 38.8 8.9 2218 2 3.259 | 539
1103 1514 339 104858.72 10.486 1796.91 38.8 8.9 2223 2 2.566 | 529
1109 1520 715 73425.43 7.343 1455.28 38.8 8.9 2180 1 2.05 | 597
1110 1521 720 54876.94 5.488 1187.61 38.8 8.9 2189 0 0.695 | 596
1112 1524 335 78615.99 7.862 1414.24 38.8 8.9 2217 3 4.425 | 530
1117 1530 320 236961.39 23.696 2831.00 38.8 8.9 2226 3 4.541 | 540
2226 1 1.167 | 550
2226 1 1.565 | 551
1124 1538 695 79650.45 7.965 1359.91 38.8 8.9 2209 1 3.373 | 592
1127 1542 770 120315.19 12.032 1680.07 38.8 8.9 2181 1 1.835 | 252
1129 1544 696 171146.00 17.115 2001.75 38.8 8.9 2215 1 1.08 | 557
2215 2 2.256 | 558
1132 1548 303 76825.29 7.683 1347.70 38.8 8.9 2219 2 3.326 | 554
1133 1549 348 69413.46 6.941 1150.14 38.8 8.9 2232 1 0.252 | 487
1134 1550 352 325085.98 32.509 3372.39 38.8 8.9 2261 8 5.887 | 484
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2239 1 0.489 | 486
1137 1553 304 138030.23 13.803 1668.24 38.8 8.9 2221 4 4.948 | 553
1140 1557 340 98505.80 9.851 1982.59 38.8 8.9 2224 1 2.111 | 493
1141 1560 325 80478.33 8.048 1369.24 38.8 8.9 2211 2 2.19 | 501
1143 1563 469 117477.89 11.748 1701.80 38.8 8.9 2257 1 1.072 | 483
1144 1564 639 143242.62 14.324 1728.80 38.8 8.9 2187 0 1.217 | 249
1145 1565 640 75261.49 7.526 1284.27 38.8 8.9 2188 1 1.022 | 250
1146 1566 761 114464.69 11.446 1989.04 38.8 8.9 2177 3 5.723 | 259a
1148 1569 688 48606.22 4.861 1612.65 38.8 8.9 2197 0 0.551 | 593
1150 1572 689 118583.79 11.858 1661.49 38.8 8.9 2199 2 2.899 | 594
2197 1 1.478 | 595
1151 1573 698 121138.66 12.114 1993.37 38.8 8.9 2187 2 1.204 | 599
1152 1575 316 76204.39 7.620 1352.15 38.8 8.9 2208 1 1.536 | 555
1153 1576 345 240488.57 24.049 3155.53 38.8 8.9 2231 1 0.808 | 492
1157 1581 341 129644.08 12.964 1806.06 38.8 8.9 2229 1 0.93 | 494
1159 1583 756 77784.90 7.778 1648.65 38.8 8.9 2177 8 8.958 | 259b
1160 1585 693 102603.47 10.260 1549.01 38.8 8.9 2211 5 3.691 | 560
1168 1595 301 118566.93 11.857 1558.77 38.8 8.9 2210 1 1.336 | 559
1170 1598 638 94542.04 9.454 1557.22 38.8 8.9 2182 1 2.089 | 309
2184 5 5.498 | 310
1172 1600 612 84400.01 8.440 1335.95 38.8 8.9 2181 4 5.032 | 255
1178 1608 754 95970.60 9.597 1620.01 38.8 8.9 2177 7 5.508 | 260
2177 0 0.44 | 261
1183 1613 691 76571.40 7.657 1686.58 38.8 8.9 2205 1 1422 | 563
1185 1615 322 106807.67 10.681 1634.34 38.8 8.9 2220 1 0.162 | 500
1191 1621 687 55629.65 5.563 1077.59 38.8 8.9 2198 3 4.307 | 569
1193 1627 635 58775.54 5.878 1444.78 38.8 8.9 2181 1 1.088 | 256
1196 1631 644 100639.71 10.064 1782.91 38.8 8.9 2183 1 2.148 | 307
2183 0 0.769 | 308
1197 1632 682 197768.42 19.777 2195.54 38.8 8.9 2195 4 2.578 | 598
1200 1636 643 100418.07 10.042 1543.50 38.8 8.9 2180 3 4.125 | 305
2178 0 0.761 | 306
1204 1640 307 93794.09 9.379 1417.21 38.8 8.9 2200 1 0.764 | 556
1207 1643 692 83415.74 8.342 1381.35 38.8 8.9 2203 1 2.303 | 567
1209 1645 462 59890.05 5.989 1015.09 38.8 8.9 2235 0 0.556 | 482
1211 1648 315 202517.19 20.252 2538.67 38.8 8.9 2215 1 1.346 | 502
1217 1658 610 191380.65 19.138 3374.06 38.8 8.9 2180 4 3.827 | 253
2175 1 0.264 | 257
2171 1 0.242 | 258
1222 1663 460 91725.89 9.173 1811.08 38.8 8.9 2239 4 6.433 | 485
1226 1668 683 194208.43 19.421 2398.36 38.8 8.9 2202 2 1.683 | 568
2202 1 0.511 | 570
1229 1673 676 86555.10 8.656 1802.07 38.8 8.9 2171 1 0.858 | 265
2167 2 1.898 | 266
1234 1678 604 76221.40 7.622 1926.53 38.8 8.9 2132 2 1.416 | 264b
1235 1679 609 101145.18 10.115 1700.07 38.8 8.9 2179 4 5.497 | 262
2174 4 7.424 | 263
1236 1680 311 79223.87 7.922 1301.90 38.8 8.9 2215 2 4.616 | 503
2213 0 0.69 | 504
1239 1683 421 66072.56 6.607 1046.88 38.8 8.9 2218 3 4.693 | 497
2216 1 3.312 | 498
1247 1692 458 93544.13 9.354 1640.15 38.8 8.9 2232 1 0.544 | 488
2226 2 3.486 | 489
1252 1699 618 53361.93 5.336 1273.53 38.8 8.9 2130 2 2.4 | 264a
1259 1707 312 47316.37 4.732 943.81 38.8 8.9 2208 1 2.816 | 506
1264 1712 645 134921.49 13.492 2406.13 38.8 8.9 2178 1 129 | 304
1267 1715 296 265826.21 26.583 2591.96 38.8 8.9 2209 0 0.761 | 561
2209 1 1.24 | 562
1273 1722 617 226507.52 22.651 3167.70 38.8 8.9 2184 4 5.095 | 254
1274 1723 674 97183.37 9.718 1897.07 38.8 8.9 2167 1 1.358 | 267
2167 0 0.01 [ 268
1275 1724 292 122248.74 12.225 1800.65 38.8 8.9 2202 1 1.756 | 565
2199 1 1.248 | 566
1280 1731 619 65309.06 6.531 1259.37 38.8 8.9 2153 0 1.584 | 301
1283 1735 291 71436.58 7.144 1534.08 38.8 8.9 2199 3 3.881 | 571
1285 1737 454 324567.72 32.457 2879.43 38.8 8.9 2227 2 152 | 490
2207 1 1.671 | 491
1296 1752 299 104742.30 10474 1654.31 38.8 8.9 2196 1 1.254 | 509
1299 1755 672 61328.48 6.133 1372.92 38.8 8.9 2165 2 1.534 | 578
1303 1760 646 93044.93 9.304 1472.60 38.8 8.9 2178 0 1.634 | 302
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2178 0 1.35 | 303
1304 1761 602 88989.47 8.899 1338.39 38.8 8.9 2140 3 3.436 | 269
1305 1763 293 102394.86 10.239 2010.09 38.8 8.9 2187 -1 -1 510
2176 0 0.11 | 564
1309 1769 624 94649.74 9.465 2003.70 38.8 8.9 2178 1 0.902 | 300
1315 1776 430 61063.85 6.106 1184.25 38.8 8.9 2207 1 1.334 | 496
1321 1784 599 186305.28 18.631 2074.79 38.8 8.9 2133 2 1.164 | 270
1322 1785 287 91720.14 9.172 1924.05 38.8 8.9 2193 1 0.888 | 575
2187 0 0.492 | 576
1324 1789 455 82137.93 8.214 1620.14 38.8 8.9 2221 4 4.905 | 456
1326 1793 414 339504.25 33.950 4242.09 38.8 8.9 2228 2 2.855 | 495
2228 0 0.05 [ 499
1344 1812 626 133386.42 13.339 1548.04 38.8 8.9 2174 2 3.13 | 299
1356 1825 616 98904.36 9.890 2000.49 38.8 8.9 2171 3 146 | 297
1358 1827 409 125064.78 12.96 2281.08 38.8 8.9 2216 0 0.447 | 505
1368 1838 569 54604.05 5.460 1118.40 38.8 8.9 2135 2 1.662 | 276
1369 1840 369 192977.59 19.298 2374.55 38.8 8.9 2208 0 0.431 | 507b
2208 1 1.535 | 508
2187 2 1.888 | 511
1375 1846 407 96568.03 9.657 2033.19 38.8 8.9 2206 0 0.295 | 507a
1379 1850 658 213562.76 21.356 3047.09 38.8 8.9 2197 1 2.052 | 572
2197 1 1.044 | 573
1387 1859 281 222677.73 22.268 2741.81 38.8 8.9 2194 1 1.349 | 574
2174 2 1586 | 577
1390 1862 589 159198.80 15.920 1849.76 38.8 8.9 2137 4 3.228 | 271
2129 6 6.279 | 273
1397 1869 363 140731.50 14.073 1745.79 38.8 8.9 2184 1 0.959 | 512
2182 1 1.271 | 513
2178 1 2.669 | 514
1413 1887 591 47874.28 4.787 978.13 38.8 8.9 2111 1 1.085 | 298
1414 1888 572 56058.91 5.606 1209.30 38.8 8.9 2116 1 215 | 275
1426 1904 585 161455.57 16.146 2159.69 38.8 8.9 2181 2 159 | 295
2181 0 0.459 | 296
1428 1907 568 222764.09 22.276 2707.30 38.8 8.9 2140 3 3.092 | 272
2125 2 199 | 274
1429 1908 659 293453.83 29.345 3379.75 38.8 8.9 2181 5 3.079 | 580
2181 2 1.972 | 581
2174 4 3.323 | 582
1431 1910 277 73617.37 7.362 1218.88 38.8 8.9 2170 2 3.685 | 432
1436 1916 271 83316.16 8.332 1571.04 38.8 8.9 2172 0 0.146 | 579
2165 0 1.516 | 584
1437 1917 424 100171.11 10.017 1533.71 38.8 8.9 2212 0 0.552 | 452
1438 1919 428 193322.74 19.332 2326.62 38.8 8.9 2217 1 1.147 | 451
1439 1920 581 112657.87 11.266 2108.46 38.8 8.9 2163 0 0.392 | 289a
1447 1934 377 149982.45 14.998 2211.79 38.8 8.9 2213 0 0.185 | 448
1448 1935 415 132723.39 13.272 2210.15 38.8 8.9 2216 1 1.923 | 449
2216 0 0.126 | 450
1451 1939 556 52077.36 5.208 1093.84 38.8 8.9 2114 3 4.581 | 277
1452 1940 655 64688.83 6.469 1344.22 38.8 8.9 2162 1 2.606 | 587
1456 1944 439 65338.08 6.534 1360.33 38.8 8.9 2232 1 1.976 | 442
1461 1951 269 51894.89 518 1213.36 38.8 8.9 2163 2 2.177 | 586
1464 1954 367 78855.98 7.886 1587.59 38.8 8.9 2177 1 1.299 | 404
1470 1960 488 123596.51 12.360 2305.03 38.8 8.9 2253 1 1.275 | 455
1473 1963 567 122748.55 12.275 2456.05 38.8 8.9 2116 5 6.919 | 278
2119 2 4.19 | 290
1476 1968 653 54996.00 5.500 1382.69 38.8 8.9 2162 1 2.042 | 588
2162 3 2.993 | 589
1477 1970 359 108245.81 10.825 1444.33 38.8 8.9 2172 1 1.629 | 430
1479 1972 263 52244.11 5.224 1117.80 38.8 8.9 2158 0 0.49 | 591
1480 1973 270 81025.11 8.103 1507.73 38.8 8.9 2166 1 1.315 | 585
1481 1974 397 51559.67 5.156 1131.65 38.8 8.9 2215 0 0.721 | 447
1482 1975 398 65403.59 6.540 1235.24 38.8 8.9 2219 0 0.12 [ 445
2218 1 1492 | 446
1483 1976 273 78053.10 7.805 1608.85 38.8 8.9 2175 0 0.528 | 431
2172 1 2.09 | 433
1484 1979 651 99342.58 9.934 1583.51 38.8 8.9 2158 1 1.308 | 590
1488 1983 587 171707.24 17.171 2159.52 38.8 8.9 2176 1 1.248 | 294
1491 1987 403 76030.46 7.603 1272.59 38.8 8.9 2224 1 2.064 | 443
1493 1989 576 111825.77 11.183 1827.88 38.8 8.9 2124 5 6.226 | 291
2128 1 1.796 | 292
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1495 1992 381 58941.44 5.894 1137.75 38.8 8.9 2196 0 0.11 | 401b
1496 1993 400 65932.23 6.593 1590.33 38.8 89 2223 2 3.035 | 444
1507 2005 492 151219.72 15.122 1656.76 38.9 8.9 2269 3 3.633 | 454
1509 2007 266 138359.22 13.836 1579.46 38.8 8.9 2156 1 2.53 | 437
1512 2014 583 161607.45 16.161 2306.31 38.8 8.9 2163 3 9.32 | 293
1516 2019 256 57142.66 5.714 1084.32 38.8 8.9 2166 1 1.321 | 436
1518 2021 365 115205.03 11.521 1825.63 38.8 8.9 2202 1 1.827 | 400
2200 1 1.24 | 403
2190 0 0.485 | 405
1519 2022 561 98977.41 9.898 1738.50 38.8 8.9 2160 1 0.857 | 280
1522 20% 578 101871.58 10.187 1424.16 38.8 8.9 2163 0 0.858 | 288b
2163 1 1.549 | 289%b
1525 2029 267 51717.41 5.172 1089.65 38.8 8.9 2153 4 4.92 | 438
1527 2031 121 91099.88 9.110 1368.01 38.8 8.9 2186 0 0.945 | 407
1528 2032 123 122837.51 12.284 1712.06 38.8 8.9 2192 6 9.618 | 406
1529 2033 364 148641.69 14.864 2251.58 38.8 8.9 2203 2 2.568 | 397
2201 1 1.648 | 398
2198 0 0.452 | 402
1532 2036 552 66082.91 6.608 1042.70 38.8 8.9 2162 3 4.876 | 279
1535 2039 255 143389.82 14.339 2226.63 38.8 8.9 2170 1 1446 | 434
1537 2041 222 182857.92 18.286 2445.79 38.8 8.9 2236 4 1.617 | 377
1539 2045 387 102043.47 10.204 1731.88 38.8 8.9 2197 0 0.51 [ 453
1543 2049 203 72048.21 7.205 1423.35 38.8 8.9 2213 1 1.677 | 380
2213 1 1538 | 381
1544 2050 564 57285.12 5.729 1270.51 38.8 8.9 2164 1 1.008 | 282
1547 2053 386 73437.66 7.344 1446.07 38.8 8.9 2205 1 1.481 | 390
1551 2057 153 66049.61 6.605 1325.52 38.8 8.9 2203 5 5.752 | 399
1552 2058 383 136718.04 13.672 1740.04 38.8 8.9 2203 1 2.118 | 396
2192 0 0.389 | 40la
1554 2060 565 70394.22 7.039 1325.38 38.8 8.9 2159 1 2.892 | 281
1557 2064 253 66884.60 6.688 1107.95 38.8 8.9 2149 1 1.178 | 439
2140 1 1.306 | 441
1559 2066 251 56564.25 5.656 1452.08 38.8 8.9 2144 1 1.426 | 440
1561 2070 124 68988.68 6.899 1216.65 38.8 8.9 2173 1 1.269 | 415
2175 1 1.778 | 416
1562 2071 60 62277.62 6.228 1304.57 38.8 8.9 2163 3 4.965 | 286
2163 0 157 | 288a
1563 2072 59 52187.14 5.219 981.80 38.8 8.9 2164 0 0.54 | 285
1564 2073 58 69521.65 6.952 1373.76 38.8 8.9 2162 2 3.817 | 287
1575 2092 56 144314.78 14.431 1843.66 38.8 8.9 2169 1 1.166 | 283
2166 1 0.781 | 284
1577 2094 120 366843.44 36.684 3880.51 38.8 8.9 2168 3 1.869 | 418
1580 2097 249 48268.68 4.827 1233.75 38.8 8.9 2134 1 0.782 | 420
1581 2098 200 102560.68 10.256 1702.69 38.8 8.9 2203 1 1.152 | 384
1585 2103 125 236799.71 23.680 3203.53 38.8 8.9 2177 2 1733 | 417
1586 2105 202 64643.35 6.464 1244.33 38.8 8.9 2208 0 0.766 | 383b
1589 2108 201 116952.45 11.695 1876.43 38.8 8.9 2212 1 1.696 | 378
2212 2 2.787 | 382
2207 0 0.991 | 383a
1590 210 224 117679.69 11.768 1856.15 38.8 8.9 2329 1 1.604 | 375
1592 2113 174 133167.99 13.317 2057.53 38.8 8.9 2206 3 3.97 | 391
2206 1 1313 | 392
1595 2116 78 77436.69 7.744 1557.41 38.8 8.9 2160 1 1.064 | 311
1597 2120 245 73110.06 7.311 1575.86 38.8 8.9 2135 5 2.872 | 424
1605 2129 118 88874.58 8.887 1679.07 38.8 8.9 2140 1 1.117 | 419
1610 2134 117 147389.39 14.739 2036.78 38.8 8.9 2145 0 0.556 | 413
2158 1 1.201 | 414
1615 2140 164 90796.53 9.080 1586.18 388 8.9 2188 3 3.061 | 393
1623 2149 115 159505.82 15.951 2719.12 38.8 8.9 2150 0 0432 | 411
2145 0 0.154 | 412a
1624 2150 137 149497.43 14.950 2617.80 38.8 8.9 2168 1 1.05 | 408
1625 2151 146 96708.90 9.671 1960.98 38.8 8.9 2170 1 1648 | 395
1628 2156 199 108187.00 10.819 1750.69 38.8 8.9 2202 1 1.354 | 379
1629 2157 232 432083.76 43.208 3432.07 38.8 8.9 2105 1 0.432 | 315
1633 2163 172 128519.84 12.852 2277.69 38.8 8.9 2199 1 1.717 | 385
1635 2165 96 109548.17 10.955 1671.8 38.8 8.9 2134 1 0.77 | 421
2129 0 1.413 | 422
1637 2167 165 47671.46 4.767 1232.38 38.8 8.9 2173 1 1531 | 394
1638 2168 77 110315.17 11.032 2454.43 38.8 8.9 2158 5 3.042 | 312
1645 2177 214 117242.62 11.724 1706.58 38.8 8.9 2218 1 0.708 | 376
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1651 2185 112 120859.49 12.086 1821.26 38.8 8.9 2123 1 2.345 | 423
1653 2188 45 77263.86 7.726 1744.11 38.8 8.9 2134 1 0.546 | 313
1656 2191 26 89478.14 8.948 1566.11 38.8 8.9 2108 2 2.902 | 318
1665 2204 126 86773.25 8.677 1331.59 388 8.9 2129 3 3.676 | 410
1670 2210 28 192179.61 19.218 2458.21 38.8 8.9 2172 2 1522 | 314
1674 2218 90 74049.74 7.405 1325.75 38.8 8.9 2112 0 0.745 | 425
1676 2224 145 70738.74 7.074 1240.13 38.8 8.9 2151 1 1.635 | 409
1678 2226 108 61276.96 6.128 1048.58 38.8 8.9 2115 0 1.414 | 427
2113 2 3.368 | 428
1680 2229 158 48977.79 4.898 1182.71 38.8 8.9 2150 0 0.899 | 388
1684 2233 195 76633.46 7.663 1553.42 38.8 8.9 2184 3 2.735 | 386
1685 2234 94 144998.09 14.500 1895.23 38.8 89 2122 1 1.324 | 426
2118 4 4.007 | 429
1686 2235 206 58200.74 5.820 1010.15 38.8 8.9 2194 1 1.409 | 373
1694 2245 129 37801.79 3.780 916.77 38.8 8.9 2122 1 1.701 | 359
1695 2246 155 49844.74 4.984 1305.65 38.8 8.9 2138 1 1.117 | 389
1697 2249 74 102329.96 10.233 1852.71 38.8 8.9 2114 2 1.598 | 316
1700 2253 211 84922.87 8.492 1610.06 38.8 8.9 2192 1 283 | 374
1701 2254 27 89288.37 8.929 1491.42 38.8 8.9 2112 3 4.301 | 317
1704 2258 189 69108.19 6.911 1325.16 38.8 8.9 2151 1 1.463 | 387
1716 2271 134 72101.72 7.210 1180.40 38.8 8.9 2143 6 16.04 | 360
1726 2285 186 61358.36 6.136 1617.13 38.8 8.9 2148 1 124 | 372
1728 2288 142 98528.37 9.853 1473.44 38.8 8.9 2148 1 2.299 | 361
2152 0 1.122 | 362a
2145 2 1.848 | 363
1729 2289 156 114455.80 11.446 1621.71 38.8 8.9 2154 1 1.114 | 362b
1732 2292 106 152397.51 15.240 2090.53 38.8 8.9 2130 4 5.586 | 357
2113 1 3.692 | 358
1734 2294 180 65931.88 6.593 1211.41 38.8 8.9 2149 4 6.961 | 364
1736 2296 228 77662.74 7.766 1509.12 38.8 8.9 2158 0 0.768 | 368
1740 2301 227 34449.93 3.445 975.53 38.8 8.9 2153 0 0.545 | 365b
1741 2305 25 159158.18 15.916 2098.21 38.8 8.9 2099 3 3.545 | 320
1742 2306 101 86411.90 8.641 173564 38.8 8.9 2129 5 5.999 | 356
1745 2309 98 83650.52 8.365 1525.34 38.8 8.9 2102 1 1.035 | 354
1746 2310 43 434595.02 43.460 3087.04 38.8 8.9 2097 3 2.537 | 319
1748 2312 100 113746.12 11.375 1448.87 38.8 8.9 2104 0 0.9 | 355
1750 2314 44 67218.22 6.722 1248.01 38.8 8.9 2087 1 0.901 | 321
2081 2 3.13 | 324
1755 2319 183 155921.50 15.592 2061.35 38.8 8.9 2154 0 0.449 | 365a
2157 1 0.821 | 366
2159 1 1.887 | 367
1756 2320 230 114874.33 11.487 1556.54 38.8 8.9 2168 1 1.547 | 371
1761 2325 229 61048.93 6.105 1225.56 38.8 8.9 2159 0 0.667 | 369
1766 2331 231 117427.96 11.743 1344.20 38.8 8.9 2160 1 1.219 | 370
1768 2333 22 119737.20 11.974 1746.45 38.8 8.9 2078 1 1.408 | 323
1770 2335 37 102588.91 10.259 1364.12 38.8 8.9 2071 1 0.255 | 350
1771 2336 23 199670.95 19.967 2116.64 38.8 8.9 2084 1 1.073 | 322
2081 3 3.542 | 325
2079 0 0.823 | 326
2078 2 2.238 | 328
1772 2337 66 127930.65 12.793 1917.90 38.8 8.9 2085 2 1.168 | 353
1773 2338 64 100105.39 10.011 1800.19 38.8 8.9 2072 2 3.434 | 351
1774 2339 42 131980.51 13.198 1659.62 38.8 8.9 2078 1 1.368 | 327
1775 2340 67 76333.16 7.633 1190.85 38.8 8.9 2073 5 7.571 | 352
1777 2342 34 77157.25 7.716 1439.58 38.8 8.9 2071 1 1.153 | 348
2071 2 2.951 | 349
1781 2346 14 140557.00 14.056 1669.08 38.8 8.9 2078 2 236 [ 329
1782 2347 13 80502.94 8.050 1122.71 38.8 8.9 2063 3 2.772 | 330
2064 2 2.527 | 331
1784 2349 35 258110.61 25811 2291.26 38.8 8.9 2073 6 6.746 | 346
2073 0 0.532 | 347
1787 2352 16 117798.06 11.780 1350.25 38.8 8.9 2073 4 7.783 | 332
2071 2 2.729 | 333
1790 2355 18 60898.42 6.090 1156.14 388 8.9 2071 2 3.988 | 334
1792 2357 15 90137.13 9.014 1592.96 38.8 8.9 2059 1 1.47 | 336
1793 2358 7 269074.85 26.907 2692.74 38.8 8.9 2061 0 181 | 339
2061 0 0.661 | 340
2061 1 1537 | 341
2065 0 1.198 | 343
2068 3 3.076 | 344
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1794 2359 4 72673.77 7.267 1387.09 38.8 8.9 2066 4 3.141 | 337
1795 2360 19 61771.20 6.177 1066.25 38.8 8.9 2071 2 3.799 | 335
1799 2364 6 55125.05 5.513 1047.17 38.8 8.9 2058 1 1.352 | 342
1800 2365 1 68746.95 6.875 1617.09 38.8 8.9 2058 0 0.79 | 338
Basin 23 1 2 1 28669.72 2.867 745.30 38.8 8.9 2193 2 2.299 | 23E
5 7 5 142322.79 14.232 2313.19 38.8 8.9 2235 5 3.568 | 23A
6 8 7 58547.42 5.855 1193.41 38.8 8.9 2240 3 6.493 23B
7 9 6 171496.20 17.150 2632.45 38.8 8.9 2245 5 4.694 | 23C
2241 3 4.714 | 23D
Basin 24 FID Sub Basin Id gridcode Area perimeter Longitudes Latitudes
4 5 4 75902.20 7.590 1383.89 38.8 8.9 2243 4 4.975 | 24A
7 12 9 60171.06 6.017 1238.48 38.8 8.9 2253 2 3.508 | 24B
Basin 25 FID Sub Basin Id gridcode Area perimeter Longitudes Latitudes
3 6 6 137078.40 13.708 1471.94 38.9 8.9 2245 9 10.96 | 25D
4 8 7 205227.62 20.523 2898.87 38.9 8.9 2258 6 4.763 | 25A
5 9 4 135340.32 13.534 2349.32 38.8 8.9 2278 2 1.572 | 25B
6 10 5 180726.45 18.073 2741.50 38.8 8.9 2274 7 3.937 | 25C
Basin 26 FID Sub Basin Id gridcode Area perimeter Longitudes Latitudes
5 7 7 103890.37 10.389 1680.21 38.9 8.9 2264 1 2.047 | 26B
6 8 4 88048.71 8.805 1683.40 38.9 8.9 2272 1 1.188 | 26A
7 9 8 73362.82 7.336 1480.90 38.9 8.9 2260 1 1.382 | 26C
9 11 9 217814.12 21.781 2757.27 38.9 8.9 2282 3 3.346 | 26D
Basin 27 FID Sub Basin Id gridcode Area Perimeter Longitudes Latitudes water_leve Volume SArea
0 1 1 60165.85 6.017 1469.52 38.9 8.9 2266 2 1.84 27B
7 8 6 192445.37 19.245 2354.84 38.9 8.9 2269 4 4.987 | 27A
8 9 11 86960.47 8.696 1624.01 38.9 8.9 2268 3 4.165 | 27E
9 10 7 91062.19 9.106 1296.31 38.9 8.9 2265 4 7.831 | 27C
11 13 12 89427.99 8.943 1700.92 38.9 8.9 2274 2 2.933 | 27D
12 14 13 297884.46 29.788 4279.58 38.9 8.9 2286 1 0.978 | 27F
2276 3 2.54 27G
Basin 28 FID Sub Basin Id gridcode Area Perimeter Longitudes Latitudes
3 4 17 112204.33 11.220 1595.98 38.9 8.9 2287 1 2.712 | 28A
6 7 16 48168.56 4.817 1190.14 38.9 8.9 2281 0 0.498 | 28B
2277 0 2.1 28C
2279 0 0.329 | 28D1
7 8 8 101180.02 10.118 1708.76 38.9 8.9 2279 2 2.19 28E
8 9 11 91941.36 9.194 1805.53 38.9 8.9 2277 1 1.851 | 28F
11 14 9 127168.99 12.717 1666.11 38.9 8.9 2282 1 0.329 | 28D2
12 16 10 82900.28 8.290 1361.00 38.9 8.9 2276 0 0.744 | 28G
15 20 7 190663.89 19.066 2224.43 38.9 8.9 2270 1 0.822 | 28H
2265 1 1.35 281
18 24 2 135378.16 13.538 1613.55 38.9 8.9 2258 2 3.13 | 28]
20 26 3 6415869 6.416 1043.83 38.9 8.9 2257 0 0.605 | 28K
2261 1 2.74 28M
Basin 29 FID Sub Basin Id gridcode Area Perimeter Longitudes Latitudes water_leve Volume SArea
0 1 1 67594.41 6.759 1163.01 38.9 8.9 2256 2 2.82 29A
1 2 2 57996.23 5.800 1207.39 38.9 8.9 2256 0 0.935 | 29B
2255 0 0.904 | 29C
2 3 3 211025.97 21.103 2574.39 38.9 8.9 2256 1 0.833 | 29F
2242 0 1.73 29H
3 4 4 180431.08 18.043 2437.20 38.9 8.9 2253 1 0.662 | 29G
2248 1 0.758 | 29J
4 5 5 298643.82 29.864 3082.59 38.9 8.9 2245 5 581 | 29I
Basin 30 FID Sub Basin Id gridcode Area Perimeter Longitudes Latitudes
5 7 27 100095.79 10.010 1459.59 389 8.9 2270 1 2.486 | 30H
12 15 51 191066.32 19.107 1952.75 38.9 8.9 2259 1 1.409 | 301
13 16 22 61252.52 6.125 1339.67 38.9 8.9 2263 1 1.618 | 30F
2259 1 1.246 | 30G
23 29 15 123718.09 12.372 1626.87 38.9 8.9 2260 3 3.501 | 30D
24 30 16 59567.68 5.957 1254.48 38.9 8.9 2251 2 3.787 | 30E
25 31 45 69685.09 6.969 1286.92 38.9 8.9 2248 1 1.135 | 30K
26 32 46 106195.13 10.620 1785.87 38.9 8.9 2252 0 0.37 30J
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34 41 14 109738.34 10.974 1638.15 38.9 8.9 2252 2 2.133 | 30C
42 49 37 119128.53 11.913 2380.77 38.9 8.9 2280 3 1.79 30N
2288 2 1.448 | 300
44 52 9 131338.73 13.134 1752.85 38.9 8.9 2245 1 0.769 | 30B
45 55 7 60960.51 6.096 1203.83 38.9 8.9 2228 1 1.831 | 30A
47 57 34 83523.63 8.352 1396.99 38.9 89 2232 1 1.711 | 30M
Basin 31 FID Sub Basin Id gridcode Area Perimeter Longitudes Latitudes water_leve Volume SArea
0 1 5 49845.78 4.985 1424.41 38.8 8.9 2198 2 4.54 31D
3 4 6 86975.56 8.698 1213.14 38.8 8.9 2203 0 0.853 | 31B
4 5 2 101764.00 10.176 1600.40 38.8 8.9 2210 0 0.232 | 31A
5 6 3 51384.32 5.138 1213.36 38.8 8.9 2196 0 0.242 | 31C
Basin 32 FID SubBasin Id gridcode Area Perimeter Longitudes Latitudes
7 9 6 26409202 26.409 3359.62 38.9 8.9 2249 1 1.228 | 32A
Basin 33 FID Sub Basin Id gridcode Area perimeter Longitudes Latitudes water_leve Volume SArea
0 1 3 144441.84 14.444 2249.92 38.8 8.9 2174 3 2.841 | 33B
1 2 4 67440.59 6.744 1284.54 38.8 8.9 2159 1 1.191 | 33C
2 3 2 140993.86 14.099 2069.59 38.8 8.9 2166 3 3.625 | 33A
3 4 5 75469.23 7.547 1304.61 38.8 8.9 2161 7 5.802 | 33D
7 11 8 149325.96 14.933 2206.13 38.8 8.9 2158 1 0.929 | 33E
8 12 10 81837.53 8.184 1448.76 38.8 8.9 2150 1 0.546 | 33F
10 15 11 57552.57 5.755 976.75 38.8 8.8 2118 0 0.485 | 33G
Basin 34 FID Sub Basin Id gridcode Area perimeter Longitudes Latitudes water_leve Volume SArea
1 2 15 48462.93 4.846 1121.98 38.8 89 2154 1 1.458 | 34B
2 3 20 70348.56 7.035 1569.40 38.8 8.9 2118 2 7.65 34F
4 5 17 86657.04 8.666 1434.35 38.8 8.9 2141 6 10.11 | 34H
8 10 12 262670.05 26.267 3721.71 38.8 8.9 2169 3 1.625 | 34A
2144 1 0.576 | 34C
2144 1 1.231 | 341
10 13 7 146728.60 14.673 1993.70 38.8 8.8 2110 1 1.782 | 34E
11 14 8 110764.99 11.076 2030.79 38.8 8.8 2128 -1 -1 34D
18 21 4 112734.95 11.273 1670.46 38.8 8.8 2092 1 0.61 34J
Basin 35 FID Sub Basi Id gridcode Area perimeter Longitudes Latitudes water_leve Volume SArea
0 1 8 155176.31 15.518 1977.97 38.8 8.8 2092 1 1.928 | 35B
1 2 6 164633.80 16.463 2228.81 38.8 8.8 2087 1 1.378 | 35C
2087 1 1.173 | 35D
3 4 4 62484.29 6.248 1199.38 38.8 8.8 2076 0 0.865 | 35F
4 5 5 89309.40 8.931 1562.54 38.8 8.8 2084 0 0.705 | 35E
5 6 9 129268.27 12.927 1875.89 38.8 8.8 2084 0 0.302 | 35A
6 7 2 52040.46 5.204 1266.93 38.8 8.8 2076 1 3.545 | 35H
9 10 10 98412.71 9.841 1401.51 38.8 8.8 2074 1 1.505 | 35G
Basin 36 FID Sub Basin Id gridcode Area perimeter Longitudes Latitudes water_leve Volume SArea
1 3 20 405386.62 40.539 4832.38 38.8 8.8 2095 1 0.74 | 36C
2095 3 2.596 | 36D
2095 1 0.597 | 36E
2095 2 1.017 | 36F
2081 1 0.791 | 36G
2 4 23 66148.09 6.615 1202.50 38.8 8.8 2098 1 1.409 | 36A
2094 2 1.932 | 36B
3 5 21 67478.00 6.748 1073.46 38.8 8.8 2074 1 1.24 36H
4 7 18 130256.39 13.026 1675.04 38.8 8.8 2071 3 3.26 361
5 8 8 58928.77 5.893 1047.19 38.8 8.8 2070 1 1.508 | 36L
2068 1 1.604 | 36M
6 9 9 128640.75 12.864 1740.13 38.8 8.8 2069 1 1.142 | 36K
8 11 5 66296.41 6.630 123134 38.8 8.8 2066 2 3.24 | 36N
9 12 2 185180.21 18.518 1881.33 38.8 8.8 2066 3 2.53 36P
11 14 11 68199.77 6.820 1200.57 38.8 8.8 2068 1 141 36J
12 15 14 61033.58 6.103 1105.07 38.8 8.8 2073 0 0.669 | 36S
2073 1 1.448 | 36T
16 21 16 58972.06 5.897 1356.75 38.8 8.8 2071 0 1.438 | 36R
2074 0 0.809 | 36U
17 22 4 117941.13 11.794 1715.17 38.8 8.8 2063 1 0.991 360
20 25 12 101283.26 10.128 1505.52 38.8 8.8 2071 1 1.434 | 36Q
Basin 37 FID Sub Basin Id gridcode Area perimeter Longitudes Latitudes water_leve Volume SArea

77




0 1 84 173369.57 17.337 3582.98 38.8 8.9 2173 5 2.743 | 37A
1 2 60 84588.40 8.459 1303.00 38.8 8.9 2155 0 1.132 | 37E
2155 2 2.567 | 37F
2155 1 1.233 | 37G
2 3 61 69042.63 6.904 1291.59 38.8 8.9 2156 0 0.677 | 37D
8 13 79 101651.40 10.165 1425.41 38.8 8.9 2148 1 1.14 37B
11 16 77 134456.61 13.446 2279.07 38.8 8.9 2159 1 1.32 37C
12 17 58 223949.36 22.395 2999.47 38.8 8.9 2149 2 1.033 | 37H
13 18 59 68901.51 6.890 1126.11 38.8 8.9 2131 0 0.517 | 371
2128 1 1.348 | 37J
23 30 82 143398.55 14.340 1857.34 38.8 8.9 2163 1 0.895 | 37V
2149 1 0.628 | 37W
25 32 64 273115.77 27.312 2995.84 38.8 8.9 2136 5 3.782 | 37K
27 34 50 167442.74 16.744 2203.81 38.8 8.9 2104 1 1.307 | 37L
29 36 63 43532.75 4.353 1675.27 38.8 8.9 2114 1 1.051 | 37Q
32 41 83 98703.08 9.870 1827.70 38.8 8.9 2171 1 0.851 | 37U
37 46 46 69833.35 6.983 1113.15 38.8 8.9 2092 1 2.567 | 37Mib
39 48 69 70753.22 7.075 1329.75 38.8 8.9 2160 3 1.336 | 37R
40 49 47 84442.13 8.444 1640.85 38.8 8.9 2091 3 4.62 37M1
41 50 52 206071.87 20.607 2408.32 38.8 8.9 2126 7 2.22 370
2149 4 2.001 | 37P
43 52 44 182041.01 18.204 2427.80 38.8 8.9 2101 5 4.283 | 37N
52 63 33 56158.66 5.616 1187.88 38.8 8.9 2088 1 1.463 | 3712
56 68 30 97260.71 9.726 1575.44 38.8 8.8 2079 1 1.192 | 37G2
59 71 17 58602.50 5.860 1022.24 38.8 8.8 2075 1 2.601 | 37B2
60 72 15 116296.70 11.630 2088.16 38.8 8.8 2073 1 1.264 | 37A2
2073 1 1.589 | 37C2
61 74 31 57250.27 5.725 1055.98 38.8 8.8 2078 2 4.105 | 37P2
62 75 27 66552.68 6.655 1039.37 38.8 8.8 2081 2 3.12 37H2
64 77 28 59483.10 5.948 1297.2 38.8 8.8 2088 5 6.42 37K2
65 78 7 50229.57 5.023 1078.98 38.8 8.8 2069 0 0.834 | 37S2
66 79 11 77506.07 7.751 1583.35 38.8 8.8 2072 0 0.723 | 37Q2
2072 7 9.06 37R2
68 81 21 323173.67 32.317 2965.47 38.8 8.8 2079 6 8.06 372
2075 3 5.24 37D2
2077 2 2.06 E2
2077 1 1.88 37F2
69 83 8 93005.55 9.301 1855.19 38.8 8.8 2070 1 1.11 3772
71 85 29 65402.53 6.540 1212.17 38.8 8.8 2086 0 0.733 | 37L2
2081 1 141 37M2
74 89 23 81118.97 8.112 1290.46 38.8 8.8 2074 1 0.733 | 3702
75 90 25 131167.40 13.117 1845.95 38.8 8.8 2077 0 0.372 | 37N2
76 91 5 59886.54 5.989 1222.83 38.8 8.8 2062 1 2.69 37Y2
81 97 4 104701.93 10.470 1434.24 38.8 8.8 2063 1 3.5% 37wW2
2062 1 0.998 | 37X2
86 103 9 84062.73 8.406 1268.05 38.8 8.8 2068 0 0.727 | 37U2
2063 1 1.58 37V2
Basin 38 FID Sub Basinld gridcode Area perimeter Longitudes Latitudes
1 2 11 154925.60 15.493 2795.59 38.8 8.9 2083 1 0.717 | 38B
2081 0 0.249 | 38E
3 4 12 173674.85 17.367 2219.59 38.8 8.9 2090 0 0.596 | 38A
2088 2 2.05 [ 38C
2088 1 0.94 38D
5 6 8 161854.35 16.185 1818.40 38.8 8.9 2076 1 1.22 | 38G
2076 1 8.69 38H
6 7 13 66908.96 6.691 1400.81 38.8 8.9 2080 3 4.69 38F
7 8 5 114489.11 11.449 1474.26 38.8 8.9 2069 1 1.476 | 38J
2069 1 1.335 | 38K
9 11 6 100738.17 10.074 1885.56 38.8 8.9 2076 1 2.099 | 38l
12 14 1 280497.07 28.050 3139.26 38.8 8.8 2074 1 1.363 | 38N
2064 4 6.75 380
Basin 39 FID Sub Basin Id gridcode Area perimeter Longitudes Latitudes water_leve Volume SArea
0 1 48 68533.87 6.853 1172.14 38.8 8.9 2146 4 5.87 [ 39C
1 2 49 152505.68 15.251 2050.99 38.8 8.9 2150 2 2.45 39A
2148 1 0.945 | 39B
2 3 47 66495.57 6.650 1406.44 38.8 8.9 2132 0 0.383 | 39F
6 7 41 120825.44 12.083 210149 38.8 8.9 2129 1 1.183 | 39G
2112 2 7.95 39L
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10 18 44 71498.40 7.150 1461.85 38.8 8.9 2134 2 1.822 | 39H
2126 1 1.73 391
13 21 36 210088.34 21.009 2770.46 38.8 8.9 2148 12 9.123 | 39D
2144 2 1.471 | 39E
16 24 33 143350.86 14.335 2320.48 38.8 8.9 2124 1 4.52 39J
20 29 34 82382.67 8.238 1335.95 38.8 8.9 2118 1 1.144 | 39K
23 32 17 95903.96 9.590 1350.11 38.8 8.9 2089 3 8.52 39N
2089 1 0.678 | 390
24 33 15 239471.34 23.947 2193.34 38.8 8.9 2089 7 18.11 | 39P
27 36 25 162181.95 16.218 2198.94 38.8 8.9 2103 1 1.57 | 39m
30 40 13 54869.33 5.487 1042.49 38.8 8.9 2072 1 1.519 | 39Q
2072 1 2.85 39R
31 42 12 52532.35 5.253 1031.72 38.8 8.9 2071 0 0.352 | 39X
43 57 11 183738.13 18.374 2427.32 38.8 8.9 2070 1 1.16 39U
2079 3 3.28 | 39Y
44 58 5 95617.58 9.562 1666.16 38.8 8.9 2069 1 1.746 | 39S
45 59 9 146385.66 14.639 1782.41 38.8 8.9 2071 1 1.66 | 39T
2074 3 3.23 39V
48 62 3 93846.41 9.385 1611.50 38.8 8.9 2061 4 4.07 39W
Basin 40 FID Sub Basin Id gridcode Area perimeter Longitudes Latitudes water_leve Volume SArea
0 1 12 198764.95 19.876 2190.90 38.8 8.9 2078 1 1.392 | 40T
1 2 11 59565.58 5.957 986.12 38.8 8.9 2061 2 2.22 | 40R
2061 0 1.254 | 40S
2 3 10 78246.44 7.825 1364.98 38.8 8.9 2070 5 7.43 | 40N
2070 3 3.841 | 40Q
3 4 9 56650.26 5.665 1015.78 38.8 8.9 2067 3 7.075 | 40P
4 5 8 91828.29 9.183 1392.49 38.8 8.9 2067 1 1.166 | 400
5 6 7 57060.28 5.706 1117.64 38.8 8.9 2067 1 2.097 | 40M
7 8 6 244494 .57 24.449 2561.39 38.8 8.9 2073 3 3.691 | 40H
8 9 4 409897.84 40.990 3997.39 38.8 8.9 2074 2 1.949 | 40D
2076 5 4.715 | 40E
2076 3 3.328 | 40F
2076 4 6.488 | 40G
9 10 2 131692.82 13.169 1518.06 38.8 8.9 2075 3 4.338 | 40A
10 11 3 53568.53 5.357 1004.42 38.8 8.9 2066 0 0.189 | 40l
2067 1 1.176 | 40J
2067 0 0.85 | 40L
2067 2 3.393 | 40K
11 12 1 104078.88 10.408 1637.35 38.8 8.9 2075 2 1.832 | 40B
2075 6 8.27 [ 40C
Basin 41 FID Sub Basin Id gridcode Area perimeter Longitudes Latitudes
2 3 39 187548.65 18.755 2084.67 38.8 8.9 2143 7 2.851 | 41F2
2129 12 19.83 | 411
7 11 33 67557.59 6.756 1395.10 38.8 8.9 2100 1 1.498 | E2
8 13 24 113477.68 11.348 1943.94 38.8 8.9 2087 1 1.576 | 41A2
9 14 26 67748.40 6.775 1478.80 38.8 8.9 2108 6 5.075 | 41D2
13 18 25 66752.62 6.675 1149.00 38.8 8.9 2087 2 2.668 | 41B2
14 20 21 134015.33 13.402 2471.27 38.8 8.9 2091 4 6.107 | 41C2
15 21 22 53334.26 5.333 1028.63 38.8 8.9 2077 2 4.081 | 417
20 28 19 125646.24 12.565 1731.82 38.8 8.9 2075 1 1.473 | 41w
2078 2 1.666 | 41X
2078 4 4.126 | 41Y
21 29 28 252970.66 25.297 2634.50 38.8 8.9 2070 3 2444 | 41U
22 30 29 69338.40 6.934 1377.09 38.8 8.9 2069 2 5.175 | 41R
2069 1 1.779 | 41s
24 32 14 246581.21 24.658 2397.01 38.8 8.9 2070 2 1.144 | 41Q
2074 5 4.639 | 41T
2076 1 2.062 | 41V
28 36 5 79134.41 7.913 1385.18 38.8 8.9 2066 4 5.333 | 41E
29 37 15 211376.82 21.138 2526.56 38.8 8.9 2073 5 10.404 | 41M
2073 3 2.567 | 41P
30 38 2 102105.26 10.211 1521.44 38.8 8.9 2070 3 3.043 | 41C
2069 1 1.047 41D
32 41 12 173972.65 17.397 2295.56 38.8 8.9 2072 2 1.876 | 41L
2075 1 0.715 41N
2075 1 1.18 | 410
34 43 8 176583.65 17.658 2045.16 38.8 8.9 2070 4 5.484 | 41F
2070 4 4.082 | 41G
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35 44 1 168249.55 16.825 2197.87 38.8 8.9 2066 2 1.962 | 41A
2066 2 1.426 | 41B
36 45 13 135511.24 13.551 1598.96 38.8 8.9 2073 1 1.382 | 36K
37 46 9 69950.18 6.995 1274.48 38.8 8.9 2072 1 2.041 | 41H
2072 2 2.543 | 41)
Basin 42 FID Sub Basin Id gridcode Area perimeter Longitudes Latitudes
1 2 13 144828.35 14.483 144828.35 38.7 8.9 2084 4 1.205 | 42A
2138 1 1.917 | 42H
8 9 6 41679.04 4.168 41679.04 38.7 8.9 2061 1 1.124 | 42B
9 11 3 178612.58 17.861 178612.58 38.8 8.9 2082 1 1.041 | 42G
12 16 2 178683.27 17.868 178683.27 38.8 8.9 2078 4 4.244 | 42E
2081 2 2.303 | 42F
2078 4 3.426 | 42D
13 17 1 60128.67 6.013 60128.67 38.8 8.9 2065 1 1.631 | 42C
Basin 43 FID Sub basin Id gridcode Area perimeter Longitude Latitude water_leve Volume SArea
0 1 53 93098.32 9.310 1401.57 38.8 8.9 2180 2 4.696 | 430
3 4 52 53810.69 5.381 1149.12 38.8 8.9 2166 1 2.053 | 43M
2166 2 5.923 | 43N
6 7 49 55327.99 5.533 1272.29 388 8.9 2161 5 5.909 | 43L
8 10 46 79037.31 7.904 1223.05 38.8 8.9 2177 2 2.016 | 43R
10 12 43 118388.03 11.839 1640.26 38.8 8.9 2177 2 1.623 | 430Q
11 14 41 45924.05 4.592 996.96 38.8 8.9 2151 2 1.929 | 43K
13 17 47 63453.36 6.345 1147.18 38.8 8.9 2184 6 10.591 | 43S
14 20 37 189930.31 18.993 2314.99 38.8 8.9 2150 2 1.348 | 43I
2159 3 2.852 | 43J
2167 0 0.608 | 43P
15 22 45 69379.06 6.938 1487.50 38.8 8.9 2175 2 4.138 | 43T
18 25 35 218470.17 21.847 2217.51 38.8 8.9 2140 7 5.521 | 43E
2140 2 1.658 | 43F
2140 0 0.468 | 43G
20 28 34 148486.44 14.849 1830.13 38.8 8.9 2131 3 4.514 | 43D
22 31 32 60195.12 6.020 1288.11 38.8 8.9 2163 3 4.597 | 43W
25 36 16 102632.28 10.263 1487.06 38.8 8.9 2138 4 4.01 | 43H
26 38 20 145905.91 14.591 2252.14 38.8 8.9 2171 2 1.41 | 43U
27 39 25 70851.42 7.085 1552.40 38.8 8.9 2165 1 1.188 | 43V
31 43 12 100577.65 10.058 1830.15 38.7 8.9 2123 1 1.576 | 43C
35 48 33 107124.48 10.712 146738 38.8 8.9 2161 1 0.984 | 43X
37 51 5 51706.30 5.171 1318.83 38.7 8.9 2112 0 0.121 | 43B
43 58 3 227454.10 22.745 2023.58 38.7 8.9 2112 6 4.347 | 43A
44 59 31 83155.95 8.316 1399.45 38.8 8.9 2160 1 1.344 | 43Y
52 68 27 171885.81 17.189 2081.75 388 8.9 2169 1 0.593 | 437
53 69 21 185350.56 18.535 2558.56 38.8 8.9 2190 4 10.75 | 43A2
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Annex_2
Table A2:Peak runoff value of blue spot depression ar@agatural surface catchment, in Semi urban area surface catchment and in urbanized area surface
catchnent.

Sub B.Spot
Basin FID Basin Id gridcode | Areain Ha No Intensity of rainfall/Hr Peak runoff rate on Natdrstate area C=0.2 Peak runoff rate on Semi urbanized areas C=0.55 | Peak runoff rate on City Business areas C=0.85
Dry Mid wet Wet Season( | Dry Mid wet Wet Season( | Dry Mid wet Wet Season( Dry Mid wet Wet Season(
Season(Nov) | season(Apr) | Aug) Season(Nov) | season(Apr) | Aug) Season(Nov) | season(Apr) Aug) Season(Nov) season(Apr) Augt)
Basin 48 1158 1502 291 9.844 133 0.146 3.096 8.016 0.0008 0.0171 0.0442 0.0022 0.0469 0.1215 0.0034 0.0725 0.1878
134 0.146 3.096 8.016
1242 1594 281 8.814 131 0.146 3.096 8.016 0.0007 0.0153 0.0396 0.0020 0.0420 0.1088 0.0031 0.0649 0.1682
1262 1615 273 10.767 | 66b 0.146 3.096 8.016 0.0009 0.0187 0.0483 0.0024 0.0513 0.1329 0.0037 0.0793 0.2054
1267 1620 279 6.108 130 0.146 3.096 8.016 0.0005 0.0106 0.0274 0.0014 0.0291 0.0754 0.0021 0.0450 0.1165
1354 1729 196 15.884 | 62a 0.146 3.096 8.016 0.0013 0.0275 0.0713 0.0036 0.0757 0.1961 0.0055 0.1170 0.3030
64 0.146 3.096 8.016
65 0.146 3.096 8.016
1359 1735 179 6.117 | 62b 0.146 3.096 8.016 0.0005 0.0106 0.0275 0.0014 0.0292 0.0755 0.0021 0.0451 0.1167
1360 1736 180 10.170 63 0.146 3.096 8.016 0.0008 0.0176 0.0457 0.0023 0.0485 0.1255 0.0035 0.0749 0.1940
1378 1762 191 9.618 | 61 0.146 3.096 8.016 0.0008 0.0167 0.0432 0.0022 0.0459 0.1187 0.0033 0.0709 0.1835
1408 1803 189 8.493 | 60 0.146 3.096 8.016 0.0007 0.0147 0.031 0.0019 0.0405 0.1048 0.0030 0.0626 0.1620
1411 1807 185 5.629 | 59 0.146 3.096 8.016 0.0005 0.0098 0.0253 0.0013 0.0268 0.0695 0.0020 0.0415 0.1074
1428 1832 186 7.904 | 58b 0.146 3.096 8.016 0.0006 0.0137 0.0355 0.0018 0.0377 0.0976 0.0027 0.0582 0.1508
1431 1836 161 17.912 | 45 0.146 3.096 8.016 0.0015 0.0311 0.0804 0.0040 0.0854 0.2211 0.0062 0.1320 0.3417
1432 1837 173 6.350 | 47 0.146 3.096 8.016 0.0005 0.0110 0.0285 0.0014 0.0303 0.0784 0.0022 0.0468 0.1211
1438 1844 182 11.412 | 55 0.146 3.0% 8.016 0.0009 0.0198 0.0512 0.0026 0.0544 0.1409 0.0040 0.0841 0.2177
56 0.146 3.096 8.016
58a 0.146 3.096 8.016
1444 1852 176 21.325 | 50 0.146 3.096 8.016 0.0017 0.0370 0.0957 0.0048 0.1017 0.2633 0.0074 0.1571 0.4068
52 0.146 3.096 8.016
53 0.146 3.096 8.016
54 0.146 3.096 8.016
1452 1863 145 5.194 | 42a 0.146 3.096 8.016 0.0004 0.0090 0.0233 0.0012 0.0248 0.0641 0.0018 0.0383 0.0991
1458 1870 143 5.672 | 44 0.146 3.096 8.016 0.0005 0.0098 0.0255 0.0013 0.0270 0.0700 0.0020 0.0418 0.1082
1469 1887 152 16.844 | 48 0.146 3.096 8.016 0.0014 0.0292 0.0756 0.0038 0.0803 0.2079 0.0059 0.1241 0.3214
49 0.146 3.096 8.016
1483 1903 142 10.430 | 42b 0.146 3.096 8.016 0.0009 0.0181 0.0468 0.0023 0.0497 0.1287 0.0036 0.0768 0.1990
43 0.146 3.096 8.016
1499 1924 125 7973 | 19 0.146 3.096 8.016 0.0007 0.0138 0.0%8 0.0018 0.0380 0.0984 0.0028 0.0588 0.1521
1501 1926 146 10.488 | 17 0.146 3.096 8.016 0.0009 0.0182 0.0471 0.0024 0.0500 0.1295 0.0036 0.0773 0.2001
18 0.146 3.096 8.016
1504 1929 148 10.150 | 16 0.146 3.096 8.016 0.0008 0.0176 0.0456 0.0023 0.0484 0.1253 0.0035 0.0748 0.1936
1511 1939 111 13.839 | 9 0.146 3.096 8.016 0.0011 0.0240 0.0621 0.0031 0.0660 0.1708 0.0048 0.1020 0.2640
10 0.146 3.096 8.016
1513 1941 115 27.784 | 20 0.146 3.096 8.016 0.0023 0.0482 0.1247 0.0062 0.1325 0.3430 0.0097 0.2047 0.5301
1514 1942 100 6.822 | 14 0.146 3.096 8.016 0.0006 0.0118 0.0306 0.0015 0.0325 0.0842 0.0024 0.0503 0.1301
1519 1948 113 9.653 15 0.146 3.096 8.016 0.0008 0.0167 0.0433 0.0022 0.0460 0.1192 0.0034 0.0711 0.1842
1523 1954 114 5663 | 8 0.146 3.096 8.016 0.0005 0.0098 0.0254 0.0013 0.0270 0.0699 0.0020 0.0417 0.1080
1543 1989 97 18.989 | 7 0.146 3.096 8.016 0.0016 0.0329 0.0852 0.0043 0.0905 0.2344 0.0066 0.1399 0.3623
1546 1993 98 8.555 | 5 0.146 3.096 8.016 0.0007 0.0148 0.0384 0.0019 0.0408 0.1056 0.0030 0.0630 0.1632
6 0.146 3.096 8.016
1557 2005 3 9.698 1 0.146 3.096 8.016 0.0008 0.0168 0.0435 0.0022 0.0462 0.1197 0.0034 0.0715 0.1850
Basin 49 922 1271 1006 9.635 | 239 0.146 3.096 8.016 0.0008 0.0167 0.0433 0.0022 0.0459 0.1189 0.0033 0.0710 0.1838
939 1303 1002 11.595 | 240 0.146 3.096 8.016 0.0009 0.0201 0.0520 0.0026 0.0553 0.1431 0.0040 0.0854 0.2212
945 1310 880 11.577 611 0.146 3.096 8.016 0.0009 0.0201 0.0520 0.0026 0.0552 0.1429 0.0040 0.0853 0.2209
951 1319 908 6.928 | 601 0.146 3.096 8.016 0.0006 0.0120 0.0311 0.0016 0.0330 0.0855 0.0024 0.0511 0.1322
954 1323 991 3.751 | 242 0.146 3.096 8.016 0.0003 0.0065 0.0168 0.0008 0.0179 0.0463 0.0013 0.0276 0.0716
960 1332 882 5.540 | 612 0.146 3.096 8.016 0.0005 0.0096 0.0249 0.0012 0.0264 0.0684 0.0019 0.0408 0.1057
964 1338 883 6.304 | 613 0.146 3.096 8.016 0.0005 0.0109 0.0283 0.0014 0.0301 0.0778 0.0022 0.0465 0.1203
614a 0.146 3.096 8.016
968 1344 905 4.937 | 604 0.146 3.096 8.016 0.0004 0.0086 0.0222 0.0011 0.0235 0.0609 0.0017 0.0364 0.0942
972 1349 904 13.027 | 603 0.146 3.096 8.016 0.0011 0.0226 0.0585 0.0029 0.0621 0.1608 0.0045 0.0960 0.2485
607 0.146 3.096 8.016
978 1356 827 13.414 | 615 0.146 3.096 8.016 0.0011 0.0233 0.0602 0.0030 0.0640 0.1656 0.0047 0.0988 0.2559
979 1357 906 5.221 | 602 0.146 3.096 8.016 0.0004 0.0091 0.0234 0.0012 0.0249 0.0e45 0.0018 0.0385 0.0996
986 1366 995 31.645 | 238 0.146 3.096 8.016 0.0026 0.0549 0.1421 0.0071 0.1509 0.3907 0.0110 0.2332 0.6037
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987 1369 815 8.743 | 625 0.146 3.096 8.016 0.0007 0.0152 0.0392 0.0020 0.0417 0.1079 0.0030 0.0644 0.1668
990 1373 998 27.609 | 241 0.146 3.096 8.016 0.0023 0.0479 0.1239 0.0062 0.1316 0.3408 0.0096 0.2034 0.5267
994 1377 823 12.602 | 616 0.146 3.096 8.016 0.0010 0.0218 0.0566 0.0028 0.0601 0.1556 0.0044 0.0929 0.2404
997 1381 810 9.899 | 626 0.146 3.096 8.016 0.0008 0.0172 0.0444 0.0022 0.0472 0.1222 0.0034 0.0729 0.1888
998 1382 751 6.043 | 605 0.146 3.096 8.016 0.0005 0.0105 0.0271 0.0014 0.0288 0.0746 0.0021 0.0445 0.1153
606 0.146 3.096 8.016
999 1383 938 5.718 | 535 0.146 3.096 8.016 0.005 0.0099 0.0257 0.0013 0.0273 0.0706 0.0020 0.0421 0.1091
1000 1384 798 8.879 | 627 0.146 3.096 8.016 0.0007 0.0154 0.0399 0.0020 0.0423 0.1096 0.0031 0.0654 0.1694
1002 1387 748 7.841 | 608 0.146 3.096 8.016 0.0006 0.0136 0.0352 0.0018 0.0374 0.0968 0.0027 0.0578 0.1496
1013 1402 785 18.924 | 632 0.146 3.096 8.016 0.0015 0.0328 0.0849 0.0043 0.0902 0.2336 0.0066 0.1394 0.3610
1015 1404 745 7.431 | 548 0.146 3.096 8.016 0.0006 0.0129 0.0334 0.0017 0.0354 0.0917 0.0026 0.0548 0.1418
1019 1408 784 28493 | 225 0.146 3.096 8.016 0.0023 0.0494 0.1279 0.0064 0.1358 0.3517 0.0099 0.2099 0.5436
1023 1412 927 7.331 | 547 0.146 3.096 8.016 0.0006 0.0127 0.0329 0.0016 0.0350 0.0905 0.0025 0.0540 0.1399
1024 1413 928 8.521 | 545 0.146 3.096 8.016 0.0007 0.0148 0.0382 0.0019 0.0406 0.1052 0.0030 0.0628 0.1626
1025 1414 779 6.918 | 243 0.146 3.096 8.016 0.0006 0.0120 0.0311 0.0016 0.0330 0.0854 0.0024 0.0510 0.1320
244 0.146 3.096 8.016
1026 1415 778 5.308 | 245 0.146 3.096 8.016 0.0004 0.0092 0.0238 0.0012 0.0253 0.0655 0.0018 0.0391 0.1013
1029 1419 945 19.760 | 519 0.146 3.096 8.016 0.0016 0.0343 0.0887 0.0044 0.0942 0.2439 0.0069 0.1456 0.3770
520a 0.146 3.096 8.016
523 0.146 3.096 8.016
524 0.146 3.096 8.016
1030 1420 735 20.855 | 609 0.146 3.096 8.016 0.0017 0.0362 0.0936 0.0047 0.0994 0.2574 0.0072 0.1537 0.3979
610 0.146 3.096 8.016
1035 1426 929 14.627 | 544 0.146 3.096 8.016 0.0012 0.0254 0.0657 0.0033 0.0697 0.1806 0.0051 0.1078 0.2791
1038 1429 783 7.459 | 631 0.146 3.096 8.016 0.0006 0.0129 0.0335 0.0017 0.0356 0.0921 0.0026 0.0550 0.1423
1040 1432 775 6.782 | 246 0.146 3.096 8.016 0.0006 0.0118 0.0304 0.0015 0.0323 0.0837 0.0024 0.0500 0.1294
1041 1433 731 9.566 | 621 0.146 3.096 8.016 0.0008 0.0166 0.0429 0.0022 0.0456 0.1181 0.0033 0.0705 0.1825
633 0.146 3.096 8.016
1043 1435 931 21.300 | 536 0.146 3.096 8.016 0.0017 0.0%9 0.0956 0.0048 0.1016 0.2629 0.0074 0.1569 0.4064
541 0.146 3.096 8.016
542 0.146 3.096 8.016
543 0.146 3.096 8.016
1044 1436 937 16.804 | 525 0.146 3.096 8.016 0.004 0.0291 0.0754 0.0038 0.0801 0.2074 0.0058 0.1238 0.3206
1047 1441 730 6.810 | 622 0.146 3.096 8.016 0.0006 0.0118 0.0306 0.0015 0.0325 0.0841 0.0024 0.0502 0.1299
1049 1443 765 19.138 | 628 0.146 3.096 8.016 0.0016 0.0332 0.0859 0.0043 0.0912 0.2363 0.0067 0.1410 0.3651
1051 1445 739 15.107 | 549 0.146 3.096 8.016 0.0012 0.0262 0.0678 0.0034 0.0720 0.1865 0.0052 0.1113 0.2882
552 0.146 3.096 8.016
1055 1450 725 15.704 | 619 0.146 3.096 8.016 0.0013 0.0272 0.0705 0.0035 0.0749 0.1939 0.0055 0.1157 0.2996
1058 1454 781 7.100 | 247 0.146 3.096 8.016 0.0006 0.0123 0.0319 0.0016 0.0339 0.0876 0.0025 0.0523 0.1355
1060 1456 769 11.427 | 251 0.146 3.096 8.016 0.0009 0.0198 0.0513 0.0026 0.0545 0.1411 0.0040 0.0842 0.2180
1064 1461 716 14.027 | 624 0.146 3.096 8.016 0.0011 0.0243 0.0630 0.0032 0.0669 0.1732 0.0049 0.1034 0.2676
1065 1462 718 25.077 | 617 0.146 3.096 8.016 0.0021 0.0435 0.1126 0.0056 0.1196 0.3096 0.0087 0.1848 0.4784
618 0.146 3.096 8.016
1068 1467 721 4.884 | 623 0.146 3.096 8.016 0.0004 0.0085 0.0219 0.0011 0.0233 0.0603 0.0017 0.0360 0.0932
1070 1469 332 12.876 | 532 0.146 3.096 8.016 0.0011 0.0223 0.0578 0.0029 0.0614 0.1589 0.0045 0.0949 0.2456
533 0.146 3.096 8.016
534 0.146 3.096 8.016
1072 1471 354 10.159 | 517 0.146 3.096 8.016 0.0008 0.0176 0.0456 0.0023 0.0484 0.1254 0.0035 0.0749 0.1938
1074 1475 708 10.426 | 629 0.146 3.096 8.016 0.0009 0.0181 0.0468 0.0023 0.007 0.1287 0.0036 0.0768 0.1989
1076 1477 330 10.957 | 538 0.146 3.096 8.016 0.0009 0.0190 0.0492 0.0025 0.0522 0.1353 0.0038 0.0807 0.2090
1078 1481 331 8.877 | 537 0.146 3.096 8.016 0.0007 0.0154 0.0398 0.0020 0.0423 0.1096 0.0031 0.0654 0.1694
1079 1482 333 14534 | 531 0.146 3.096 8.016 0.0012 0.0252 0.0652 0.0033 0.0693 0.1794 0.0051 0.1071 0.2773
1084 1488 350 8.949 | 518 0.146 3.096 8.016 0.0007 0.0155 0.0402 0.0020 0.0427 0.1105 0.0031 0.0659 0.1707
1085 1489 773 12.904 | 248 0.146 3.096 8.016 0.0011 0.0224 0.0579 0.0029 0.0615 0.1593 0.0045 0.0951 0.2462
1089 1496 758 8.608 | 630 0.146 3.096 8.016 0.0007 0.0149 0.0386 0.0019 0.0410 0.1063 0.0030 0.0634 0.1642
1092 1499 346 12.556 [ 520b 0.146 3.096 8.016 0.0010 0.0218 0.0564 0.0028 0.0599 0.1%0 0.0044 0.0925 0.2395
526 0.146 3.096 8.016
1097 1505 343 16.190 | 527 0.146 3.096 8.016 0.0013 0.0281 0.0727 0.0036 0.0772 0.1999 0.0056 0.1193 0.3089
1098 1507 709 10.604 | 600 0.146 3.096 8.016 0.0009 0.0184 0.0476 0.0024 0.0506 0.1309 0.0037 0.0781 0.2023
1102 1512 319 7.818 | 539 0.146 3.096 8.016 0.0006 0.0136 0.0351 0.0018 0.0373 0.0965 0.0027 0.0576 0.1491
1103 1514 339 10.486 | 529 0.146 3.096 8.016 0.0009 0.0182 0.0471 0.0024 0.0500 0.1294 0.0036 0.0773 0.2001
1109 1520 715 7.343 | 597 0.146 3.096 8.016 0.0006 0.0127 0.0330 0.0017 0.0350 0.0906 0.0026 0.0541 0.1401
1110 1521 720 5.488 | 596 0.146 3.096 8.016 0.0004 0.0095 0.0246 0.0012 0.0262 0.0677 0.0019 0.0404 0.1047
1112 1524 335 7.862 | 530 0.146 3.096 8.016 0.0006 0.0136 0.0353 0.0018 0.0375 0.0970 0.0027 0.0579 0.1500
1117 1530 320 23.696 | 540 0.146 3.096 8.016 0.0019 0.0411 0.1064 0.0053 0.1130 0.2925 0.0082 0.1746 0.4521
550 0.146 3.096 8.016
551 0.146 3.096 8.016
1124 1538 695 7.965 | 592 0.146 3.096 8.016 0.0007 0.0138 0.0358 0.0018 0.0380 0.0983 0.0028 0.0587 0.1520
1127 1542 770 12.032 | 252 0.146 3.096 8.016 0.0010 0.0209 0.0540 0.0027 0.0574 0.1485 0.0042 0.0887 0.2295
1129 1544 696 17.115 | 557 0.146 3.096 8.016 0.0014 0.0297 0.0768 0.0038 0.0816 0.2113 0.0059 0.1261 0.3265
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558 0.146 3.096 8.016

1132 1548 303 7.683 | 554 0.146 3.096 8.016 0.0006 0.0133 0.0345 0.0017 0.0366 0.0948 0.0027 0.0566 0.1466

113 1549 348 6.941 | 487 0.146 3.096 8.016 0.0006 0.0120 0.0312 0.0016 0.0331 0.0857 0.0024 0.0511 0.1324

1134 1550 352 32.509 | 484 0.146 3.096 8.016 0.0027 0.0564 0.1459 0.0073 0.1550 0.4013 0.0113 0.2395 0.6202
486 0.146 3.096 8.016

1137 1553 304 13.803 | 553 0.146 3.096 8.016 0.0011 0.0239 0.0620 0.0031 0.0658 0.1704 0.0048 0.1017 0.2633

1140 1557 340 9.851 | 493 0.146 3.096 8.016 0.0008 0.0171 0.0442 0.0022 0.0470 0.1216 0.0034 0.0726 0.1879

1141 1560 325 8.048 | 501 0.146 3.096 8.016 0.0007 0.0140 0.0361 0.0018 0.0384 0.0993 0.0028 0.0593 0.1535

1143 1563 469 11.748 | 483 0.146 3.096 8.016 0.0010 0.0204 0.0527 0.0026 0.0560 0.1450 0.0041 0.0866 0.2241

1144 1564 639 14.324 | 249 0.146 3.096 8.016 0.0012 0.0248 0.0643 0.002 0.0683 0.1768 0.0050 0.1055 0.2733

1145 1565 640 7.526 | 250 0.146 3.096 8.016 0.0006 0.0130 0.0338 0.0017 0.0359 0.0929 0.0026 0.0555 0.1436

1146 1566 761 11.446 | 259a 0.146 3.096 8.016 0.0009 0.0198 0.0514 0.0026 0.0546 0.1413 0.0040 0.0843 0.2184

1148 1569 688 4.861 | 593 0.146 3.096 8.016 0.0004 0.0084 0.0218 0.0011 0.0232 0.0600 0.0017 0.0358 0.0927

1150 1572 689 11.858 | 594 0.146 3.096 8.016 0.0010 0.0206 0.0532 0.0027 0.0565 0.1464 0.0041 0.0874 0.2262
595 0.146 3.096 8.016

1151 1573 698 12.114 | 599 0.146 3.096 8.016 0.0010 0.0210 0.0544 0.0027 0.0578 0.1495 0.0042 0.0893 0.2311

1152 1575 316 7.620 | 555 0.146 3.096 8.016 0.0006 0.0132 0.0342 0.0017 0.0363 0.0941 0.0026 0.0562 0.1454

1153 1576 345 24.049 | 492 0.146 3.096 8.016 0.0020 0.0417 0.1080 0.0054 0.1147 0.2969 0.0084 0.1772 0.4588

1157 1581 341 12.964 | 494 0.146 3.096 8.016 0.0011 0.0225 0.0582 0.0029 0.0618 0.1600 0.0045 0.0955 0.2473

1159 1583 756 7.778 | 259b 0.146 3.096 8.016 0.0006 0.0135 0.0349 0.0017 0.0371 0.0960 0.0027 0.0573 0.1484

1160 1585 693 10.260 | 560 0.146 3.096 8.016 0.0008 0.0178 0.0461 0.0023 0.0489 0.1267 0.0036 0.0756 0.1957

1168 1595 301 11.857 | 559 0.146 3.096 8.016 0.0010 0.0206 0.0532 0.0027 0.0565 0.1464 0.0041 0.0874 0.2262

1170 1598 638 9.454 | 309 0.146 3.096 8.016 0.0008 0.0164 0.0424 0.0021 0.0451 0.1167 0.0033 0.0697 0.1804
310 0.146 3.096 8.016

1172 1600 612 8.440 | 255 0.146 3.096 8.016 0.0007 0.0146 0.0379 0.0019 0.0402 0.1042 0.00D 0.0622 0.1610

1178 1608 754 9.597 | 260 0.146 3.096 8.016 0.0008 0.0166 0.0431 0.0022 0.0458 0.1185 0.0033 0.0707 0.1831
261 0.146 3.096 8.016

1183 1613 691 7.657 | 563 0.146 3.096 8.016 0.0006 0.0133 0.0344 0.0017 0.0365 0.0945 0.0027 0.0564 0.1461

1185 1615 322 10.681 | 500 0.146 3.096 8.016 0.0009 0.0185 0.0479 0.0024 0.0509 0.1319 0.0037 0.0787 0.2038

1191 1621 687 5.563 | 569 0.146 3.096 8.016 0.0005 0.0096 0.0250 0.0013 0.0265 0.0687 0.0019 0.0410 0.1061

1193 1627 635 5.878 | 256 0.146 3.096 8.016 0.0005 0.0102 0.0264 0.0013 0.0280 0.0726 0.0020 0.0433 0.1121

1196 1631 644 10.064 | 307 0.146 3.096 8.016 0.0008 0.0174 0.0452 0.0023 0.0480 0.1242 0.0035 0.0742 0.1920
308 0.146 3.096 8.016

1197 1632 682 19.777 | 598 0.146 3.096 8.016 0.0016 0.0343 0.0888 0.0044 0.0943 0.2441 0.0069 0.1457 0.3773

1200 1636 643 10.042 | 305 0.146 3.096 8.016 0.0008 0.0174 0.0451 0.0023 0.0479 0.1240 0.0035 0.0740 0.1916
306 0.146 3.096 8.016

1204 1640 307 9.379 | 556 0.146 3.096 8.016 0.0008 0.0163 0.0421 0.0021 0.0447 0.1158 0.0033 0.0691 0.1789

1207 1643 692 8.342 | 567 0.146 3.096 8.016 0.0007 0.0145 0.0374 0.0019 0.0398 0.1030 0.0029 0.0615 0.1591

1209 1645 462 5.989 | 482 0.146 3.096 8.016 0.0005 0.0104 0.0269 0.0013 0.0286 0.0739 0.0021 0.0441 0.1143

1211 1648 315 20.252 | 502 0.146 3.096 8.016 0.0017 0.0351 0.0909 0.0046 0.0966 0.2500 0.0070 0.1492 0.3864

1217 1658 610 19.138 | 253 0.146 3.096 8.016 0.0016 0.0332 0.0859 0.0043 0.0912 0.2363 0.0067 0.1410 0.3651
257 0.146 3.096 8.016
258 0.146 3.096 8.016

1222 1663 460 9.173 | 485 0.146 3.096 8.016 0.0007 0.0159 0.0412 0.0021 0.0437 0.1132 0.0032 0.0676 0.1750

1226 1668 683 19.421 | 568 0.146 3.096 8.016 0.0016 0.0337 0.0872 0.0044 0.0926 0.2397 0.0067 0.1431 0.3705
570 0.146 3.096 8.016

1229 1673 676 8.656 | 265 0.146 3.096 8.016 0.0007 0.0150 0.0389 0.0019 0.0413 0.1068 0.0030 0.0638 0.1651
266 0.146 3.096 8.016

1234 1678 604 7.622 | 264b 0.146 3.096 8.016 0.0006 0.0132 0.0342 0.0017 0.0363 0.0941 0.0026 0.0562 0.1454

1235 1679 609 10.115 | 262 0.146 3.096 8.016 0.0008 0.0175 0.0454 0.0023 0.0482 0.1249 0.0035 0.0745 0.1930
263 0.146 3.096 8.016

1236 1680 311 7.922 | 503 0.146 3.096 8.016 0.0006 0.0137 0.0356 0.0018 0.0378 0.0978 0.0028 0.0584 0.1511
504 0.146 3.096 8.016

1239 1683 421 6.607 | 497 0.146 3.096 8.016 0.0005 0.0115 0.0297 0.0015 0.0315 0.0816 0.0023 0.0487 0.1261
498 0.146 3.096 8.016

1247 1692 458 9.354 | 488 0.146 3.096 8.016 0.0008 0.0162 0.0420 0.0021 0.0446 0.1155 0.0033 0.0689 0.1785
489 0.146 3.096 8.016

1252 1699 618 5.336 | 264a 0.146 3.096 8.016 0.0004 0.0093 0.0240 0.0012 0.0254 0.0659 0.0019 0.0393 0.1018

1259 1707 312 4.732 | 506 0.146 3.096 8.016 0.0004 0.0082 0.0212 0.0011 0.0226 0.0584 0.0016 0.0349 0.0903

1264 1712 645 13.492 | 304 0.146 3.096 8.016 0.0011 0.0234 0.0606 0.0030 0.0643 0.1666 0.0047 0.0994 0.2574

1267 1715 296 26.583 | 561 0.146 3.096 8.016 0.0022 0.0461 0.1193 0.0060 0.1267 0.3282 0.0092 0.1959 0.5071
562 0.146 3.096 8.016

1273 1722 617 22.651 | 254 0.146 3.096 8.016 0.0019 0.0393 0.1017 0.0051 0.1080 0.2796 0.0079 0.1669 0.4321

1274 1723 674 9.718 | 267 0.146 3.096 8.016 0.0008 0.0168 0.0436 0.0022 0.0463 0.1200 0.0034 0.0716 0.1854
268 0.146 3.096 8.016

1275 1724 292 12.225 | 565 0.146 3.096 8.016 0.0010 0.0212 0.0549 0.0027 0.0583 0.1509 0.0042 0.0901 0.2332
566 0.146 3.096 8.016

1280 1731 619 6.531 | 301 0.146 3.096 8.016 0.0005 0.0113 0.0293 0.0015 0.0311 0.0806 0.0023 0.0481 0.1246

1283 1735 291 7.144 | 571 0.146 3.096 8.016 0.0006 0.0124 0.0321 0.0016 0.0341 0.0882 0.0025 0.0526 0.1363

1285 1737 454 32.457 | 490 0.146 3.096 8.016 0.0027 0.0563 0.1457 0.0073 0.1547 0.4007 0.0113 0.2392 0.6192
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491 0.146 3.096 8.016

1296 1752 299 10.474 | 509 0.146 3.096 8.016 0.0009 0.0182 0.0470 0.0024 0.0499 0.1293 0.0036 0.0772 0.1998

1299 1755 672 6.133 | 578 0.146 3.096 8.016 0.0005 0.0106 0.0275 0.0014 0.0292 0.0757 0.0021 0.042 0.1170

1303 1760 646 9.304 | 302 0.146 3.096 8.016 0.0008 0.0161 0.0418 0.0021 0.0444 0.1149 0.0032 0.0686 0.1775
303 0.146 3.096 8.016

1304 1761 602 8.899 | 269 0.146 3.096 8.016 0.0007 0.0154 0.0399 0.0020 0.0424 0.1099 0.0031 0.0656 0.1698

1305 1763 293 10.239 | 510 0.146 3.096 8.016 0.0008 0.0178 0.0460 0.0023 0.0488 0.1264 0.0036 0.0754 0.1953
564 0.146 3.096 8.016

1309 1769 624 9.465 | 300 0.146 3.096 8.016 0.0008 0.0164 0.0425 0.0021 0.0451 0.1168 0.0033 0.0697 0.1806

1315 1776 430 6.106 | 496 0.146 3.096 8.016 0.0005 0.0106 0.0274 0.0014 0.0291 0.0754 0.0021 0.0450 0.1165

1321 1784 599 18.631 | 270 0.146 3.096 8.016 0.0015 0.0323 0.0836 0.0042 0.0888 0.2300 0.0065 0.1373 0.3554

1322 1785 287 9.172 | 575 0.146 3.096 8.016 0.0007 0.0159 0.0412 0.0021 0.0437 0.1132 0.0032 0.0676 0.1750
576 0.146 3.096 8.016

1324 1789 455 8.214 | 456 0.146 3.096 8.016 0.0007 0.0142 0.0369 0.0018 0.0392 0.1014 0.0029 0.0605 0.1567

1326 1793 414 33.950 | 495 0.146 3.096 8.016 0.0028 0.0589 0.1524 0.0076 0.1619 0.4191 0.0118 0.2502 0.6477
499 0.146 3.096 8.016

1344 1812 626 13.339 [ 299 0.146 3.096 8.016 0.0011 0.0231 0.0599 0.0030 0.0636 0.1647 0.0046 0.0983 0.2545

1356 1825 616 9.890 | 297 0.146 3.096 8.016 0.0008 0.0171 0.0444 0.0022 0.0472 0.1221 0.0034 0.0729 0.1887

1358 1827 409 12.506 | 505 0.146 3.096 8.016 0.0010 0.0217 0.0561 0.0028 0.0596 0.1544 0.0043 0.0922 0.2386

1368 1838 569 5.460 | 276 0.146 3.096 8.016 0.0004 0.0095 0.0245 0.0012 0.0260 0.0674 0.0019 0.0402 0.1042

1369 1840 369 19.298 | 507b 0.146 3.096 8.016 0.0016 0.0335 0.0866 0.0043 0.0920 0.2382 0.0067 0.1422 0.3682
508 0.146 3.096 8.016
511 0.146 3.096 8.016

1375 1846 407 9.657 | 507a 0.146 3.096 8.016 0.0008 0.0167 0.0433 0.0022 0.0460 0.1192 0.0034 0.0712 0.1842

1379 1850 658 21.356 | 572 0.146 3.096 8.016 0.0017 0.0370 0.0959 0.0048 0.1018 0.2636 0.0074 0.1574 0.4074
573 0.146 3.096 8.016

1387 1859 281 22.268 | 574 0.146 3.096 8.016 0.0018 0.0386 0.1000 0.0050 0.1062 0.2749 0.0077 0.1641 0.4248
577 0.146 3.096 8.016

1390 1862 589 15.920 | 271 0.146 3.096 8.016 0.0013 0.0276 0.0715 0.0036 0.0759 0.1965 0.0055 0.1173 0.3037
273 0.146 3.096 8.016

1397 1869 363 14.073 | 512 0.146 3.096 8.016 0.0012 0.0244 0.0632 0.0032 0.0671 0.1737 0.0049 0.1037 0.2685
513 0.146 3.096 8.016
514 0.146 3.096 8.016

1413 1887 591 4.787 | 298 0.146 3.096 8.016 0.0004 0.0083 0.0215 0.0011 0.0228 0.0591 0.0017 0.0353 0.0913

1414 1888 572 5.606 | 275 0.146 3.096 8.016 0.0005 0.0097 0.0252 0.0013 0.0267 0.0692 0.0019 0.0413 0.1069

1426 1904 585 16.146 | 295 0.146 3.096 8.016 0.0013 0.0280 0.0725 0.0036 0.0770 0.1993 0.0056 0.1190 0.3080
296 0.146 3.096 8.016

1428 1907 568 22276 | 272 0.146 3.096 8.016 0.0018 0.0386 0.1000 0.0050 0.1062 0.2750 0.0077 0.1641 0.4250
274 0.146 3.096 8.016

1429 1908 659 29.345 | 580 0.146 3.096 8.016 0.0024 0.0509 0.1317 0.0066 0.1399 0.3623 0.0102 0.2162 0.5599
581 0.146 3.096 8.016
582 0.146 3.096 8.016

1431 1910 277 7.362 | 432 0.146 3.096 8.016 0.0006 0.0128 0.0330 0.0017 0.0351 0.0909 0.0026 0.0542 0.1404

1436 1916 271 8.332 | 579 0.146 3.096 8.016 0.0007 0.0144 0.0374 0.0019 0.0397 0.1029 0.0029 0.0614 0.1590
584 0.146 3.096 8.016

1437 1917 424 10.017 | 452 0.146 3.096 8.016 0.0008 0.0174 0.0450 0.0023 0.0478 0.1237 0.0035 0.0738 0.1911

1438 1919 428 19.332 | 451 0.146 3.096 8.016 0.0016 0.0335 0.0868 0.0043 0.0922 0.2386 0.0067 0.1424 0.3688

1439 1920 581 11.266 | 289a 0.146 3.096 8.016 0.0009 0.0195 0.0506 0.0025 0.0537 0.1391 0.0039 0.0830 0.2149

1447 1934 377 14.998 | 448 0.146 3.096 8.016 0.0012 0.0260 0.0673 0.0034 0.0715 0.1851 0.0052 0.1105 0.2861

1448 19% 415 13.272 | 449 0.146 3.096 8.016 0.0011 0.0230 0.0596 0.0030 0.0633 0.1638 0.0046 0.0978 0.2532
450 0.146 3.096 8.016

1451 1939 556 5.208 | 277 0.146 3.096 8.016 0.0004 0.0090 0.0234 0.0012 0.0248 0.0643 0.0018 0.0384 0.0994

1452 1940 655 6.469 | 587 0.146 3.096 8.016 0.0005 0.0112 0.0290 0.0015 0.0308 0.0799 0.0022 0.0477 0.1234

1456 1944 439 6.534 | 442 0.146 3.096 8.016 0.0005 0.0113 0.0293 0.0015 0.0312 0.0807 0.0023 0.0481 0.1247

1461 1951 269 5.189 | 586 0.146 3.096 8.016 0.0004 0.0090 0.0233 0.0012 0.0247 0.0641 0.0018 0.0382 0.0990

1464 1954 367 7.886 | 404 0.146 3.096 8.016 0.0006 0.0137 0.0354 0.0018 0.0376 0.0973 0.0027 0.0581 0.1504

1470 1960 488 12.360 | 455 0.146 3.096 8.016 0.0010 0.0214 0.0555 0.0028 0.058 0.1526 0.0043 0.0911 0.2358

1473 1963 567 12.275 | 278 0.146 3.096 8.016 0.0010 0.0213 0.0551 0.0028 0.0585 0.1515 0.0043 0.0904 0.2342
290 0.146 3.096 8.016

1476 1968 653 5.500 | 588 0.146 3.096 8.016 0.0004 0.0095 0.0247 0.0012 0.0262 0.0679 0.0019 0.0405 0.1049
589 0.146 3.096 8.016

1477 1970 359 10.825 | 430 0.146 3.096 8.016 0.0009 0.0188 0.0486 0.0024 0.0516 0.1336 0.0038 0.0798 0.2065

1479 1972 263 5.224 | 591 0.146 3.096 8.016 0.0004 0.0091 0.0235 0.0012 0.0249 0.0645 0.0018 0.0385 0.0997

1480 1973 270 8.103 | 585 0.146 3.096 8.016 0.0007 0.0140 0.0364 0.0018 0.0386 0.1000 0.0028 0.0597 0.1546

1481 1974 397 5.156 | 447 0.146 3.096 8.016 0.0004 0.0089 0.0231 0.0012 0.0246 0.0636 0.0018 0.0380 0.0984

1482 1975 398 6.540 | 445 0.146 3.096 8.016 0.0005 0.0113 0.0294 0.0015 0.0312 0.0807 0.0023 0.0482 0.1248
446 0.146 3.096 8.016

1483 1976 273 7.805 | 431 0.146 3.096 8.016 0.0006 0.0135 0.0350 0.0018 0.0372 0.0064 0.0027 0.0575 0.1489
433 0.146 3.096 8.016

1484 1979 651 9.934 | 590 0.146 3.096 8.016 0.0008 0.0172 0.0446 0.0022 0.0474 0.1226 0.0035 0.0732 0.1895
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1488 1983 587 17.171 | 294 0.146 3.096 8.016 0.0014 0.0298 0.0771 0.00® 0.0819 0.2120 0.0060 0.1265 0.3276
1491 1987 403 7.603 | 443 0.146 3.096 8.016 0.0006 0.0132 0.0341 0.0017 0.0363 0.0939 0.0026 0.0560 0.1451
1493 1989 576 11.183 | 291 0.146 3.096 8.016 0.0009 0.0194 0.0502 0.0025 0.0533 0.1380 0.0039 0.0824 0.2133
292 0.146 3.096 8.016
1495 1992 381 5.894 | 401b 0.146 3.096 8.016 0.0005 0.0102 0.0265 0.0013 0.0281 0.0728 0.0020 0.0434 0.1124
1496 1993 400 6.593 | 444 0.146 3.096 8.016 0.0005 0.0114 0.0296 0.0015 0.0314 0.0814 0.0023 0.0486 0.1258
1507 2005 492 15.122 | 454 0.146 3.096 8.016 0.0012 0.0262 0.0679 0.0034 0.0721 0.1867 0.0053 0.1114 0.2885
1509 2007 266 13.836 | 437 0.146 3.096 8.016 0.0011 0.0240 0.0621 0.0031 0.0660 0.1708 0.0048 0.1019 0.2640
1512 2014 583 16.161 | 293 0.146 3.096 8.016 0.0013 0.0280 0.0725 0.0036 0.0771 0.1995 0.0056 0.1191 0.3083
1516 2019 256 5.714 | 436 0.146 3.096 8.016 0.0005 0.0099 0.0257 0.0013 0.0272 0.0705 0.0020 0.0421 0.1090
1518 2021 365 11.521 | 400 0.146 3.096 8.016 0.0009 0.0200 0.0517 0.0026 0.0549 0.1422 0.0040 0.0849 0.2198
403 0.146 3.096 8.016
405 0.146 3.096 8.016
1519 2022 561 9.898 | 280 0.146 3.096 8.016 0.0008 0.0172 0.0444 0.0022 0.0472 0.1222 0.0034 0.0729 0.1888
1522 2026 578 10.187 | 288b 0.146 3.096 8.016 0.0008 0.0177 0.0457 0.0023 0.0486 0.1258 0.0035 0.0751 0.1944
289b 0.146 3.096 8.016
1525 2029 267 5.172 | 438 0.146 3.096 8.016 0.0004 0.0090 0.0232 0.0012 0.0247 0.0638 0.0018 0.081 0.0987
1527 2031 121 9.110 | 407 0.146 3.096 8.016 0.0007 0.0158 0.0409 0.0020 0.0434 0.1125 0.0032 0.0671 0.1738
1528 2032 123 12.284 | 406 0.146 3.096 8.016 0.0010 0.0213 0.0551 0.0028 0.0586 0.1516 0.0043 0.0905 0.2344
1529 2033 364 14.864 | 397 0.146 3.096 8.016 0.0012 0.0258 0.0667 0.0033 0.0709 0.1835 0.0052 0.1095 0.2836
398 0.146 3.096 8.016
402 0.146 3.096 8.016
1532 2036 552 6.608 | 279 0.146 3.096 8.016 0.0005 0.0115 0.0297 0.0015 0.0315 0.0816 0.0023 0.0487 0.1261
1535 2039 255 14.339 | 434 0.146 3.096 8.016 0.0012 0.0249 0.0644 0.0032 0.0684 0.1770 0.0050 0.1057 0.2736
1537 2041 222 18.286 | 377 0.146 3.096 8.016 0.0015 0.0317 0.0821 0.0041 0.0872 0.2257 0.0064 0.1347 0.3489
1539 2045 387 10.204 | 453 0.146 3.096 8.016 0.0008 0.0177 0.0458 0.0023 0.0487 0.1260 0.0035 0.0752 0.1947
1543 2049 203 7.205 | 380 0.146 3.096 8.016 0.0006 0.0125 0.0323 0.0016 0.0344 0.0889 0.0025 0.0531 0.1375
381 0.146 3.096 8.016
1544 2050 564 5.729 | 282 0.146 3.096 8.016 0.0005 0.0099 0.0257 0.0013 0.0273 0.0707 0.0020 0.0422 0.1093
1547 2053 386 7.344 | 390 0.146 3.096 8.016 0.0006 0.0127 0.0330 0.0017 0.0350 0.0907 0.0026 0.0541 0.1401
1551 2057 153 6.605 | 399 0.146 3.096 8.016 0.0005 0.0115 0.0296 0.0015 0.0315 0.0815 0.0023 0.0487 0.1260
1552 2058 383 13.672 | 396 0.146 3.096 8.016 0.0011 0.0237 0.0614 0.0031 0.0652 0.1688 0.0048 0.1007 0.2608
40la 0.146 3.096 8.016
1554 2060 565 7039 | 281 0.146 3.096 8.016 0.0006 0.0122 0.0316 0.0016 0.0336 0.0869 0.0024 0.0519 0.1343
1557 2064 253 6.688 | 439 0.146 3.096 8.016 0.0005 0.0116 0.0300 0.0015 0.0319 0.0826 0.0023 0.0493 0.1276
441 0.146 3.096 8.016
1559 2066 251 5.656 | 440 0.146 3.096 8.016 0.0005 0.0098 0.0254 0.0013 0.0270 0.0698 0.0020 0.0417 0.1079
1561 2070 124 6.899 | 415 0.146 3.096 8.016 0.0006 0.0120 0.0310 0.0016 0.0329 0.0852 0.0024 0.0508 0.1316
416 0.146 3.096 8.016
1562 2071 60 6.228 | 286 0.146 3.096 8.016 0.0005 0.0108 0.0280 0.0014 0.0297 0.0769 0.0022 0.0459 0.1188
288a 0.146 3.096 8.016
1563 2072 59 5219 | 285 0.146 3.096 8.016 0.0004 0.0090 0.0234 0.0012 0.0249 0.0644 0.0018 0.0385 0.0996
1564 2073 58 6.952 | 287 0.146 3.096 8.016 0.0006 0.0121 0.0312 0.0016 0.0331 0.0858 0.0024 0.0512 0.1326
1575 2092 56 14.431 | 283 0.146 3.096 8.016 0.0012 0.0250 0.0648 0.0032 0.0688 0.1782 0.0050 0.1063 0.2753
284 0.146 3.096 8.016
1577 2094 120 36.684 | 418 0.146 3.096 8.016 0.0030 0.0636 0.1647 0.0082 0.1749 0.4529 0.0127 0.2703 0.6999
1580 2097 249 4.827 | 420 0.146 3.096 8.016 0.0004 0.0084 0.0217 0.0011 0.0230 0.0596 0.0017 0.0356 0.0921
1581 2098 200 10.256 | 384 0.146 3.096 8.016 0.0008 0.0178 0.0460 0.0023 0.0489 0.1266 0.0036 0.0756 0.1957
1585 2103 125 23.680 | 417 0.146 3.096 8.016 0.0019 0.0411 0.1063 0.0053 0.1129 0.2923 0.0082 0.1745 0.4518
1586 2105 202 6.464 | 383b 0.146 3.096 8.016 0.0005 0.0112 0.0290 0.0015 0.0308 0.0798 0.0022 0.0476 0.1233
1589 2108 201 11.695 | 378 0.146 3.096 8.016 0.0010 0.0203 0.0525 0.0026 0.0558 0.1444 0.0041 0.0862 0.2231
382 0.146 3.096 8.016
383a 0.146 3.096 8.016
1590 2109 224 11.768 | 375 0.146 3.096 8.016 0.0010 0.0204 0.0528 0.0026 0.0561 0.1453 0.0041 0.0867 0.2245
1592 2113 174 13.317 | 391 0.146 3.096 8.016 0.0011 0.0231 0.0598 0.0030 0.0635 0.1644 0.0046 0.0981 0.2541
392 0.146 3.096 8.016
1595 2116 78 7.744 | 311 0.146 3.096 8.016 0.0006 0.0134 0.0348 0.0017 0.0369 0.0956 0.0027 0.0571 0.1477
1597 2120 245 7.311 | 424 0.146 3.096 8.016 0.0006 0.0127 0.0328 0.0016 0.0349 0.0903 0.0025 0.0539 0.1395
1605 2129 118 8.887 | 419 0.146 3.096 8.016 0.0007 0.0154 0.0399 0.0020 0.0424 0.1097 0.0031 0.0655 0.1696
1610 2134 117 14.739 | 413 0.146 3.096 8.016 0.0012 0.0256 0.0662 0.0033 0.0703 0.1819 0.0051 0.1086 0.2812
414 0.146 3.096 8.016
1615 2140 164 9.080 | 393 0.146 3.096 8.016 0.0007 0.0157 0.0408 0.0020 0.0433 0.1121 0.0032 0.0669 0.1732
1623 2149 115 15.951 | 411 0.146 3.096 8.016 0.0013 0.0277 0.0716 0.0036 0.0760 0.1969 0.0055 0.1175 0.3043
412a 0.146 3.096 8.016
1624 2150 137 14.950 | 408 0.146 3.096 8.016 0.0012 0.0259 0.0671 0.0034 0.0713 0.1845 0.0052 0.1102 0.2852
1625 2151 146 9.671 | 395 0.146 3.096 8.016 0.0008 0.0168 0.0434 0.0022 0.0461 0.1194 0.0034 0.0713 0.1845
1628 2156 199 10.819 | 379 0.146 3.096 8.016 0.0009 0.0188 0.0486 0.0024 0.0516 0.1336 0.0038 0.0797 0.2064
1629 2157 232 43.208 | 315 0.146 3.096 8.016 0.0035 0.0749 0.1940 0.0097 0.2060 0.5334 0.0150 0.3184 0.8243
1633 2163 172 12.852 | 385 0.146 3.096 8.016 0.0011 0.0223 0.0577 0.0029 0.0613 0.1587 0.0045 0.0947 0.2452
1635 2165 96 10.955 | 421 0.146 3.096 8.016 0.0009 0.0190 0.0492 0.0025 0.0522 0.1352 0.0038 0.0807 0.2090
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422 0.146 3.096 8.016
1637 2167 165 4.767 | 394 0.146 3.096 8.016 0.0004 0.0083 0.0214 0.0011 0.0227 0.0588 0.0017 0.0351 0.0909
1638 2168 7 11.032 | 312 0.146 3.096 8.016 0.0009 0.0191 0.0495 0.0025 0.0526 0.1362 0.0038 0.0813 0.2105
1645 2177 214 11.724 | 376 0.146 3.096 8.016 0.0010 0.0203 0.0526 0.0026 0.0559 0.1447 0.0041 0.0864 0.2237
1651 2185 112 12.086 | 423 0.146 3.096 8.016 0.0010 0.0210 0.0543 0.0027 0.0576 0.1492 0.0042 0.0891 0.2306
1653 2188 45 7.726 | 313 0.146 3.096 8.016 0.0006 0.0134 0.0347 0.0017 0.0368 0.0954 0.0027 0.0569 0.1474
1656 2191 26 8.948 | 318 0.146 3.096 8.016 0.0007 0.0155 0.0402 0.0020 0.0427 0.1105 0.0031 0.0659 0.1707
1665 2204 126 8.677 | 410 0.146 3.096 8.016 0.0007 0.0150 0.0390 0.0020 0.0414 0.1071 0.0030 0.0639 0.1655
1670 2210 28 19.218 | 314 0.146 3.096 8.016 0.0016 0.0333 0.0863 0.0043 0.0916 0.2372 0.0067 0.1416 0.3666
1674 2218 90 7.405 | 425 0.146 3.096 8.016 0.0006 0.0128 0.0332 0.0017 0.0353 0.0914 0.0026 0.0546 0.1413
1676 2224 145 7.074 | 409 0.146 3.096 8.016 0.0006 0.0123 0.0318 0.0016 0.0337 0.0873 0.0025 0.0521 0.1350
1678 2226 108 6.128 | 427 0.146 3.096 8.016 0.0005 0.0106 0.0275 0.0014 0.0292 0.0756 0.0021 0.0452 0.1169
428 0.146 3.096 8.016
1680 2229 158 4.898 | 388 0.146 3.096 8.016 0.0004 0.0085 0.0220 0.0011 0.0234 0.0605 0.0017 0.036L 0.0934
1684 2233 195 7.663 | 386 0.146 3.096 8.016 0.0006 0.0133 0.0344 0.0017 0.0365 0.0946 0.0027 0.0565 0.1462
1685 2234 94 14.500 | 426 0.146 3.096 8.016 0.0012 0.0251 0.0651 0.0033 0.0691 0.1790 0.0050 0.1068 0.2766
429 0.146 3.096 8.016
1686 2235 206 5.820 | 373 0.146 3.096 8.016 0.0005 0.0101 0.0261 0.0013 0.0277 0.0718 0.0020 0.0429 0.1110
1694 2245 129 3.780 | 359 0.146 3.096 8.016 0.0003 0.0066 0.0170 0.0008 0.0180 0.0467 0.0013 0.0279 0.0721
1695 2246 155 4.984 | 389 0.146 3.096 8.016 0.0004 0.0086 0.0224 0.0011 0.0238 0.0615 0.0017 0.0367 0.0951
1697 2249 74 10.233 | 316 0.146 3.096 8.016 0.0008 0.0177 0.0459 0.0023 0.0488 0.1263 0.0036 0.0754 0.1952
1700 2253 211 8.492 | 374 0.146 3.096 8.016 0.0007 0.0147 0.0381 0.0019 0.0405 0.1048 0.0030 0.0626 0.1620
1701 2254 27 8.929 | 317 0.146 3.096 8.016 0.0007 0.0155 0.0401 0.0020 0.0426 0.1102 0.0031 0.0658 0.1703
1704 2258 189 6.911 | 387 0.146 3.096 8.016 0.0006 0.0120 0.0310 0.0016 0.0329 0.0853 0.0024 0.0509 0.1318
1716 2271 134 7.210 | 360 0.146 3.096 8.016 0.0006 0.0125 0.0324 0.0016 0.0344 0.0890 0.0025 0.0531 0.1376
1726 2285 186 6.136 | 372 0.146 3.096 8.016 0.0005 0.0106 0.0275 0.0014 0.0293 0.0757 0.0021 0.0452 0.1171
1728 2288 142 9.853 | 361 0.146 3.096 8.016 0.0008 0.0171 0.0442 0.0022 0.0470 0.1216 0.0034 0.0726 0.1880
362a 0.146 3.096 8.016
363 0.146 3.096 8.016
1729 2289 156 11.446 | 362b 0.146 3.096 8.016 0.0009 0.0198 0.0514 0.0026 0.0546 0.1413 0.0040 0.0843 0.2184
1732 2292 106 15.240 | 357 0.146 3.096 8.016 0.0012 0.0264 0.0684 0.0034 0.0727 0.1881 0.0053 0.1123 0.2907
358 0.146 3.096 8.016
1734 2294 180 6.593 | 364 0.146 3.096 8.016 0.0005 0.0114 0.02% 0.0015 0.0314 0.0814 0.0023 0.0486 0.1258
1736 2296 228 7.766 | 368 0.146 3.096 8.016 0.0006 0.0135 0.0349 0.0017 0.0370 0.0959 0.0027 0.0572 0.1482
1740 2301 227 3.445 | 365b 0.146 3.096 8.016 0.0003 0.0060 0.0155 0.0008 0.0164 0.0425 0.0012 0.0254 0.0657
1741 2305 25 15.916 | 320 0.146 3.096 8.016 0.0013 0.0276 0.0714 0.0036 0.0759 0.1965 0.0055 0.1173 0.3036
1742 2306 101 8.641 | 356 0.146 3.096 8.016 0.0007 0.0150 0.0388 0.0019 0.0412 0.1067 0.0030 0.0637 0.1649
1745 2309 98 8.365 | 354 0.146 3.096 8.016 0.0007 0.0145 0.0376 0.0019 0.0399 0.1033 0.0029 0.0616 0.1596
1746 2310 43 43.460 | 319 0.146 3.096 8.016 0.0036 0.0753 0.1951 0.0098 0.2072 0.5365 0.0151 0.3202 0.8291
1748 2312 100 11.375 | 355 0.146 3.096 8.016 0.0009 0.0197 0.0511 0.0026 0.0542 0.1404 0.0040 0.0838 0.2170
1750 2314 44 6.722 | 321 0.146 3.096 8.016 0.0005 0.0117 0.0302 0.0015 0.0320 0.0830 0.0023 0.0495 0.1282
324 0.146 3.096 8.016
1755 2319 183 15.592 | 365a 0.146 3.096 8.016 0.0013 0.0270 0.0700 0.0035 0.0743 0.1925 0.0054 0.1149 0.2975
366 0.146 3.096 8.016
367 0.146 3.096 8.016
1756 2320 230 11.487 | 371 0.146 3.096 8.016 0.0009 0.0199 0.0516 0.0026 0.0548 0.1418 0.0040 0.0846 0.2192
1761 2325 229 6.105 | 369 0.146 3.096 8.016 0.0005 0.0106 0.0274 0.0014 0.0291 0.0754 0.0021 0.0450 0.1165
1766 2331 231 11.743 | 370 0.146 3.096 8.016 0.0010 0.0204 0.0527 0.0026 0.0560 0.1450 0.0041 0.0865 0.2240
1768 2333 22 11.974 | 323 0.146 3.096 8.016 0.0010 0.0208 0.0537 0.0027 0.0571 0.1478 0.0042 0.0882 0.2284
1770 2335 37 10.259 | 350 0.146 3.096 8.016 0.0008 0.0178 0.0461 0.0023 0.0489 0.1266 0.0036 0.0756 0.1957
1771 2336 23 19.967 | 322 0.146 3.096 8.016 0.0016 0.0346 0.0896 0.0045 0.0952 0.2465 0.0069 0.1471 0.3809
325 0.146 3.096 8.016
326 0.146 3.096 8.016
328 0.146 3.096 8.016
1772 2337 66 12.793 | 353 0.146 3.096 8.016 0.0010 0.0222 0.0574 0.0029 0.0610 0.1579 0.0044 0.0943 0.2441
1773 2338 64 10.011 | 351 0.146 3.096 8.016 0.0008 0.0174 0.0449 0.0023 0.0477 0.1236 0.0035 0.0738 0.1910
1774 2339 42 13.198 | 327 0.146 3.096 8.016 0.0011 0.0229 0.0592 0.0030 0.0629 0.1629 0.0046 0.0972 0.2518
177 2340 67 7.633 | 352 0.146 3.096 8.016 0.0006 0.0132 0.0343 0.0017 0.0364 0.0942 0.0027 0.0562 0.1456
1777 2342 34 7.716 | 348 0.146 3.096 8.016 0.0006 0.0134 0.0346 0.0017 0.0368 0.0952 0.0027 0.0569 0.1472
349 0.146 3.096 8.016
1781 2346 14 14.056 | 329 0.146 3.096 8.016 0.0011 0.0244 0.0631 0.0032 0.0670 0.1735 0.0049 0.1036 0.2682
1782 2347 13 8.050 | 330 0.146 3.096 8.016 0.0007 0.0140 0.0361 0.0018 0.0384 0.0994 0.0028 0.0593 0.1536
331 0.146 3.096 8.016
1784 2349 35 25811 | 346 0.146 3.096 8.016 0.0021 0.0448 0.1159 0.0058 0.1231 0.3186 0.0090 0.1902 0.4924
347 0.146 3.096 8.016
1787 2352 16 11.780 | 332 0.146 3.096 8.016 0.0010 0.0204 0.0529 0.0026 0.0562 0.1%64 0.0041 0.0868 0.2247
333 0.146 3.096 8.016
1790 2355 18 6.090 | 334 0.146 3.096 8.016 0.0005 0.0106 0.0273 0.0014 0.0290 0.0752 0.0021 0.0449 0.1162
1792 2357 15 9.014 | 336 0.146 3.096 8.016 0.0007 0.0156 0.0405 0.0020 0.0430 0.1113 0.0031 0.0664 0.1720
1793 2358 7 26.907 | 339 0.146 3.096 8.016 0.0022 0.0467 0.1208 0.0060 0.1283 0.3322 0.0093 0.1983 0.5133
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340 0.146 3.096 8.016
341 0.146 3.096 8.016
343 0.146 3.096 8.016
344 0.146 3.096 8.016
1794 2359 4 7.267 | 337 0.146 3.096 8.016 0.0006 0.0126 0.0326 0.0016 0.0346 0.0897 0.0025 0.0535 0.1386
1795 2360 19 6.177 | 335 0.146 3.096 8.016 0.0005 0.0107 0.0277 0.0014 0.0295 0.0763 0.0021 0.0455 0.1178
1799 2364 6 5.513 | 342 0.146 3.096 8.016 0.0005 0.0096 0.0247 0.0012 0.0263 0.0680 0.0019 0.0406 0.1052
1800 2365 1 6.875 | 338 0.146 3.096 8.016 0.0006 0.0119 0.0309 0.0015 0.0328 0.0849 0.0024 0.0507 0.1312
Basin 23 1 2 1 2.867 | 23E 0.146 3.096 8.016 0.0002 0.0050 0.0129 0.0006 0.0137 0.0354 0.0010 0.0211 0.0547
5 7 5 14.232 | 23A 0.146 3.096 8.016 0.0012 0.0247 0.0639 0.0032 0.0679 0.1757 0.0049 0.1049 0.2715
6 8 7 5.8% 23B 0.146 3.096 8.016 0.0005 0.0102 0.0263 0.0013 0.0279 0.0723 0.0020 0.0431 0.1117
7 9 6 17.150 | 23C 0.146 3.096 8.016 0.0014 0.0297 0.0770 0.0039 0.0818 0.2117 0.0060 0.1264 0.3272
23D 0.146 3.096 8.016
Sub
Basin 24 | FID Basin Id gridcode
4 5 4 7.590 | 24A 0.146 3.096 8.016 0.0006 0.0132 0.0341 0.0017 0.0362 0.0937 0.0026 0.0559 0.1448
7 12 9 6.017 | 24B 0.146 3.096 8.016 0.0005 0.0104 0.0270 0.0014 0.0287 0.0743 0.0021 0.0443 0.1148
Sub
Basin 25 FID Basin Id gridcode
3 6 6 13.708 | 25D 0.146 3.096 8.016 0.0011 0.0238 0.0615 0.0031 0.0654 0.1692 0.0048 0.1010 0.2615
4 8 7 20.523 | 25A 0.146 3.096 8.016 0.0017 0.0356 0.0921 0.0046 0.0978 0.2533 0.0071 0.1512 0.3915
5 9 4 13.534 | 25B 0.146 3.096 8.016 0.0011 0.0235 0.0608 0.0030 0.0645 0.1671 0.0047 0.0997 0.2582
6 10 5 18.073 | 25C 0.146 3.096 8.016 0.0015 0.0313 0.0811 0.0041 0.0862 0.2231 0.0063 0.1332 0.3448
Sub
Basin 26 FID Basin Id gridcode
5 7 7 10.389 | 26B 0.146 3.096 8.016 0.0008 0.0180 0.0466 0.0023 0.0495 0.1282 0.0036 0.0766 0.1982
6 8 4 8.805 | 26A 0.146 3.096 8.016 0.0007 0.0153 0.0395 0.0020 0.0420 0.1087 0.0031 0.0649 0.1680
7 9 8 7.336 | 26C 0.146 3.096 8.016 0.0006 0.0127 0.0329 0.0016 0.0350 0.0906 0.0025 0.0541 0.1400
9 11 9 21.781 | 26D 0.146 3.096 8.016 0.0018 0.0378 0.0978 0.0049 0.1039 0.2689 0.0076 0.1605 0.4155
Sub
Basin 27 FID Basin Id gridcode
0 1 1 6.017 | 27B 0.146 3.096 8.016 0.0005 0.0104 0.0270 0.0014 0.0287 0.0743 0.0021 0.0443 0.1148
7 8 6 19.245 | 27A 0.146 3.096 8.016 0.0016 0.0334 0.0864 0.0043 0.0918 0.2376 0.0067 0.1418 0.3671
8 9 11 8.696 | 27E 0.146 3.096 8.016 0.0007 0.0151 0.0390 0.0020 0.0415 0.1073 0.0030 0.0641 0.1659
9 10 7 9.106 | 27C 0.146 3.096 8.016 0.0007 0.0158 0.0409 0.0020 0.0434 0.1124 0.0032 0.0671 0.1737
11 13 12 8.943 | 27D 0.146 3.096 8.016 0.0007 0.0155 0.0401 0.0020 0.0426 0.1104 0.0031 0.0659 0.1706
12 14 13 29.788 | 27F 0.146 3.096 8.016 0.0024 0.0516 0.1337 0.0067 0.1420 0.3677 0.0104 0.2195 0.5683
27G 0.146 3.096 8.016
Sub
Basin 28 | FID Basin Id gridcode
3 4 17 11.220 | 28A 0.146 3.096 8.016 0.0009 0.0195 0.0504 0.0025 0.0535 0.1385 0.0039 0.0827 0.2141
6 7 16 4.817 | 28B 0.146 3.096 8.016 0.0004 0.0084 0.0216 0.0011 0.0230 0.0595 0.0017 0.0355 0.0919
28C 0.146 3.096 8.016
28D1 0.146 3.096 8.016
7 8 8 10.118 | 28E 0.146 3.096 8.016 0.0008 0.0175 0.0454 0.0023 0.0482 0.1249 0.0035 0.0746 0.1930
8 9 11 9.194 | 28F 0.146 3.096 8.016 0.0008 0.0159 0.0413 0.0021 0.0438 0.1135 0.0032 0.0677 0.1754
11 14 9 12.717 | 28D2 0.146 3.096 8.016 0.0010 0.0220 0.0571 0.0029 0.0606 0.1570 0.0044 0.0937 0.2426
12 16 10 8.290 | 28G 0.146 3.096 8.016 0.0007 0.0144 0.0372 0.0019 0.0395 0.1023 0.0029 0.0611 0.1582
15 20 7 19.066 | 28H 0.146 3.096 8.016 0.0016 0.0331 0.0856 0.0043 0.0909 0.2354 0.0066 0.1405 0.3638
28| 0.146 3.096 8.016
18 24 2 13.538 | 28J 0.146 3.096 8.016 0.0011 0.0235 0.0608 0.0030 0.0645 0.1671 0.0047 0.0998 0.2583
20 26 3 6.416 | 28K 0.146 3.096 8.016 0.0005 0.0111 0.0288 0.0014 0.0306 0.0792 0.0022 0.0473 0.1224
28M 0.146 3.096 8.016
Sub
Basin 29 | FID Basinld gridcode
0 1 1 6.759 | 29A 0.146 3.096 8.016 0.0006 0.0117 0.0303 0.0015 0.0322 0.0834 0.0023 0.0498 0.1290
1 2 2 5.800 | 29B 0.146 3.096 8.016 0.0005 0.0101 0.0260 0.0013 0.0277 0.0716 0.0020 0.0427 0.1106
29C 0.146 3.096 8.016
2 3 3 21.103 | 29F 0.146 3.096 8.016 0.0017 0.0366 0.0947 0.0047 0.1006 0.2605 0.0073 0.1555 0.4026
29H 0.146 3.096 8.016
3 4 4 18.043 | 29G 0.146 3.096 8.016 0.0015 0.0313 0.0810 0.0041 0.0860 0.2227 0.0063 0.1330 0.3442
29 0.146 3.096 8.016
4 5 5 29.864 | 29 0.146 3.096 8.016 0.0024 0.0518 0.1341 0.0067 0.1424 0.3687 0.0104 0.2201 0.5698
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Sub

Basin 30 | FID Basin Id gridcoce
5 7 27 10.010 | 30H 0.146 3.096 8.016 0.0008 0.0174 0.0449 0.0023 0.0477 0.1236 0.0035 0.0738 0.1910
12 15 51 19.107 | 301 0.146 3.096 8.016 0.0016 0.0331 0.0858 0.0043 0.0911 0.2359 0.0066 0.1408 0.3645
13 16 22 6.125 | 30F 0.146 3.096 8.016 0.0005 0.0106 0.0275 0.0014 0.0292 0.0756 0.0021 0.0451 0.1169
30G 0.146 3.096 8.016
23 29 15 12.372 | 30D 0.146 3.096 8.016 0.0010 0.0214 0.0555 0.0028 0.0590 0.1527 0.0043 0.0912 0.2360
24 30 16 5.957 | 30E 0.146 3.096 8.016 0.0005 0.0103 0.0267 0.0013 0.0284 0.0735 0.0021 0.0439 0.1136
25 31 45 6.969 | 30K 0.146 3.096 8.016 0.0006 0.0121 0.0313 0.0016 0.0332 0.0860 0.0024 0.0513 0.1329
26 32 46 10.620 | 30J 0.146 3.096 8.016 0.0009 0.0184 0.0477 0.0024 0.0506 0.1311 0.0037 0.0782 0.2026
34 41 14 10.974 | 30C 0.146 3.096 8.016 0.0009 0.0190 0.0493 0.0025 0.0523 0.1355 0.0038 0.0809 0.2094
42 49 37 11.913 | 30N 0.146 3.096 8.016 0.0010 0.0207 0.0535 0.0027 0.0568 0.1471 0.0041 0.0878 0.2273
300 0.146 3.096 8.016
44 52 9 13.134 | 30B 0.146 3.096 8.016 0.0011 0.0228 0.0590 0.0030 0.0626 0.1621 0.0046 0.0968 0.2506
45 55 7 6.096 | 30A 0.146 3.096 8.016 0.0005 0.0106 0.0274 0.0014 0.0291 0.0753 0.0021 0.0449 0.1163
47 57 34 8.352 | 30M 0.146 3.096 8.016 0.0007 0.0145 0.0375 0.0019 0.0398 0.1031 0.0029 0.0615 0.1593
Sub
Basin 31 FID Basin Id gridcode
0 1 5 4.985 | 31D 0.146 3.096 8.016 0.0004 0.0086 0.0224 0.0011 0.0238 0.0615 0.0017 0.0367 0.0951
3 4 6 8.698 | 31B 0.146 3.096 8.016 0.0007 0.0151 0.0390 0.0020 0.0415 0.1074 0.0030 0.0641 0.1659
4 5 2 10.176 | 31A 0.146 3.096 8.016 0.0008 0.0176 0.0457 0.0023 0.0485 0.1256 0.0035 0.0750 0.1941
5 6 3 5.138 | 31C 0.146 3.096 8.016 0.0004 0.0089 0.0231 0.0012 0.0245 0.0634 0.0018 0.0379 0.0980
Sub
Basin 32 FID Basin Id gridcode
7 9 6 26.409 | 32A 0.146 3.096 8.016 0.0022 0.0458 0.1185 0.0059 0.1259 0.3260 0.0092 0.1946 0.5038
Sub
Basin 33 | FID Basin Id gridcode
0 1 3 14.444 | 33B 0.146 3.096 8.016 0.0012 0.0250 0.0648 0.0032 0.0689 0.1783 0.0050 0.1064 0.2756
1 2 4 6.744 | 33C 0.146 3.096 8.016 0.0006 0.0117 0.0303 0.0015 0.0322 0.0833 0.0023 0.0497 0.1287
2 3 2 14.099 | 33A 0.146 3.096 8.016 0.0012 0.0244 0.0633 0.0032 0.0672 0.1741 0.0049 0.1039 0.2690
3 4 5 7.547 | 33D 0.146 3.096 8.016 0.0006 0.0131 0.0339 0.0017 0.0360 0.0932 0.0026 0.0556 0.1440
7 11 8 14.933 | 33E 0.146 3.096 8.016 0.0012 0.0259 0.0670 0.0034 0.0712 0.1843 0.0052 0.1100 0.2849
8 12 10 8.184 | 33F 0.146 3.096 8.016 0.0007 0.0142 0.0367 0.0018 0.0390 0.1010 0.0028 0.0603 0.1561
10 15 11 5.755 | 33G 0.146 3.096 8.016 0.0005 0.0100 0.0258 0.0013 0.0274 0.0710 0.0020 0.0424 0.1098
Sub
Basin 34 | FID Basin Id gridcode
1 2 15 4.846 | 34B 0.146 3.096 8.016 0.0004 0.0084 0.0218 0.0011 0.0231 0.0598 0.0017 0.0357 0.0925
2 3 20 7.035 | 34F 0.146 3.096 8.016 0.0006 0.0122 0.0316 0.0016 0.0335 0.0868 0.0024 0.0518 0.1342
4 5 17 8.666 | 34H 0.146 3.096 8.016 0.0007 0.0150 0.0389 0.0019 0.0413 0.1070 0.0030 0.0639 0.1653
8 10 12 26.267 | 34A 0.146 3.096 8.016 0.0021 0.0455 0.1179 0.0059 0.1252 0.3243 0.0091 0.1935 0.5011
34C 0.146 3.096 8.016
341 0.146 3.096 8.016
10 13 7 14.673 | 34E 0.146 3.096 8.016 0.0012 0.0254 0.0659 0.0033 0.0700 0.1811 0.0051 0.1081 0.2799
11 14 8 11.076 | 34D 0.146 3.096 8.016 0.0009 0.0192 0.0497 0.0025 0.0528 0.1367 0.0038 0.0816 0.2113
18 21 4 11.273 | 34J 0.146 3.096 8.016 0.0009 0.0195 0.0506 0.0025 0.0538 0.1392 0.0039 0.0831 0.2151
Sub
Basin 35 | FID Basin Id gridcode
0 1 8 15.518 | 35B 0.146 3.096 8.016 0.0013 0.0269 0.0697 0.0035 0.0740 0.1916 0.0054 0.1143 0.2960
1 2 6 16.463 | 35C 0.146 3.096 8.016 0.0013 0.0285 0.0739 0.0037 0.0785 0.2032 0.0057 0.123 0.3141
35D 0.146 3.096 8.016
3 4 4 6.248 | 35F 0.146 3.096 8.016 0.0005 0.0108 0.0280 0.0014 0.0298 0.0771 0.0022 0.0460 0.1192
4 5 5 8.931 | 35E 0.146 3.096 8.016 0.0007 0.0155 0.0401 0.0020 0.0426 0.1102 0.0031 0.0658 0.1704
5 6 9 12.927 | 35A 0.146 3.096 8.016 0.0011 0.0224 0.0580 0.0029 0.0616 0.1596 0.0045 0.0953 0.2466
6 7 2 5.204 | 35H 0.146 3.096 8.016 0.0004 0.0090 0.0234 0.0012 0.0248 0.0642 0.0018 0.0383 0.0993
9 10 10 9.841 | 35G 0.146 3.096 8.016 0.0008 0.0171 0.0442 0.0022 0.0469 0.1215 0.0034 0.0725 0.1878
Sub
Basin 36 FID Basin Id gridcode
1 3 20 40.539 | 36C 0.146 3.096 8.016 0.0033 0.0703 0.1820 0.0091 0.1933 0.5004 0.0141 0.2987 0.7734
36D 0.146 3.096 8.016
36E 0.146 3.096 8.016
36F 0.146 3.096 8.016
36G 0.146 3.096 8.016
2 4 23 6.615 | 36A 0.146 3.096 8.016 0.0005 0.0115 0.0297 0.0015 0.0315 0.0817 0.0023 0.0487 0.1262
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36B 0.146 3.096 8.016
3 5 21 6.748 | 36H 0.146 3.096 8.016 0.0006 0.0117 0.0303 0.0015 0.0322 0.0833 0.0023 0.0497 0.1287
4 7 18 13.026 | 361 0.146 3.096 8.016 0.0011 0.0226 0.0685 0.0029 0.0621 0.1608 0.0045 0.0960 0.2485
5 8 8 5.893 | 36L 0.146 3.096 8.016 0.0005 0.0102 0.0265 0.0013 0.0281 0.0727 0.0020 0.0434 0.1124
36M 0.146 3.096 8.016
6 9 9 12.864 | 36K 0.146 3.096 8.016 0.0011 0.0223 0.0577 0.0029 0.0613 0.1588 0.0045 0.0948 0.2454
8 11 5 6.630 | 36N 0.146 3.096 8.016 0.0005 0.0115 0.0298 0.0015 0.0316 0.0818 0.0023 0.0489 0.1265
9 12 2 18.518 | 36P 0.146 3.096 8.016 0.0015 0.0321 0.0831 0.0042 0.0883 0.2286 0.0064 0.1364 0.3533
11 14 11 6.820 | 36J 0.146 3.096 8.016 0.0006 0.0118 0.0306 0.0015 0.0325 0.0842 0.0024 0.0503 0.1301
12 15 14 6.103 | 36S 0.146 3.096 8.016 0.0005 0.0106 0.0274 0.0014 0.0291 0.0753 0.0021 0.0450 0.1164
36T 0.146 3.096 8.016
16 21 16 5.897 | 36R 0.146 3.096 8.016 0.0005 0.0102 0.0265 0.0013 0.0281 0.0728 0.0020 0.0435 0.1125
36U 0.146 3.096 8.016
17 22 4 11.794 | 360 0.146 3.096 8.016 0.0010 0.0204 0.0529 0.0027 0.0562 0.1456 0.0041 0.0869 0.2250
20 25 12 10.128 [ 36Q 0.146 3.096 8.016 0.0008 0.0176 0.0455 0.0023 0.0483 0.1250 0.0035 0.0746 0.1932
Sub
Basin 37 FID Basin Id gridcode
0 1 84 17.337 | 37A 0.146 3.096 8.016 0.0014 0.0301 0.0778 0.0039 0.0827 0.2140 0.0060 0.1277 0.3308
1 2 60 8.459 | 37E 0.146 3.096 8.016 0.0007 0.0147 0.0380 0.0019 0.0403 0.1044 0.0029 0.0623 0.1614
37F 0.146 3.096 8.016
37G 0.146 3.096 8.016
2 3 61 6.904 37D 0.146 3.096 8.016 0.0006 0.0120 0.0310 0.0016 0.0329 0.0852 0.0024 0.0509 0.1317
8 13 79 10.165 | 37B 0.146 3.096 8.016 0.0008 0.0176 0.0456 0.0023 0.0485 0.1255 0.0035 0.0749 0.1939
11 16 77 13.446 | 37C 0.146 3.096 8.016 0.0011 0.0233 0.0604 0.0030 0.0641 0.1660 0.0047 0.0991 0.2565
12 17 58 22.395 | 37H 0.146 3.096 8.016 0.0018 0.0388 0.1005 0.0050 0.1068 0.2765 0.0078 0.1650 0.4273
13 18 59 6.890 | 371 0.146 3.096 8.016 0.0006 0.0119 0.0309 0.0015 0.0329 0.0851 0.0024 0.0508 0.1315
37 0.146 3.096 8.016
23 30 82 14.340 | 37V 0.146 3.096 8.016 0.0012 0.0249 0.0644 0.0032 0.0684 0.1770 0.0050 0.1057 0.2736
37W 0.146 3.096 8.016
25 32 64 27.312 | 37K 0.146 3.096 8.016 0.0022 0.0474 0.1226 0.0061 0.1302 0.3372 0.0095 0.2012 0.5211
27 34 50 16.744 | 37L 0.146 3.096 8.016 0.0014 0.0290 0.0752 0.0038 0.0798 0.2067 0.0058 0.1234 0.3194
29 36 63 4.353 | 37Q 0.146 3.096 8.016 0.0004 0.0075 0.0195 0.0010 0.0208 0.0537 0.0015 0.0321 0.0831
32 41 83 9.870 | 37U 0.146 3.096 8.016 0.0008 0.0171 0.0443 0.0022 0.0471 0.1218 0.0034 0.0727 0.1883
37 46 46 6.983 | 37M1b 0.146 3.096 8.016 0.0006 0.0121 0.0313 0.0016 0.0333 0.0862 0.0024 0.0515 0.1332
39 48 69 7.075 | 37R 0.146 3.096 8.016 0.0006 0.0123 0.0318 0.0016 0.0337 0.0873 0.0025 0.0521 0.1350
40 49 47 8.444 | 37M1 0.146 3.096 8.016 0.0007 0.0146 0.0379 0.0019 0.0403 0.1042 0.0029 0.0622 0.1611
41 50 52 20.607 | 370 0.146 3.096 8.016 0.0017 0.0357 0.0925 0.0046 0.0983 0.2544 0.0072 0.1518 0.3931
37P 0.146 3.096 8.016
43 52 44 18.204 | 37N 0.146 3.096 8.016 0.0015 0.0316 0.0817 0.0041 0.0868 0.2247 0.0063 0.1341 0.3473
52 63 33 5.616 | 3712 0.146 3.096 8.016 0.0005 0.0097 0.0252 0.0013 0.0268 0.0693 0.0020 0.0414 0.1071
56 68 30 9.726 | 37G2 0.146 3.096 8.016 0.0008 0.0169 0.0437 0.0022 0.0464 0.1201 0.0034 0.0717 0.1856
59 71 17 5.860 | 37B2 0.146 3.096 8.016 0.0005 0.0102 0.0263 0.0013 0.0279 0.0723 0.0020 0.0432 0.1118
60 72 15 11.630 | 37A2 0.146 3.096 8.016 0.0010 0.0202 0.0522 0.0026 0.0554 0.1436 0.0040 0.0857 0.2219
37C2 0.146 3.096 8.016
61 74 31 5.725 | 37P2 0.146 3.096 8.016 0.0005 0.0099 0.0257 0.0013 0.0273 0.0707 0.0020 0.0422 0.1092
62 75 27 6.655 | 37H2 0.146 3.096 8.016 0.0005 0.0115 0.0299 0.0015 0.0317 0.0822 0.0023 0.0490 0.1270
64 77 28 5.948 | 37K2 0.146 3.096 8.016 0.0005 0.0103 0.0267 0.0013 0.0284 0.0734 0.0021 0.0438 0.1135
65 78 7 5.023 | 37S2 0.146 3.096 8.016 0.0004 0.0087 0.0225 0.0011 0.0239 0.0620 0.0017 0.0370 0.0958
66 79 11 7.751 | 37Q2 0.146 3.096 8.016 0.0006 0.0134 0.0348 0.0017 0.0370 0.0957 0.0027 0.0571 0.1479
37R2 0.146 3.096 8.016
68 81 21 32.317 | 37Z 0.146 3.096 8.016 0.0026 0.0560 0.1451 0.0073 0.1541 0.398 0.0112 0.2381 0.6166
37D2 0.146 3.096 8.016
E2 0.146 3.096 8.016
37F2 0.146 3.096 8.016
69 83 8 9.301 | 37T2 0.146 3.096 8.016 0.0008 0.0161 0.0417 0.0021 0.0443 0.1148 0.0032 0.0685 0.1774
71 85 29 6.540 | 37L2 0.146 3.096 8.016 0.0005 0.0113 0.0294 0.0015 0.0312 0.0807 0.0023 0.0482 0.1248
37M2 0.146 3.096 8.016
74 89 23 8.112 | 3702 0.146 3.096 8.016 0.0007 0.0141 0.0364 0.0018 0.0387 0.1001 0.0028 0.0598 0.1548
75 90 25 13.117 | 37N2 0.146 3.096 8.016 0.0011 0.0227 0.0589 0.0029 0.0625 0.1619 0.0046 0.0967 0.2502
76 91 5 5.989 | 37Y2 0.146 3.096 8.016 0.0005 0.0104 0.0269 0.0013 0.0286 0.0739 0.0021 0.0441 0.1143
81 97 4 10.470 | 37wW2 0.146 3.096 8.016 0.0009 0.0182 0.0470 0.0024 0.0499 0.1293 0.0036 0.0771 0.1998
37X2 0.146 3.096 8.016
86 103 9 8.406 | 37U2 0.146 3.096 8.016 0.0007 0.0146 0.0377 0.0019 0.0401 0.1038 0.0029 0.0619 0.1604
37V2 0.146 3.096 8.016
Sub
Basin 38 | FID Basinld gridcode
1 2 11 15.493 | 38B 0.146 3.096 8.016 0.0013 0.0269 0.0695 0.0035 0.0739 0.1913 0.0054 0.1142 0.2956
38E 0.146 3.096 8.016
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3 4 12 17.367 | 38A 0.146 3.096 8.016 0.0014 0.0301 0.0780 0.0039 0.0828 0.2144 0.0060 0.1280 0.3313
38C 0.146 3.096 8.016
38D 0.146 3.096 8.016
5 6 8 16.185 | 38G 0.146 3.096 8.016 0.0013 0.0281 0.0727 0.0036 0.0772 0.1998 0.0056 0.1193 0.3088
38H 0.146 3.096 8.016
6 7 13 6.691 | 38F 0.146 3.096 8.016 0.0005 0.0116 0.0300 0.0015 0.0319 0.0826 0.0023 0.0493 0.1276
7 8 5 11.449 | 38J 0.146 3.096 8.016 0.0009 0.0198 0.0514 0.0026 0.0546 0.1413 0.0040 0.0844 0.2184
38K 0.146 3.096 8.016
9 11 6 10.074 | 38l 0.146 3.096 8.016 0.0008 0.0175 0.0452 0.0023 0.0480 0.1244 0.0035 0.0742 0.1922
12 14 1 28.050 | 38N 0.146 3.096 8.016 0.0023 0.0486 0.1259 0.0063 0.1337 0.3463 0.0097 0.2067 0.5351
380 0.146 3.096 8.016
Sub
Basin 39 | FID Basin Id gridcode
0 1 48 6.853 | 39C 0.146 3.096 8.016 0.0006 0.0119 0.0308 0.0015 0.0327 0.0846 0.0024 0.0505 0.1307
1 2 49 15.251 | 39A 0.146 3.096 8.016 0.0012 0.0264 0.0685 0.0034 0.0727 0.1883 0.0053 0.1124 0.2910
39B 0.146 3.096 8.016
2 3 47 6.650 | 39F 0.146 3.096 8.016 0.0005 0.0115 0.0298 0.0015 0.0317 0.0821 0.0023 0.0490 0.1269
6 7 41 12.083 | 39G 0.146 3.096 8.016 0.0010 0.0209 0.0542 0.0027 0.0576 0.1492 0.0042 0.0890 0.2305
39L 0.146 3.096 8.016
10 18 44 7.150 | 39H 0.146 3.096 8.016 0.0006 0.0124 0.0321 0.0016 0.0341 0.0883 0.0025 0.0527 0.1364
391 0.146 3.096 8.016
13 21 36 21.009 | 39D 0.146 3.096 8.016 0.0017 0.0364 0.0943 0.0047 0.1002 0.2593 0.0073 0.1548 0.4008
39E 0.146 3.096 8.016
16 24 33 14.335 | 39J 0.146 3.096 8.016 0.0012 0.0249 0.0643 0.0032 0.0683 0.1770 0.0050 0.1056 0.2735
20 29 34 8.238 | 39K 0.146 3.096 8.016 0.0007 0.0143 0.0370 0.0019 0.0393 0.1017 0.0029 0.0607 0.1572
23 32 17 9.590 | 39N 0.146 3.096 8.016 0.0008 0.0166 0.0431 0.0022 0.0457 0.1184 0.0033 0.0707 0.1830
390 0.146 3.096 8.016
24 33 15 23.947 | 39P 0.146 3.096 8.016 0.0020 0.0415 0.1075 0.0054 0.1142 0.2956 0.0083 0.1765 0.4569
27 36 25 16.218 | 39M 0.146 3.096 8.016 0.0013 0.0281 0.0728 0.0036 0.0773 0.2002 0.0056 0.1195 0.3094
30 40 13 5.487 | 39Q 0.146 3.096 8.016 0.0004 0.0095 0.0246 0.0012 0.0262 0.0677 0.0019 0.0404 0.1047
39R 0.146 3.096 8.016
31 42 12 5.253 | 39X 0.146 3.096 8.016 0.0004 0.0091 0.0236 0.0012 0.0250 0.0648 0.0018 0.0387 0.1002
43 57 11 18.374 | 39U 0.146 3.096 8.016 0.0015 0.0319 0.0825 0.0041 0.0876 0.2268 0.0064 0.1354 0.3505
39Y 0.146 3.096 8.016
44 58 5 9.562 | 39S 0.146 3.096 8.016 0.0008 0.0166 0.0429 0.0021 0.0456 0.1180 0.0033 0.0705 0.1824
45 59 9 14.639 | 39T 0.146 3.096 8.016 0.0012 0.0254 0.0657 0.0033 0.0698 0.1807 0.0051 0.1079 0.2793
39V 0.146 3.096 8.016
48 62 3 9.385 | 39w 0.146 3.096 8.016 0.0008 0.0163 0.0421 0.0021 0.0447 0.1159 0.0033 0.0692 0.1790
Sub
Basin 40 FID Basin Id gridcode
0 1 12 19.876 | 40T 0.146 3.096 8.016 0.0016 0.0345 0.0892 0.0045 0.098 0.2454 0.0069 0.1465 0.3792
1 2 11 5.957 | 40R 0.146 3.096 8.016 0.0005 0.0103 0.0267 0.0013 0.0284 0.0735 0.0021 0.0439 0.1136
408 0.146 3.096 8.016
2 3 10 7.825 | 40N 0.146 3.096 8.016 0.0006 0.0136 0.0351 0.0018 0.0373 0.0966 0.0027 0.0577 0.1493
40Q 0.146 3.096 8.016
3 4 9 5.665 | 40P 0.146 3.096 8.016 0.0005 0.0098 0.0254 0.0013 0.0270 0.0699 0.0020 0.0417 0.1081
4 5 8 9.183 | 400 0.146 3.096 8.016 0.0008 0.0159 0.0412 0.0021 0.0438 0.1134 0.0032 0.0677 0.1752
5 6 7 5.706 | 40M 0.146 3.096 8.016 0.0005 0.0099 0.0256 0.0013 0.0272 0.0704 0.0020 0.0420 0.1089
7 8 6 24.449 | 40H 0.146 3.096 8.016 0.0020 0.0424 0.1098 0.0055 0.1166 0.3018 0.0085 0.1802 0.4664
8 9 4 40.990 | 40D 0.146 3.096 8.016 0.0034 0.0711 0.1840 0.0092 0.1954 0.5060 0.0142 0.3020 0.7820
40E 0.146 3.096 8.016
40F 0.146 3.096 8.016
40G 0.146 3.096 8.016
9 10 2 13.169 | 40A 0.146 3.096 8016 0.0011 0.0228 0.0591 0.0030 0.0628 0.1626 0.0046 0.0970 0.2512
10 11 3 5.357 | 40l 0.146 3.096 8.016 0.0004 0.0093 0.0240 0.0012 0.0255 0.0661 0.0019 0.0395 0.1022
40J 0.146 3.096 8.016
40L 0.146 3.096 8.016
40K 0.146 3.096 8.016
11 12 1 10.408 | 40B 0.146 3.096 8.016 0.0009 0.0180 0.0467 0.0023 0.0496 0.1285 0.0036 0.0767 0.1986
40C 0.146 3.096 8.016
Sub
Basin 41 FID Basin Id gridcode
2 3 39 18.755 | 41F2 0.146 3.096 8.016 0.0015 0.0325 0.0842 0.0042 0.0894 0.2315 0.0065 0.1382 0.3578
411 0.146 3.096 8.016
7 11 33 6.756 E2 0.146 3.096 8.016 0.0006 0.0117 0.0303 0.0015 0.0322 0.0834 0.0023 0.0498 0.1289
8 13 24 11.348 | 41A2 0.146 3.096 8.016 0.0009 0.0197 0.0509 0.0026 0.0541 0.1401 0.0039 0.0836 0.2165
9 14 26 6.775 | 41D2 0.146 3.096 8.016 0.0006 0.0117 0.0304 0.0015 0.0323 0.0836 0.0024 0.0499 0.1293
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13 18 25 6.675 | 41B2 0.146 3.096 8.016 0.0005 0.0116 0.0300 0.0015 0.0318 0.0824 0.0023 0.0492 0.1274
14 20 21 13.402 | 41C2 0.146 3.096 8.016 0.0011 0.0232 0.0602 0.0030 0.0639 0.1654 0.0047 0.0987 0.2557
15 21 22 5.333 | 417 0.146 3.0% 8.016 0.0004 0.0092 0.0239 0.0012 0.0254 0.0658 0.0019 0.0393 0.1018
20 28 19 12.565 | 41W 0.146 3.096 8.016 0.0010 0.0218 0.0564 0.0028 0.0599 0.1551 0.0044 0.0926 0.2397
41X 0.146 3.096 8.016
41Y 0.146 3.096 8.016
21 29 28 25.297 | 41U 0.146 3.096 8.016 0.0021 0.0439 0.1136 0.0057 0.1206 0.3123 0.0088 0.1864 0.4826
22 30 29 6.934 | 41R 0.146 3.096 8.016 0.0006 0.0120 0.0311 0.0016 0.0331 0.0856 0.0024 0.0511 0.1323
41S 0.146 3.096 8.016
24 32 14 24.658 | 41Q 0.146 3.096 8.016 0.0020 0.0428 0.1107 0.0055 0.1176 0.3044 0.0086 0.1817 0.4704
41T 0.146 3.096 8.016
41V 0.146 3.096 8.016
28 36 5 7.913 | 41E 0.146 3.096 8.016 0.0006 0.0137 0.0355 0.0018 0.0377 0.0977 0.0027 0.0583 0.1510
29 37 15 21.138 | 41M 0.146 3.096 8.016 0.0017 0.0366 0.0949 0.0048 0.1008 0.2609 0.0073 0.1558 0.4033
41P 0.146 3.096 8.016
30 38 2 10.211 | 41C 0.146 3.096 8.016 0.0008 0.0177 0.0458 0.0023 0.0487 0.1260 0.0035 0.0752 0.1948
41D 0.146 3.096 8.016
32 41 12 17.397 | 41L 0.146 3.096 8.016 0.0014 0.0302 0.0781 0.0039 0.0829 0.2148 0.0060 0.1282 0.3319
41N 0.146 3.096 8.016
410 0.146 3.096 8.016
34 43 8 17.658 | 41F 0.146 3.096 8.016 0.0014 0.0306 0.0793 0.0040 0.0842 0.2180 0.0061 0.1301 0.3369
41G 0.146 3.096 8.016
35 44 1 16.825 | 41A 0.146 3.096 8.016 0.0014 0.0292 0.0755 0.0038 0.0802 0.2077 0.0058 0.1240 0.3210
41B 0.146 3.096 8.016
36 45 13 13.551 | 36K 0.146 3.096 8.016 0.0011 0.0235 0.0608 0.0030 0.0646 0.1673 0.0047 0.0999 0.2585
37 46 9 6.995 | 41H 0.146 3.096 8.016 0.0006 0.0121 0.0314 0.0016 0.0334 0.0864 0.0024 0.0515 0.1335
41 0.146 3.096 8.016
Sub
Basin 42 | FID Basin Id gridcode
1 2 13 14.483 | 42A 0.146 3.096 8.016 0.0012 0.0251 0.0650 0.0033 0.0691 0.1788 0.0050 0.1067 0.2763
42H 0.146 3.096 8.016
8 9 6 4.168 | 42B 0.146 3.096 8.016 0.0003 0.0072 0.0187 0.0009 0.0199 0.0515 0.0014 0.0307 0.0795
9 11 3 17.861 | 42G 0.146 3.096 8.016 0.0015 0.0310 0.0802 0.0040 0.0852 0.2205 0.0062 0.1316 0.3408
12 16 2 17.868 | 42E 0.146 3.096 8.016 0.0015 0.0310 0.0802 0.0040 0.0852 0.2206 0.0062 0.1317 0.3409
42F 0.146 3.096 8.016
42D 0.146 3.096 8.016
13 17 1 6.013 | 42C 0.146 3.096 8.016 0.0005 0.0104 0.0270 0.0014 0.0287 0.0742 0.0021 0.0443 0.1147
Sub
Basin 43 | FID basin Id gridcode
0 1 53 9.310 | 430 0.146 3.006 8.016 0.0008 0.0161 0.0418 0.0021 0.0444 0.1149 0.0032 0.0686 0.1776
3 4 52 5.381 | 43M 0.146 3.096 8.016 0.0004 0.0093 0.0242 0.0012 0.0257 0.0664 0.0019 0.0397 0.1027
43N 0.146 3.096 8.016
6 7 49 5.533 | 43L 0.146 3.096 8.016 0.0005 0.0096 0.0248 0.0012 0.0264 0.0683 0.0019 0.0408 0.1056
8 10 46 7.904 | 43R 0.146 3.096 8.016 0.0006 0.0137 0.0355 0.0018 0.0377 0.0976 0.0027 0.0582 0.1508
10 12 43 11.839 | 43Q 0.146 3.096 8.016 0.0010 0.0205 0.0531 0.0027 0.0564 0.1461 0.0041 0.0872 0.2259
11 14 41 4.592 | 43K 0.146 3.096 8.016 0.0004 0.0080 0.0206 0.0010 0.0219 0.0567 0.0016 0.0338 0.0876
13 17 47 6.345 | 43S 0.146 3.096 8.016 0.0005 0.0110 0.0285 0.0014 0.0303 0.0783 0.0022 0.0468 0.1211
14 20 37 18.993 | 43I 0.146 3.096 8.016 0.0016 0.0329 0.0853 0.0043 0.0906 0.2345 0.0066 0.1399 0.3624
43) 0.146 3.096 8.016
43P 0.146 3.096 8.016
15 22 45 6.938 | 43T 0.146 3.096 8.016 0.0006 0.0120 0.0311 0.0016 0.0331 0.0856 0.0024 0.0511 0.1324
18 25 35 21.847 | 43E 0.146 3.096 8.016 0.0018 0.0379 0.0981 0.0049 0.1042 0.2697 0.0076 0.1610 0.4168
43F 0.146 3.096 8.016
43G 0.146 3.096 8.016
20 28 34 14.849 | 43D 0.146 3.096 8.016 0.0012 0.0257 0.0667 0.0033 0.0708 0.1833 0.0052 0.1094 0.2833
22 31 32 6.020 | 43w 0.146 3.096 8.016 0.0005 0.0104 0.0270 0.0014 0.0287 0.0743 0.0021 0.0444 0.1148
25 36 16 10.263 | 43H 0.146 3.096 8.016 0.0008 0.0178 0.0461 0.0023 0.0489 0.1267 0.0036 0.0756 0.1958
26 38 20 14.591 | 43U 0.146 3.096 8.016 0.0012 0.0253 0.0655 0.0033 0.0696 0.1801 0.0051 0.1075 0.2784
27 39 25 7.085 | 43V 0.146 3.096 8.016 0.0006 0.0123 0.0318 0.0016 0.0338 0.0875 0.0025 0.0522 0.1352
31 43 12 10.058 | 43C 0.146 3.096 8.016 0.0008 0.0174 0.0451 0.0023 0.0480 0.1242 0.0035 0.0741 0.1919
35 48 33 10.712 | 43X 0.146 3.096 8.016 0.0009 0.0186 0.0481 0.0024 0.0511 0.1322 0.0037 0.0789 0.2044
37 51 5 5.171 | 43B 0.146 3.096 8.016 0.0004 0.0090 0.0232 0.0012 0.0247 0.0638 0.0018 0.0381 0.0986
43 58 3 22.745 | 43A 0.146 3.096 8.016 0.0019 0.0394 0.1021 0.0051 0.1084 0.2808 0.0079 0.1676 0.4339
44 59 31 8.316 | 43Y 0.146 3.096 8.016 0.0007 0.0144 0.0373 0.0019 0.0396 0.1027 0.0029 0.0613 0.1586
52 68 27 17.189 | 437 0.146 3.096 8.016 0.0014 0.0298 0.0772 0.0039 0.0820 0.2122 0.0060 0.1267 0.3279
53 69 21 18.535 | 43A2 0.146 3.096 8.016 0.0015 0.0321 0.0832 0.0042 0.0884 0.2288 0.0064 0.1366 0.3536
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Annex_3
Table A3:Peak runoff Volume of depression areagatural suface catchment, in Semi urban area surface catchment amthémized area surface

catchment
FID Id gridcode Area in Ha bluspot name | Depresion Runoff volume(m) on Natural state area Runoff volume(n) on Semi urbanized areas Runoff volume(n) on CityBusiness areas
Actual Dry Season Mid wet Wet Season( Dry Season Mid wet Wet Season( Dry Season Mid wet Wet Season(
volume(m3) (Nov) seasor{Apr) Aug) (Nov) seasor(Apr) Aug) (Nov) seasor(Apr) Aug)
Basin 48 1158 1502 291 9.84 133 3 2.897 6.144 15.908 7.968 16.897 43.748 12.314 26.113 67.610
134 4
1242 1594 281 8.81 131 2 2.594 5.502 14.244 7.135 15.129 39.172 11.026 23.382 60.538
1262 1615 273 10.77 66b 1 3.169 6.720 17.400 8.715 18.481 47.850 13.469 28.561 73.950
1267 1620 279 6.11 130 2 1.798 3.812 9.871 4.944 10.484 27.145 7.641 16.202 41.951
1354 1729 196 15.88 62a 0 4.675 9.914 25.669 12.857 27.263 70.589 19.870 42.134 109.092
64 0
65 0
1359 1735 179 6.12 62b 1 1.800 3.818 9.885 4.951 10.499 27.185 7.652 16.226 42.013
1360 1736 180 10.17 63 1 2.994 6.348 16.436 8.232 17.457 45.198 12.722 26.979 69.851
1378 1762 191 9.62 61 2 2.831 6.003 15.544 7.785 16.509 42.745 12.032 25.514 66.060
1408 1803 189 8.49 60 6 2.500 5.301 13.725 6.874 14.577 37.743 10.624 22.529 58.330
1411 1807 185 5.63 59 1 1.657 3.514 9.097 4.557 9.663 25.018 7.042 14.933 38.664
1428 1832 186 7.90 58b 0 2.326 4.933 12.773 6.397 13.566 35124 9.887 20.966 54.283
1431 1836 161 17.91 45 3 5.272 11.180 28.947 14.499 30.745 79.604 22.407 47.515 123.024
1432 1837 173 6.35 47 1 1.869 3.964 10.262 5.140 10.900 28.221 7.944 16.845 43.614
1438 1844 182 11.41 55 3 3.359 7.123 18.442 9.237 19.588 50.716 14.276 30.273 78.380
56 1
58a 1
1444 1852 176 21.33 50 5 6.277 13.310 34.462 17.261 36.603 94.770 26.676 56.568 146.463
52 2
53 1
54 4
1452 1863 145 5.19 42a 2 1.529 3.242 8.394 4.204 8.916 23.084 6.498 13.779 35.675
1458 1870 143 5.67 44 3 1.669 3.540 9.166 4.591 9.736 25.207 7.095 15.046 38.956
1469 1887 152 16.84 48 1 4.958 10.513 27.221 13.634 28.912 74.857 21.071 44.682 115.688
49 2
1483 1903 142 10.43 42b 1 3.070 6.510 16.854 8.442 17.902 46.350 13.047 27.666 71.631
43 16
1499 1924 125 7.97 19 6 2.347 4.977 12.885 6.454 13685 35.433 9.974 21.150 54.761
1501 1926 146 10.49 17 3 3.087 6.546 16.948 8.489 18.001 46.608 13.119 27.820 72.030
18 9
1504 1929 148 10.15 16 1 2.987 6.335 16.402 8.215 17.421 45.106 12.696 26.923 69.709
1511 1939 111 13.84 9 1 4.073 8.638 22.364 11.201 23.753 61.501 17.311 36.710 95.047
10 1
1513 1941 115 27.78 20 23 8.178 17.342 44.900 22.489 47.689 123.475 34.756 73.702 190.824
1514 1942 100 6.82 14 2 2.008 4.258 11.024 5.522 11.709 30.316 8.534 18.096 46.853
1519 1948 113 9.65 15 5 2.841 6.025 15.599 7.813 16.568 42.898 12.075 25.606 66.297
1523 1954 114 5.66 8 2 1.667 3.534 9.151 4.584 9.720 25.166 7.084 15.022 38.893
1543 1989 97 18.99 7 6 5.589 11.852 30.686 15.370 32593 84.387 23.754 50.371 130.417
1546 1993 98 8.56 5 5 2.518 5.340 13.826 6.925 14.685 38.021 10.702 22.694 58.759
6 3
1557 2005 3 9.70 1 1 2.855 6.053 15.673 7.850 16.646 43.100 12.132 25.726 66.609
Basin 49 922 1271 1006 9.64 239 2 2.836 6.014 15.571 7.799 16.538 42.820 12.053 25.559 66.177
939 1303 1002 11.59 240 1 3.413 7.237 18.737 9.385 19.901 51.527 14.504 30.756 79.633
945 1310 880 11.58 611 6 3.408 7.226 18.709 9.371 19.872 51.451 14.483 30.711 79.515
951 1319 908 6.93 601 1 2.039 4.324 11.196 5.608 11.892 30.790 8.667 18.378 47.584
954 1323 991 3.75 242 1 1.104 2.341 6.061 3.036 6.438 16.668 4.692 9.949 25.760
960 1332 882 5.54 612 2 1.631 3.458 8.952 4.484 9.508 24619 6.930 14.695 38.047
964 1338 883 6.30 613 1 1.856 3.935 10.188 5.103 10.821 28.017 7.886 16.723 43.299
614a 0
968 1344 905 4.94 604 1 1.453 3.081 7.978 3.996 8.473 21.939 6.175 13.095 33.905
972 1349 904 13.03 603 1 3.834 8.131 21.052 10.544 22.360 57.892 16.296 34.556 89.470
607 2
978 1356 827 13.41 615 3 3.948 8.372 21.677 10.857 23.024 59.612 16.780 35.582 92.127
979 1357 906 5.22 602 1 1.537 3.259 8.438 4.226 8.962 23.204 6.531 13.850 35.861
986 1366 995 31.65 238 4 9.314 19.752 51.140 25.615 54.317 140.634 39.586 83.944 217.344
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987 1369 815 8.74 625 3 2.573 5.457 14.129 7.077 15.007 38.855 10.937 23.192 60.048
990 1373 998 27.61 241 1 8.126 17.232 44.616 22.347 47.388 122.695 34.536 73.236 189.619
994 1377 823 12.60 616 2 3.709 7.866 20.365 10.200 21.631 56.005 15.764 33.429 86.553
997 1381 810 9.90 626 2 2.914 6.178 15.997 8.012 16.991 43.991 12.383 26.258 67.986
998 1382 751 6.04 605 0 1.779 3.772 9.766 4.891 10.372 26.856 7.559 16.030 41.504
606 1
999 1383 938 5.72 535 1 1.683 3.569 9.240 4.628 9.814 25.410 7.152 15.167 39.270
1000 1384 798 8.88 627 1 2.613 5.542 14.348 7.187 15.240 39.458 11.107 23.552 60.981
1002 1387 748 7.84 608 1 2.308 4.894 12.671 6.346 13.458 34.845 9.808 20.799 53.851
1013 1402 785 18.92 632 7 5.570 11.811 30.581 15.317 32.481 84.098 23.672 50.198 129.970
1015 1404 745 7.43 548 2 2.187 4.638 12.009 6.015 12.755 33.025 9.296 19.713 51.039
1019 1408 784 28.49 225 3 8.386 17.784 46.045 23.063 48.906 126.624 35.643 75.582 195.692
1023 1412 927 7.33 547 0 2.158 4.575 11.846 5.934 12.582 32.578 9.170 19.446 50.347
1024 1413 928 8.52 545 2 2.508 5.318 13.770 6.897 14.625 37.867 10.659 22.603 58.521
1025 1414 779 6.92 243 1 2.036 4.318 11.180 5.600 11.875 30.746 8.655 18.352 47.517
244 5
1026 1415 778 5.31 245 1 1.562 3.313 8.578 4.297 9.111 23.590 6.640 14.081 36.457
1029 1419 945 19.76 519 3 5.816 12.333 31.933 15.994 33.917 87.816 24.719 52.417 135.715
520a 1
523 3
524 1
1030 1420 735 20.86 609 3 6.138 13.017 33.702 16.881 35.796 92.682 26.088 55.321 143.235
610 1
1035 1426 929 14.63 544 2 4.305 9.130 23.638 11.840 25.106 65.004 18.298 38.801 100.461
1038 1429 783 7.46 631 3 2.195 4.655 12.053 6.037 12.802 33.147 9.330 19.785 51.226
1040 1432 775 6.78 246 2 1.996 4.233 10.960 5.490 11.641 30.140 8.484 17.991 46.580
1041 1433 731 9.57 621 1 2.816 5.970 15.458 7.743 16.419 42,511 11.966 25.375 65.699
633 4
1043 1435 931 21.30 536 4 6.269 13.294 34.421 17.240 36.559 94.657 26.644 56.501 146.289
541 2
542 1
543 1
1044 1436 937 16.80 525 0 4.946 10.488 27.155 13.601 28.842 74.677 21.020 44.574 115.410
1047 1441 730 6.81 622 0 2.004 4.251 11.005 5.512 11.689 30265 8.519 18.065 46.773
1049 1443 765 19.14 628 1 5.633 11.945 30.928 15.491 32.850 85.052 23.941 50.768 131.445
1051 1445 739 15.11 549 4 4.446 9.429 24.413 12.228 25.930 67.135 18.897 40.073 103.755
552 1
1055 1450 725 15.70 619 1 4.622 9.802 25.378 12.711 26.955 69.790 19.645 41.658 107.858
1058 1454 781 7.10 247 3 2.090 4.431 11.474 5.747 12.186 31.552 8.881 18.833 48.763
1060 1456 769 1143 251 2 3.363 7.132 18.466 9.249 19.613 50.782 14.294 30.312 78.481
1064 1461 716 14.03 624 1 4.129 8.755 22.669 11.354 24.077 62.339 17.547 37.210 96.341
1065 1462 718 25.08 617 1 7.381 15.652 40.524 20.298 43.042 111.442 31.369 66.520 172.229
618 0
1068 1467 721 4.88 623 0 1.437 3.048 7.892 3.953 8.383 21.704 6.109 12.955 33.542
1070 1469 332 12.88 532 1 3.790 8.036 20.808 10.422 22.100 57.221 16.107 34.155 88.432
533 1
534 2
1072 1471 354 10.16 517 2 2.990 6.341 16.418 8.2 17.438 45.148 12.708 26.949 69.775
1074 1475 708 10.43 629 2 3.069 6.507 16.848 8.439 17.895 46.332 13.042 27.655 71.604
1076 1477 330 10.96 538 2 3.225 6.839 17.707 8.869 18.807 48.695 13.707 29.066 75.256
1078 1481 331 8.88 537 1 2.613 5.541 14.345 7.185 15.236 39.449 11.104 23.547 60.967
1079 1482 333 14.53 531 0 4.278 9.072 23.488 11.764 24.947 64.591 18.181 38.554 99.823
1084 1488 350 8.95 518 0 2.634 5.586 14.463 7.244 15.361 39.772 11.195 23.740 61.466
1085 1489 773 12.90 248 2 3.798 8.054 20.852 10.444 22.148 57.344 16.141 34.229 88.623
1089 1496 758 8.61 630 2 2.534 5.373 13.910 6.967 14.774 38.253 10.768 22.833 59.118
1092 1499 346 12.56 520b 0 3.696 7.837 20.291 10.163 21.551 55.800 15.707 33.307 86.236
526 0
1097 1505 343 16.19 527 0 4.765 10.105 26.163 13.105 27.789 71.949 20.252 42.946 111.194
1098 1507 709 10.60 600 2 3.121 6.619 17.137 8.583 18.201 47.126 13.265 28.129 72.831
1102 1512 319 7.82 539 2 2.301 4.879 12.634 6.328 13.49 34.743 9.779 20.738 53.693
1103 1514 339 10.49 529 2 3.086 6.545 16.945 8.488 17.998 46.600 13.117 27.815 72.018
1109 1520 715 7.34 597 1 2.161 4.583 11.866 5.943 12.603 32.631 9.185 19.477 50.429
1110 1521 720 5.49 596 0 1.615 3.425 8.868 4.442 9.419 24.388 6.865 14.557 37.690
1112 1524 335 7.86 530 3 2.314 4.907 12.705 6.363 13.494 34.938 9.834 20.854 53.994
1117 1530 320 23.70 540 3 6.975 14.790 38.294 19.180 40.673 105.307 29.642 62.858 162.748
550 1
551 1
1124 1538 695 7.97 592 1 2.344 4.971 12.872 6.447 13.671 35.397 9.964 21.128 54.705
1127 1542 770 12.03 252 1 3.541 7.510 19.443 9.739 20.651 53.469 15.051 31.915 82.634
1129 1544 696 17.11 557 1 5.037 10.682 27.658 13853 29.376 76.058 21.409 45.399 117.545
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2

1132 1548 303 7.68 554 2 2.261 4.795 12.415 6.218 13.186 34.142 9.610 20.379 52.764

1133 1549 348 6.94 487 1 2.043 4.332 11.217 5.618 11.914 30.848 8.683 18.413 47.674

1134 1550 352 32.51 484 8 9.568 20.290 52.535 26.313 55.798 144.470 40.666 86.234 223.273
486 1

1137 1553 304 13.80 553 4 4.063 8.615 22.306 11.172 23.692 61.342 17.267 36.615 94.801

1140 1557 340 9.85 493 1 2.899 6.148 15.99 7.973 16.908 43.777 12.322 26.130 67.655

1141 1560 325 8.05 501 2 2.369 5.023 13.006 6.514 13.813 35.765 10.067 21.348 55.273

1143 1563 469 11.75 483 1 3.458 7.332 18.985 9.509 20.164 52.208 14.696 31.163 80.685

1144 1564 639 14.32 249 0 4.216 8.941 23.148 11.594 24.586 63.658 17.919 37.997 98.381

1145 1565 640 7.53 250 1 2.215 4.697 12.162 6.092 12.918 33.447 9.415 19.964 51.690

1146 1566 761 11.45 259a 3 3.369 7.144 18.498 9.265 19.647 50.869 14.319 30.364 78.616

1148 1569 688 4.86 593 0 1.431 3.034 7.855 3.934 8.343 21.601 6.080 12.894 33.383

1150 1572 689 11.86 594 2 3.490 7.401 19.163 9.598 20.354 52.699 14.834 31.456 81.445
595 1

1151 1573 698 1211 599 2 3.566 7.561 19.576 9.805 20.793 53.835 15.154 32.134 83.199

1152 1575 316 7.62 555 1 2.243 4.756 12.315 6.168 13.080 33.866 9.533 20.214 52.338

1153 1576 345 24.05 492 1 7.078 15.010 38.864 19.466 41.278 106.875 30.083 63.793 165.170

1157 1581 341 12.96 494 1 3.816 8.092 20.951 10.494 22.52 57.615 16.218 34.390 89.041

1159 1583 756 7.78 259b 8 2.289 4.855 12.570 6.296 13.351 34.568 9.730 20.634 53.424

1160 1585 693 10.26 560 5 3.020 6.404 16.581 8.305 17.611 45.598 12.835 27.217 70.469

1168 1595 301 11.86 559 1 3.490 7.400 19.161 9.597 20.351 52.692 14.832 31.452 81.433

1170 1598 638 9.45 309 1 2.783 5.901 15.278 7.652 16.227 42.015 11.827 25.079 64.933
310 5

1172 1600 612 8.44 255 4 2.484 5.268 13.639 6.832 14.487 37.508 10.558 22.388 57.967

1178 1608 754 9.60 260 7 2.825 5.990 15.509 7.768 16.473 42.650 12.005 25.458 65.914
261 0

1183 1613 691 7.66 563 1 2.254 4.779 12.374 6.198 13.143 34.029 9.579 20.312 52.590

1185 1615 322 10.68 500 1 3.144 6.666 17.260 8.645 18.333 47.466 13.361 28.332 73.357

1191 1621 687 5.56 569 3 1.637 3.472 8.990 4.503 9.548 24.722 6.959 14.757 38.207

1193 1627 635 5.88 256 1 1.730 3.668 9.498 4.757 10.088 26.120 7.352 15.591 40.368

1196 1631 644 10.06 307 1 2.962 6.281 16.264 8.146 17.274 44.725 12.589 26.696 69.120
308 0

1197 1632 682 19.78 598 4 5.821 12.344 31.960 16.008 33.945 87.890 24.739 52.461 135.830

1200 1636 643 10.04 305 3 2.956 6.268 16.228 8.128 17.236 44.626 12.562 26.637 68.%68
306 0

1204 1640 307 9.38 556 1 2.761 5.854 15.157 7.592 16.099 41.683 11.733 24.880 64.419

1207 1643 692 8.34 567 1 2.455 5.206 13.480 6.752 14.318 37.071 10.435 22.127 57.291

1209 1645 462 5.99 482 0 1.763 3.738 9.678 4.848 10.280 26.616 7.492 15.887 41.133

1211 1648 315 20.25 502 1 5.961 12.640 32.727 16.392 34.761 90.000 25.333 53.721 139.091

1217 1658 610 19.14 253 4 5.633 11.945 30.928 15.491 32.849 85.051 23.940 50.767 131.442
257 1
258 1

1222 1663 460 9.17 485 4 2.700 5.725 14.823 7.425 15.744 40.764 11.474 24.332 62.998

1226 1668 683 19.42 568 2 5.716 12.122 31.385 15.720 33.334 86.308 24.294 51.517 133.384
570 1

1229 1673 676 8.66 265 1 2.548 5.402 13.988 7.006 14.857 38.466 10.827 22.960 59.447
266 2

1234 1678 604 7.62 264b 2 2.243 4.757 12.318 6.170 13.083 33.873 9.535 20.219 52.350

1235 1679 609 10.11 262 4 2.977 6.313 16345 8.187 17.361 44.950 12.653 26.830 69.468
263 4

1236 1680 311 7.92 503 2 2.332 4.945 12.803 6.413 13.598 35.208 9.910 21.015 54.412
504 0

1239 1683 421 6.61 497 3 1.945 4.124 10.677 5.348 11.341 29.363 8.265 17.527 45.379
498 1

1247 1692 458 9.35 488 1 2.753 5.839 15.117 7.572 16.056 41.572 11.702 24.814 64.247
489 2

1252 1699 618 5.34 264a 2 1571 3.331 8.623 4.319 9.159 23.714 6.675 14.155 36.650

1259 1707 312 4.73 506 1 1.393 2.953 7.646 3.830 8.121 21.028 5.919 12.551 32.497

1264 1712 645 13.49 304 1 3.971 8.421 21.804 10.921 23.158 59.960 16.878 35.790 92.666

1267 1715 296 26.58 561 0 7.824 16.592 42.958 21.517 45.@7 118.135 33.253 70.514 182.572
562 1

1273 1722 617 22.65 254 4 6.667 14.138 36.604 18.334 38.878 100.662 28.334 60.085 155.568

1274 1723 674 9.72 267 1 2.860 6.066 15.705 7.866 16.681 43.189 12.157 25.779 66.747
268 0

1275 1724 292 12.22 565 1 3.598 7.630 19.756 9.895 20.983 54.328 15.292 32.428 83.962
566 1

1280 1731 619 6.53 301 0 1.922 4.076 10.554 5.286 11.210 29.024 8.170 17.324 44.855

1283 1735 291 7.14 571 3 2.103 4.459 11.544 5.782 12.262 31.747 8.936 18.950 49.063

1285 1737 454 32.46 490 2 9.553 20.258 52.451 26.271 55.710 144.240 40.601 86.097 222.917
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1

1296 1752 299 10.47 509 1 3.083 6.538 16.927 8.478 17.978 46.548 13.103 27.784 71.938

1299 1755 672 6.13 578 2 1.805 3.828 9.911 4.964 10.527 27.255 7.672 16.268 42.121

1303 1760 646 9.30 302 0 2.739 5.807 15.036 7.531 15.970 41.350 11.639 24.682 63.904
303 0

1304 1761 602 8.90 269 3 2.619 5.554 14.381 7.203 15.274 39.548 11.132 23.606 61.119

1305 1763 293 10.24 510 1 3.014 6.391 16.547 8.288 17.575 45.505 12.809 27.162 70.326
564 0

1309 1769 624 9.46 300 1 2.786 5.908 15.296 7.661 16.246 42.063 11.840 25.107 65.006

1315 1776 430 6.11 496 1 1.797 3.811 9.868 4.943 10.481 27.137 7.639 16.198 41.939

1321 1784 599 18.63 270 2 5.484 11.628 30.107 15.080 31.978 82.795 23.305 49.420 127.956

1322 1785 287 9.17 575 1 2.700 5.725 14.822 7.424 15.743 40.761 11.474 24.330 62.994
576 0

1324 1789 455 8.21 456 4 2418 5.127 13.274 6.648 14.098 36.503 10.275 21.788 56.413

1326 1793 414 33.95 495 2 9.993 21.190 54.865 27.480 58.273 150.878 42.470 90.059 233.175
499 0

1344 1812 626 13.34 299 2 3.926 8.325 21.556 10.797 22.895 59.278 16.686 35.383 91.611

1356 1825 616 9.89 297 3 2911 6.173 15.983 8.006 16.976 43.954 12.372 26.236 67.929

1358 1827 409 1251 505 0 3.681 7.806 20.21 10.123 21.466 55.580 15.645 33.175 85.896

1368 1838 569 5.46 276 2 1.607 3.408 8.824 4.420 9.372 24.266 6.831 14.485 37.503

1369 1840 369 19.30 507b 0 5.680 12.045 31.186 15.620 33.123 85.761 24.140 51.190 132.539
508 1
511 2

1375 1846 407 9.66 507a 0 2.842 6.027 15.606 7.816 16.575 42.916 12.080 25.616 66.324

1379 1850 658 21.36 572 1 6.286 13.330 34.512 17.286 36.656 94.909 26.715 56.651 146.677
573 1

1387 1859 281 22.27 574 1 6.554 13.899 35.985 18.024 38.221 98.960 27.855 59.069 152.937
577 2

1390 1862 589 15.92 271 4 4.686 9.936 25.727 12.886 27.325 70.749 19.915 42.230 109.339
273 6

1397 1869 363 14.07 512 1 4.142 8.784 22.743 11.391 24.155 62.542 17.604 37.331 96.656
513 1
514 1

1413 1887 591 4.79 298 1 1.409 2.988 7.737 3.875 8.217 21.276 5.989 12.699 32.881

1414 1888 572 5.61 275 1 1.650 3.499 9.059 4.538 9.622 24.913 7.013 14.870 38.502

1426 1904 585 16.15 295 2 4.752 10.077 26.092 13.069 27.713 71.752 20.197 42.829 110.889
296 0

1428 1907 568 22.28 272 3 6.557 13.904 35.999 18.031 38.23% 98.998 27.866 59.092 152.997
274 2

1429 1908 659 29.35 580 5 8.637 18.316 47.423 23.753 50.369 130.413 36.709 77.843 201.547
581 2
582 4

1431 1910 277 7.36 432 2 2.167 4.595 11.897 5.959 12.636 32.716 9.209 19.528 50.561

1436 1916 271 8.33 579 0 2.452 5.200 13.464 6.744 14.301 37.026 10.422 22.101 57.222
584 0

1437 1917 424 10.02 452 0 2.948 6.252 16.188 8.108 17.194 44.517 12.531 26.572 68.799

1438 1919 428 19.33 451 1 5.690 12.066 31.241 15.648 33.182 85.914 24.183 51.282 132.776

1439 1920 581 11.27 289a 0 3.316 7.032 18.206 9.119 19.337 50.066 14.093 29.884 77.375

1447 1934 377 15.00 448 0 4.415 9.361 24.238 12.140 25743 66.653 18.762 39.785 103.010

1448 1935 415 13.27 449 1 3.907 8.284 21.448 10.743 22.781 58.983 16.603 35.207 91.156
450 0

1451 1939 556 5.21 277 3 1.533 3.250 8.416 4.215 8.939 23.144 6.515 13.814 35.767

1452 1940 655 6.47 587 1 1.904 4.038 10.454 5.236 11.103 28.748 8.092 17.160 44.429

1456 1944 439 6.53 442 1 1.923 4.078 10.559 5.289 11.215 29.037 8.173 17.332 44.875

1461 1951 269 5.19 586 2 1.527 3.239 8.386 4.200 8.907 23.062 6.492 13.766 35.642

1464 1954 367 7.89 404 1 2.321 4.922 12.743 6.383 13.535 35.044 9.864 20.918 54.159

1470 1960 488 12.36 455 1 3.638 7.714 19.974 10.004 21.214 54.927 15.461 32.786 84.887

1473 1963 567 12.27 278 5 3.613 7.661 19.836 9.936 21.069 54.550 15.355 32.561 84.305
290 2

1476 1968 653 5.50 588 1 1.619 3.433 8.887 4.452 9.440 24.441 6.880 14.589 37.772
589 3

1477 1970 359 10.82 430 1 3.186 6.756 17.493 8.762 18.580 48.105 13.541 28.714 74.344

1479 1972 263 5.22 591 0 1.538 3.261 8.443 4.229 8.967 23.218 6.535 13.859 35.882

1480 1973 270 8.10 585 1 2.385 5.057 13.094 6.558 13.907 36.008 10.136 21.493 55.649

1481 1974 397 5.16 447 0 1.518 3.218 8.332 4.173 8.850 22.913 6.450 13.677 35.412

1482 1975 398 6.54 445 0 1.925 4.082 10.569 5.294 11.226 29.066 8.182 17.349 44.920
446 1

1483 1976 273 7.81 431 0 2.297 4.872 12.614 6.318 13.397 34.687 9.764 20.705 53.608
433 1

1484 1979 651 9.93 590 1 2.924 6.201 16.054 8.041 17.051 44.149 12.427 26.352 68.230
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1488 1983 587 17.17 294 1 5.054 10.717 27.748 13.898 29.472 76.308 21.479 45.548 117.930
1491 1987 403 7.60 443 1 2.238 4.745 12.287 6.154 13.050 33.788 9.511 20.168 52.219
1493 1989 576 11.18 291 5 3.291 6.980 18.071 9.051 19.194 49.696 13.989 29.663 76.803
292 1
1495 1992 381 5.89 401b 0 1.735 3.679 9.525 4.771 10.117 26.194 7.373 15.635 40.482
1496 1993 400 6.59 444 2 1.941 4.115 10.655 5.337 11317 29.301 8.248 17.490 45.283
1507 2005 492 15.12 454 3 4.451 9.438 24.437 12.240 25.956 67.203 18.916 40.113 103.859
1509 2007 266 13.84 437 1 4.072 8.636 22.359 11.199 23.748 61.488 17.308 36.702 95.027
1512 2014 583 16.16 293 3 4.757 10.087 26.116 13.081 27.739 71.819 20.216 42.869 110.994
1516 2019 256 5.71 436 1 1.682 3.567 9.234 4.625 9.808 25.395 7.148 15.158 39.246
1518 2021 365 11.52 400 1 3.391 7.191 18.617 9.325 19.774 51.198 14.411 30.560 79.124
403 1
405 0
1519 2022 561 9.90 280 1 2.913 6.178 15.995 8.011 16.989 43.986 12.381 26.255 67.979
1522 2026 578 10.19 288b 0 2.998 6.358 16.463 8.246 17.485 45.272 12.743 27.023 69.967
289b 1
155 2029 267 5.17 438 4 1.522 3.228 8.358 4.186 8.877 22.984 6.469 13.719 35.520
1527 2031 121 9.11 407 0 2.681 5.686 14.722 7.374 15.637 40.485 11.396 24.166 62.568
1528 2032 123 12.28 406 6 3.616 7.667 19.851 9.943 21.084 54.590 15.366 32.585 84.366
1529 2033 364 14.86 397 2 4.375 9.278 24.021 12.031 25.513 66.057 18.594 39.429 102.089
398 1
402 0
1532 2036 552 6.61 279 3 1.945 4.125 10.679 5.349 11.343 29.368 8.266 17.530 45.386
1535 2039 255 14.34 434 1 4.220 8.950 23.172 11.606 24.612 63.723 17.937 38.036 98.482
1537 2041 222 18.29 377 4 5.382 11.413 29.550 14.801 31.386 81.263 22.874 48.506 125.589
1539 2045 387 10.20 453 0 3.004 6.369 16.490 8.260 17.515 45.349 12.765 27.069 70.085
1543 2049 203 7.20 380 1 2121 4.497 11.643 5.832 12.367 32.019 9.013 19.112 49.483
381 1
1544 2050 564 5.73 282 1 1.686 3.575 9.257 4.637 9.833 25.458 7.166 15.196 39.344
1547 2053 386 7.34 390 1 2.162 4.584 11868 5.944 12.605 32.636 9.187 19.480 50.438
1551 2057 153 6.60 399 5 1.944 4.123 10.674 5.346 11.337 29.353 8.262 17.521 45.364
1552 2058 383 13.67 396 1 4.024 8.533 22.094 11.066 23.467 60.758 17.102 36.267 93.899
401a 0
1554 2060 565 7.04 281 1 2.072 4.394 11.376 5.698 12.083 31.284 8.806 18.673 48.348
1557 2064 253 6.69 439 1 1.969 4.175 10.809 5.414 11.480 29.724 8.367 17.742 45.937
441 1
1559 2066 251 5.66 440 1 1.665 3.530 9.141 4.578 9.709 25.138 7.076 15.005 38.849
1561 2070 124 6.90 415 1 2.031 4.306 11.149 5.584 11.841 30.659 8.630 18.300 47.382
416 1
1562 2071 60 6.23 286 3 1.833 3.887 10.064 5.041 10.689 27.677 7.790 16.520 42.773
288a 0
1563 2072 59 5.22 285 0 1.536 3.257 8.434 4.224 8.958 23.192 6.528 13.843 35.843
1564 2073 58 6.95 287 2 2.046 4.339 11.235 5.627 11.933 30.896 8.697 18.442 47.748
1575 2092 56 14.43 283 1 4.248 9.007 23.322 11.681 24.771 64.135 18.053 38.282 99.117
284 1
1577 2094 120 36.68 418 3 10.798 22.897 59.283 29.693 62.966 163.028 45.889 97.311 251.952
1580 2097 249 4.83 420 1 1421 3.013 7.800 3.907 8.285 21.451 6.038 12.804 33.151
1581 2038 200 10.26 384 1 3.019 6.401 16.574 8.302 17.604 45.579 12.830 27.206 70.440
1585 2103 125 23.68 417 2 6.970 14.780 38.267 19.167 40.645 105.235 29.622 62.815 162.637
1586 2105 202 6.46 383b 0 1.903 4.035 10.447 5.232 11.096 28.728 8.086 17.148 44.08
1589 2108 201 11.70 378 1 3.442 7.300 18.900 9.466 20.074 51.974 14.630 31.023 80.324
382 2
383a 0
1590 2109 224 11.77 375 1 3.464 7.345 19.017 9.525 20.199 52.298 14.721 31.216 80.824
1592 2113 174 13.32 391 3 3.920 8.312 21.520 10.779 22.857 59.181 16.658 35.325 91.461
392 1
1595 2116 78 7.74 311 1 2.279 4.833 12,514 6.268 13.291 34.413 9.687 20.541 53.184
1597 2120 245 7.31 424 5 2.152 4.563 11.815 5918 12.549 32.491 9.146 19.394 50.213
1605 2129 118 8.89 419 1 2.616 5.547 14.362 7.194 15.255 39.496 11.118 23.575 61.040
1610 2134 117 14.74 413 0 4.338 9.199 23.819 11.930 25.298 65.501 18.437 39.097 101.229
414 1
1615 2140 164 9.08 393 3 2.672 5.667 14.673 7.349 15.585 40.351 11.358 24.085 62.360
1623 2149 115 15.95 411 0 4.695 9.956 25.777 12.911 27.378 70.886 19.953 42.311 109.550
412a 0
1624 2150 137 14.95 408 1 4.400 9.331 24.159 12.101 25.660 66.438 18.701 39.656 102.676
1625 2151 146 9.67 395 1 2.846 6.036 15.628 7.828 16.599 42.978 12.098 25.654 66.421
1628 2156 199 10.82 379 1 3.184 6.753 17.483 8.757 18.569 48.079 13.533 28.698 74.304
1629 2157 232 43.21 315 1 12.718 26.969 69.826 34.974 74.164 192.021 54.051 114.617 296.760
1633 2163 172 12.85 385 1 3.783 8.022 20.769 10.403 22.059 57.115 16.077 34.092 88.269
1635 2165 96 10.95 421 1 3.224 6.837 17.703 8.867 18.803 48.684 13.704 29.059 75.239
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1637 2167 165 4.77 394 1 1.403 2.975 7.704 3.859 8.182 21.186 5.963 12.646 32.741
1638 2168 7 11.03 312 5 3.247 6.885 17.827 8.929 18.935 49.025 13.800 29.263 75.766
1645 2177 214 11.72 376 1 3.451 7.318 18.947 9.490 20.124 52103 14.666 31.100 80.524
1651 2185 112 12.09 423 1 3.557 7.543 19.531 9.783 20.745 53.711 15.119 32.060 83.008
1653 2188 45 7.73 313 1 2.274 4.822 12.486 6.254 13.262 34.337 9.665 20.495 53.066
1656 2191 26 8.95 318 2 2.634 5.585 14.460 7.243 15.3%8 39.765 11.193 23.735 61.455
1665 2204 126 8.68 410 3 2.554 5.416 14.023 7.024 14.894 38.563 10.855 23.018 59.597
1670 2210 28 19.22 314 2 5.657 11.995 31.057 15.555 32.986 85.406 24.040 50.979 131.991
1674 2218 90 7.40 425 0 2.180 4.622 11.967 5.994 12.710 32.908 9.263 19.643 50.858
1676 2224 145 7.07 409 1 2.082 4.415 11.432 5.726 12.142 31.437 8.849 18.765 48.584
1678 2226 108 6.13 427 0 1.804 3.825 9.903 4.960 10.518 27.232 7.665 16.255 42.086
428 2
1680 2229 158 4.90 388 0 1.442 3.057 7.915 3.964 8.407 21.766 6.127 12.992 33.638
1684 2233 195 7.66 386 3 2.256 4.783 12.384 6.203 13.154 34.056 9.586 20.328 52.633
1685 2234 94 14.50 426 1 4.268 9.050 23.432 11.736 24.888 64.438 18.138 38.463 99.586
429 4
1686 2235 206 5.82 373 1 1.713 3.633 9.405 4.711 9.990 25.865 7.280 15.439 39.973
1694 2245 129 3.78 359 1 1.113 2.359 6.109 3.060 6.488 16.799 4.729 10.028 25.963
1695 2246 155 4.98 389 1 1.467 3.111 8.055 4.035 8.555 22.151 6.235 13.222 34.234
1697 2249 74 10.23 316 2 3.012 6.387 16.537 8.283 17.564 45.476 12.801 27.145 70.281
1700 2253 211 8.49 374 1 2.500 5.300 13.724 6.874 14.576 37.740 10.623 22.527 58.326
1701 2254 27 8.93 317 3 2.628 5.573 14.429 7.27 15.326 39.680 11.169 23.685 61.324
1704 2258 189 6.91 387 1 2.034 4.313 11.168 5.594 11.862 30.712 8.645 18.332 47.464
1716 2271 134 7.21 360 6 2.122 4.500 11.652 5.836 12.376 32.043 9.019 19.126 49.520
1726 2285 186 6.14 372 1 1.806 3.830 9.916 4.966 10.532 27.268 7.675 16.276 42.142
1728 2288 142 9.85 361 1 2.900 6.150 15.922 7.975 16.912 43.787 12.325 26.136 67.670
362a 0
363 2
1729 2289 156 11.45 362b 1 3.369 7.144 18.496 9.264 19.645 50.865 14.318 30.361 78.609
1732 2292 106 15.24 357 4 4.486 9.512 24.628 12.335 26.158 67.727 19.064 40.426 104.668
358 1
1734 2294 180 6.59 364 4 1.941 4.115 10.655 5.337 11.317 29.301 8.248 17.489 45.283
1736 2296 228 7.77 368 0 2.286 4.847 12.550 6.286 13.330 34.514 9.715 20.601 53.340
1740 2301 227 3.44 365b 0 1.014 2.150 5.567 2.788 5.913 15.310 4.309 9.138 23.661
1741 2305 25 15.92 320 3 4.685 9.934 25.720 12.883 27.318 70.731 19.910 42.219 109.312
1742 2306 101 8.64 356 5 2.543 5.393 13.964 6.994 14.832 38.402 10.810 22.922 59.349
1745 2309 98 8.37 354 1 2.462 5.221 13.518 6.771 14.358 37.175 10.464 22.190 57.452
1746 2310 43 43.46 319 3 12.792 27.125 70.232 35.177 74.595 193.137 54.365 115.83 298.485
1748 2312 100 11.37 355 0 3.348 7.100 18.382 9.207 19.524 50.550 14.229 30.173 78.122
1750 2314 44 6.72 321 1 1.978 4.195 10.863 5.441 11.537 29.872 8.409 17.831 46.166
324 2
1755 2319 183 15.59 365a 0 4.589 9.732 25.197 12.621 26.763 69.293 19.505 41.361 107.089
366 1
367 1
1756 2320 230 11.49 371 1 3.381 7.170 18.564 9.298 19.717 51.051 14.370 30.472 78.897
1761 2325 229 6.10 369 0 1.797 3.810 9.866 4.941 10.479 27.131 7.637 16.194 41.929
1766 2331 231 11.74 370 1 3.456 7.329 18.977 9.505 20.156 52.186 14.689 31.150 80.651
1768 2333 22 11.97 323 1 3.524 7.473 19.350 9.692 20.552 53.212 14.978 31.762 82.237
1770 2335 37 10.26 350 1 3.020 6.403 16.579 8.304 17.609 45.591 12.833 27.213 70.459
1771 2336 23 19.97 322 1 5.877 12.463 32.267 16.162 34.272 88.735 24.977 52.966 137.136
325 3
326 0
328 2
1772 2337 66 12.79 353 2 3.765 7.985 20.674 10.355 21.958 56.853 16.003 33.936 87.864
1773 2338 64 10.01 351 2 2.946 6.248 16.177 8.103 17.182 44.488 12.522 26.554 68.753
1774 2339 42 13.20 327 1 3.885 8.238 21.328 10.683 22.653 58.653 16.510 35.010 90.646
1775 2340 67 7.63 352 5 2.247 4.764 12.336 6.179 13.102 33.923 9.549 20.249 52.426
1777 2342 34 7.72 348 1 2271 4.816 12.469 6.245 13.243 34.289 9.652 20.467 52.992
349 2
1781 2346 14 14.06 329 2 4.137 8.773 22.714 11.377 24.126 62.465 17.583 37.285 96.536
1782 2347 13 8.05 330 3 2.369 5.025 13.009 6.516 13.818 35.776 10.070 21.355 55.290
331 2
1784 2349 35 25.81 346 6 7.597 16.110 41.711 20.892 44.303 114.706 32.288 68.468 177.273
347 0
1787 2352 16 11.78 332 4 3.467 7.352 19.036 9.535 20.219 52.350 14.736 31.248 80.905
333 2
1790 2355 18 6.09 334 2 1.792 3.801 9.841 4.929 10.453 27.064 7.618 16.154 41.826
1792 2357 15 9.01 336 1 2.653 5.626 14.566 7.296 15.471 40.058 11.276 23.910 61.907
1793 2358 7 26.91 339 0 7.920 16.794 43.483 21.780 46.185 119.579 33.659 71.376 184.804
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340 0
341 1
343 0
344 3
1794 2359 4 7.27 337 4 2.139 4.536 11.744 5.882 12.474 32.297 9.091 19.278 49.913
1795 2360 19 6.18 335 2 1.818 3.855 9.982 5.000 10.603 27.452 7.727 16.386 42.425
1799 2364 6 5.51 342 1 1.623 3441 8.908 4.462 9.462 24.498 6.896 14.623 37.860
1800 2365 1 6.87 338 0 2.023 4.291 11.110 5.565 11.800 30.552 8.600 18.236 47.216
Basin 23 1 2 1 2.87 23E 2 0.844 1.789 4.633 2.321 4.921 12.741 3.586 7.605 19.691
5 7 5 14.23 23A 5 4.189 8.883 23.000 11.520 24.429 63.249 17.804 37.753 97.749
6 8 7 5.85 23B 3 1.723 3.654 9.461 4.739 10.049 26.019 7.324 15.531 40.211
7 9 6 17.15 23C 5 5.048 10.704 27.714 13.881 29.436 76.214 21.453 45.492 117.785
23D 3
Basin 24 FID Sub Basin Id gridcode
4 5 4 7.59 24A 4 2.234 4.737 12.266 6.144 13.028 33.731 9.495 20.134 52.130
7 12 9 6.02 24B 2 1.771 3.756 9.724 4.870 10.328 26.740 7.527 15.961 41.326
Basin 25 FID Sub Basin Id gridcode
3 6 6 13.71 25D 9 4.035 8.556 22.152 11.095 23.528 60.919 17.148 36.362 94.147
4 8 7 20.52 25A 6 6.041 12.809 33.165 16.612 35.226 91.205 25.672 54.440 140.953
5 9 4 13.53 25B 2 3.984 8.447 21.871 10.955 23.230 60.146 16.930 35.901 92.953
6 10 5 18.07 25C 7 5.319 11.280 29.206 14.628 31.020 80.316 22.608 47.940 124.125
Basin 26 FID Sub Basin Id gridcode
5 7 7 10.39 26B 1 3.058 6.484 16.789 8.409 17.832 46.170 12.996 27.559 71.353
6 8 4 8.80 26A 1 2.592 5.496 14.229 7.127 15.113 39.129 11.014 23.356 60.473
7 9 8 7.34 26C 1 2.159 4.579 11.856 5.938 12.592 32.603 9.177 19.461 50.386
9 11 9 21.78 26D 3 6.411 13.595 35.199 17.630 37.386 96.798 27.247 57.779 149.597
Basin 27 FID Sub Basin Id gridcode Volume
0 1 1 6.02 27B 2 1.771 3.755 9.723 4.870 10.327 26.738 7.526 15.960 41.323
7 8 6 19.24 27A 4 5.664 12.012 31.100 15.577 33.032 85.524 24.074 51.049 132.174
8 9 11 8.70 27E 3 2.560 5.428 14.053 7.039 14.926 38.646 10.878 23.068 59.725
9 10 7 9.11 27C 4 2.680 5.684 14.716 7.371 15.630 40.469 11.391 24.156 62.543
11 13 12 8.94 27D 2 2.632 5.582 14.452 7.239 15.350 39.742 11.187 23.722 61.420
12 14 13 29.79 27F 1 8.768 18.593 48.139 24.111 51.130 132.382 37.263 79.018 204.590
27G 3
Basin 28 FID Sub Basin |d gridcode
3 4 17 11.22 28A 1 3.303 7.003 18.133 9.082 19.259 49.864 14.036 29.764 77.063
6 7 16 4.82 28B 0 1.418 3.006 7.784 3.899 8.268 21.406 6.026 12.777 33.083
28C 0
28D1 0
7 8 8 10.12 28E 2 2.978 6.315 16.351 8.190 17.367 44.965 12.657 26.840 69.492
8 9 11 9.19 28F 1 2.706 5.739 14.858 7.442 15.781 40.859 11.501 24.389 63.146
11 14 9 12.72 28D2 1 3.743 7.937 20.551 10.293 21.828 56.515 15.908 33.734 87.341
12 16 10 8.29 28G 0 2.440 5.174 13.397 6.710 14.229 36.841 10.370 21.991 56.937
15 20 7 19.07 28H 1 5.612 11.900 30.812 15.433 32.726 84.732 23.851 50.577 130.950
28l 1
18 24 2 13.54 28J 2 3.985 8.450 21.877 10958 23.237 60.163 16.935 35.911 92.979
20 26 3 6.42 28K 0 1.888 4.004 10.368 5.193 11.012 28.513 8.026 17.019 44.065
28M 1
Basin 29 FID Sub Basin Id gridcode Volume
0 1 1 6.76 29A 2 1.990 4.219 10.923 5.471 11.602 30.039 8.456 17.930 46.425
1 2 2 5.80 29B 0 1.707 3.620 9.372 4.694 9.955 25.774 7.255 15.384 39.832
29C 0
2 3 3 21.10 29F 1 6.211 13.171 34.102 17.081 36.221 93.781 26.398 55.978 144.935
29H 0
3 4 4 18.04 29G 1 5.311 11.262 29.158 14.605 30.970 80.185 22.571 47.862 123.922
29J 1
4 5 5 29.86 291 5 8.790 18.640 48.262 24.173 51.260 132.719 37.358 79.220 205.112
Basin 30 FID Sub Basin Id gridcode
5 7 27 10.01 30H 1 2.946 6.248 16.176 8.102 17.181 44.483 12.521 26.552 68.747
12 15 51 19.11 301 1 5.624 11.925 30.877 15.465 32.795 84.911 23.901 50.683 131226
13 16 22 6.13 30F 1 1.803 3.823 9.899 4.958 10.514 27.221 7.662 16.248 42.069
30G 1
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23 29 15 12.37 30D 3 3.641 7.722 19.993 10.014 21.235 54.981 15.476 32.818 84.971
24 30 16 5.96 30E 2 1.753 3.718 9.626 4.822 10224 26.472 7.451 15.801 40.912
25 31 45 6.97 30K 1 2.051 4.349 11.261 5.640 11.961 30.969 8.717 18.485 47.860
26 32 46 10.62 30J 0 3.126 6.628 17.161 8.596 18.228 47.194 13.284 28.170 72.936
34 41 14 10.97 30C 2 3.230 6.849 17.734 8.882 18.836 48.768 13.727 29.110 75.369
42 49 37 11.91 30N 3 3.506 7.435 19.251 9.643 20.447 52.942 14.902 31.601 81.819
300 2
44 52 9 13.13 30B 1 3.866 8.198 21.225 10.631 22.543 58.368 16.430 34.840 90.205
45 55 7 6.10 30A 1 1.794 3.805 9.851 4.934 10.463 27.091 7.626 16.171 41.868
47 57 34 8.35 30M 1 2.458 5.213 13.498 6.761 14.336 37.118 10.448 22.156 57.365
Basin 31 FID Sub Basin Id gridcode Volume
0 1 5 4.98 31D 2 1.467 3.111 8.055 4.035 8.556 22.152 6.235 13.222 34.235
3 4 6 8.70 31B 0 2.560 5.429 14.055 7.040 14.929 38.653 10.880 23.072 59.736
4 5 2 10.18 31A 0 2.995 6.352 16.445 8.237 17.467 45.225 12.730 26.994 69.893
5 6 3 5.14 31C 0 1.512 3.207 8.304 4.159 8.820 22.836 6.428 13.630 35.291
Basin 32 FID Sub Basin Id gridcode
7 9 6 26.41 32A 1 7.773 16.483 42.678 21.376 45.329 117.364 33.036 70.054 181.381
Basin 33 FID Sub Basin Id gridcode Volume
0 1 3 14.44 33B 3 4.251 9.015 23.342 11.691 24.792 64.191 18.069 38.315 99.204
1 2 4 6.74 33C 1 1.985 4.209 10.899 5.459 11.576 29.971 8.436 17.890 46.319
2 3 2 14.10 33A 3 4.150 8.800 22.785 11.412 24.201 62.659 17.637 37.401 96.836
3 4 5 7.55 33D 7 2.221 4.710 12.196 6.109 12.954 33.539 9.441 20.019 51.833
7 11 8 14.93 33E 1 4.395 9.320 24.131 12.087 25.631 66.362 18.680 39.611 102.559
8 12 10 8.18 33F 1 2.409 5.108 13.225 6.624 14047 36.369 10.237 21.709 56.207
10 15 11 5.76 33G 0 1.694 3.592 9.301 4.658 9.878 25.577 7.199 15.267 39.528
Basin 34 FID Sub Basin Id gridcode Volume
1 2 15 4.85 34B 1 1.426 3.025 7.832 3.923 8.318 21.537 6.062 12.856 33.285
2 3 20 7.03 34F 2 2.071 4.391 11.369 5.694 12.075 31.263 8.800 18.661 48.316
4 5 17 8.67 34H 6 2.551 5.409 14.004 7.014 14.874 38.511 10.840 22.987 59.517
8 10 12 26.27 34A 3 7.731 16.395 42.448 21.261 45.085 116.72 32.858 69.677 180.405
34C 1
341 1
10 13 7 14.67 34E 1 4.319 9.158 23.712 11.877 25.185 65.207 18.355 38.922 100.775
11 14 8 11.08 34D -1 3.260 6.913 17.900 8.966 19.012 49.225 13.856 29.382 76.075
18 21 4 11.27 34J 1 3.318 7.036 18.218 9.125 19.350 50.100 14.102 29.905 77.428
Basin 35 FID Sub Basin Id gridcode Volume
0 1 8 15.52 35B 1 4.567 9.685 25.077 12.560 26.635 68.961 19.411 41.163 106.577
1 2 6 16.46 35C 1 4.846 10.276 26.605 13.326 28.258 73.164 20.595 43.672 113.072
35D 1
3 4 4 6.25 35F 0 1.839 3.900 10.098 5.058 10.725 27.768 7.816 16.575 42.915
4 5 5 8.93 35E 0 2.629 5.574 14.433 7.28 15.329 39.690 11.172 23.691 61.339
5 6 9 12.93 35A 0 3.805 8.068 20.890 10.463 22.188 57.448 16.171 34.290 88.783
6 7 2 5.20 35H 1 1.532 3.248 8.410 4.212 8.932 23.127 6.510 13.805 35.742
9 10 10 9.84 35G 1 2.897 6.142 15.904 7.966 16.892 43.735 12.311 26.105 67.591
Basin 36 FID Sub Basin Id gridcode Volume
1 3 20 40.54 36C 1 11.932 25.302 65.512 32.813 69.581 180.157 50.711 107.535 278.424
36D 3
36E 1
36F 2
36G 1
2 4 23 6.61 36A 1 1.947 4.129 10.690 5.354 11.354 29.397 8.275 17.547 45.431
36B 2
3 5 21 6.75 36H 1 1.986 4.212 10.905 5.462 11582 29.988 8.441 17.900 46.345
4 7 18 13.03 36l 3 3.834 8.130 21.050 10.543 22.357 57.887 16.294 34.552 89.462
5 8 8 5.89 36L 1 1.734 3.678 9.523 4.770 10.115 26.188 7.372 15.632 40.473
36M 1
6 9 9 12.86 36K 1 3.786 8.029 20.789 10.412 22.080 57.169 16.092 34.124 88.352
8 11 5 6.63 36N 2 1.951 4.138 10.714 5.366 11.379 29.463 8.293 17.586 45.533
9 12 2 18.52 36P 3 5.451 11.558 29.926 14.989 31.785 82.295 23.165 49.122 127.184
11 14 11 6.82 36J 1 2.007 4.257 11021 5.520 11.706 30.308 8.531 18.091 46.840
12 15 14 6.10 36S 0 1.796 3.809 9.863 4.940 10.476 27.124 7.635 16.190 41.919
36T 1
16 21 16 5.90 36R 0 1.736 3.681 9.530 4.773 10.122 26.208 7.377 15.643 40.503
36U 0
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17 22 4 11.79 360 1 3.471 7.361 19.060 9.546 20.244 52.414 14.754 31.286 81.003
20 25 12 10.13 36Q 1 2.981 6.322 16.368 8.198 17.384 45.011 12.670 26.867 69.562
Basin 37 FID Sub Basin Id gridcode Volume
0 1 84 17.34 37A 5 5.103 10.821 28.017 14.033 29.758 77.047 21.687 45.989 119.072
1 2 60 8.46 37E 0 2.490 5.280 13.670 6.847 14.519 37.592 10.581 22.438 58.096
37F 2
37G 1
2 3 61 6.90 37D 0 2.032 4.309 11.157 5.588 11.851 30.683 8.637 18.315 47.419
8 13 79 10.17 37B 1 2.992 6.345 16.427 8.228 17.448 45.175 12.716 26.965 69.815
11 16 77 13.45 37C 1 3.958 8.392 21.729 10.883 23.078 59.753 16.820 35.667 92.346
12 17 58 22.39 37H 2 6.592 13.978 36.191 18.127 38.439 99.525 28.014 59.406 153.811
13 18 59 6.89 371 0 2.028 4.301 11.135 5.577 11.826 30.620 8.619 18.277 47.322
37 1
23 30 82 14.34 37V 1 4.221 8.950 23.174 11.607 24.613 63.727 17.938 38.039 98.488
37W 1
25 32 64 27.31 37K 5 8.039 17.047 44.136 22.107 46.878 121.375 34.165 72.448 187.579
27 34 50 16.74 37L 1 4.928 10.451 27.059 13.553 28.740 74.413 20.946 44.417 115.001
29 36 63 4.35 37Q 1 1.281 2.717 7.035 3.524 7.472 19.346 5.446 11.548 29.899
32 41 83 9.87 37U 1 2.905 6.161 15.951 7.989 16.942 43.864 12.347 26.182 67.790
37 46 46 6.98 37M1b 1 2.055 4.359 11.285 5.652 11.986 31.034 8.736 18.524 47.962
39 48 69 7.08 37R 3 2.083 4.416 11.434 5.727 12.144 31.443 8.851 18.768 48.594
40 49 47 8.44 37M1 3 2.485 5.270 13.646 6.835 14.494 37.527 10.563 22.400 57.996
41 50 52 20.61 370 7 6.065 12.862 33.302 16.680 35.371 91.580 25.778 54.664 141.532
37P 4
43 52 44 18.20 37N 5 5.358 11.362 29.418 14.735 31.246 80.900 22.772 48.289 125.028
52 63 33 5.62 3712 1 1.653 3.505 9.075 4.546 9.639 24.957 7.025 14.897 38.570
56 68 30 9.73 37G2 1 2.863 6.071 15.718 7.873 16.694 43.223 12.167 25.800 66.800
59 71 17 5.86 37B2 1 1.725 3.658 9.470 4.743 10.059 26.043 7.331 15.545 40.249
60 72 15 11.63 37A2 1 3.423 7.259 18.794 9.413 19.961 51.683 14.548 30.849 79.874
37C2 1
61 74 31 5.73 37P2 2 1.685 3.573 9.252 4.63% 9.827 25.442 7.162 15.187 39.320
62 75 27 6.66 37H2 2 1.959 4.154 10.755 5.387 11.423 29.576 8.325 17.654 45.709
64 77 28 5.95 37K2 5 1.751 3.713 9.613 4.815 10.210 26.435 7.441 15.779 40.854
65 78 7 5.02 37S2 0 1.478 3.135 8.117 4.066 8.622 22322 6.283 13.324 34.498
66 79 11 7.75 37Q2 0 2.281 4.838 12.525 6.274 13.303 34.444 9.695 20.560 53.232
37R2 7
68 81 21 32.32 37Z 6 9.512 20.171 52.226 26.158 55.470 143.621 40.427 85.727 221.959
37D2 3
E2 2
37F2 1
69 83 8 9.30 3772 1 2.737 5.805 15.030 7.528 15.964 41.332 11.634 24.671 63.877
71 85 29 6.54 37L2 0 1.925 4.082 10.569 5.294 11.226 29.065 8.181 17.349 44.919
37M2 1
74 89 23 8.11 3702 1 2.388 5.063 13.109 6.566 13.923 36.050 10.147 21.518 55.713
75 90 25 13.12 37N2 0 3.861 8.187 21.197 10.617 22.514 58.292 16.408 34.794 90.087
76 91 5 5.99 37Y2 1 1.763 3.738 9.678 4.847 10.279 26.614 7.491 15.886 41.131
81 97 4 10.47 37wW2 1 3.082 6.535 16.920 8.475 17.971 46.530 13.097 27.774 71.910
37X2 1
86 103 9 8.41 3702 0 2.474 5.247 13.585 6.804 14.429 37.358 10.516 22.299 57.735
37V2 1
Basin 38 FID Sub Basinld gridcode
1 2 11 15.49 38B 1 4.560 9.670 25.036 12.540 26.592 68.850 19.380 41.096 106.405
38E 0
3 4 12 17.37 38A 0 5.112 10.840 28.066 14.058 29.810 77.182 21.725 46.070 119.282
38C 2
38D 1
5 6 8 16.19 38G 1 4.764 10.102 26.156 13.101 27.781 71.929 20.247 42.934 111.163
38H 1
6 7 13 6.69 38F 3 1.969 4.176 10.813 5.416 11.484 29.735 8.370 17.749 45.954
7 8 5 11.45 38J 1 3.370 7.146 18.502 9.267 19.651 50.880 14.322 30.370 78.632
38K 1
9 11 6 10.07 38l 1 2.965 6.288 16.280 8.154 17.291 44.769 12.602 26.722 69.188
12 14 1 28.05 38N 1 8.256 17.507 45.329 22.704 48.145 124.655 35.088 74.406 192.648
380 4
Basin 39 FID Sub Basin Id gridcode Volume
0 1 48 6.85 39C 4 2.017 4.278 11075 5.547 11.763 30.457 8.573 18.180 47.070
1 2 49 15.25 39A 2 4.489 9.519 24.645 12.344 26.176 67.775 19.077 40.454 104.743
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