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EXECUTIVE SUMMARY

During the past few years, cities, town, and open spaces in Israel have been suffering frequently
from increasing damages caused by floods. Regional drainage limitations combine to form
significant hurdles in development of high-demand areas, as well as urban renewal areas.

Previously, adjusted infrastructure conduits were essentially the drainage sole solution for
management; however, they can no longer provide this solution on their own. The limited
attention to soil's natural function of percolation and drainage, during the planning phases, in
addition to the ever-growing density, construction and the reduction in open spaces in cities,
has taken a significant toll. These circumstances result in a deterioration of the urban
landscape, which gets flooded often, along with a limited quality of open areas. In addition,
the aquifers are being hurt?, seawater and rivers are being polluted, and overflow and sediment
damages are taking place in the law areas.

Climate Changes in Israel, manifested in changes of rainfall patterns among other things,
point to a move towards short and intensive rain events®. In combination with the population
growth and urbanization, which means more impervious areas and less percolation due to
construction, the amount of runoff is set to grow in the future. The anticipated effects are
estimated to include rising frequency and intensity of flooding events, following the damages
mentioned above. Furthermore, the potential use of runoff water, for decent planned
landscape, urban naturalization, irrigation, and ground water enriching, will be lost.

Due to these reasons, the Planning Administration has led a wide reform regarding runoff
management within planning procedures. In conjunction with this document, Amendment
number 8 of the Water section in the National Outline Plan 1 (TAMA 1) and Runoff
Management Appendix (B-4)® are moving forward in which the main objectives are: requiring
a runoff management document and to make any plan responsible for the additional runoff it
generates.

This document was created in order to provide a wide, professional framework for the
implementation of the reform among the workflow of professionals involved in the planning
process, included planners, architects and landscape architects, hydrologists, drainage
engineers, ecologists and more. The policy provided in this document calls for the
implementation of runoff management aspects in the initial phases of the planning process.
This will be accomplished by providing and involving local hydro-geological information, thus
allowing smart implementation of a range of natural and technical runoff management
solutions. This policy document is meant to provide a general overview about the water
management status in Israel, and proposed policy, including implementation instructions for
professionals during the entire planning phase.

4 Reduction of natural percolation and infiltration runoff to ground water, leads to decrease of ground
water level, which means reduction of the storage accumulation and quality of aquifer water, that might
cause severe damage of the aquifer, that his rehabilitation can take many years.

5 'Climate Changes in Israel, past and predicted trends in Temperature and Precipitation rules', Israel
Meteorological Service, November 19. This forecast has no statistical signification, in light of strong
fluctuations from year to year, the rate/intensity of change and the length of the series.

® The Amendment being discussed in the National planning Committee on the April 6th 2021, and was

decided to pass it to the district committees notes.
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The document begins with two introductory chapters, followed by chapter three which
includes an overview of the status of water managementin Israel, regarding drainage and
runoff management and an introduction to the key players in regulation and national and
regional planning. The overview describes the overlap and gaps in the field. For example, the
region-based separation of responsibility for flood management, which places responsibility
on local authorities for regions beyond their defined area. In addition, the overview shows a
separation of responsibilities of different aspects regarding drainage and runoff management.
For example, while the drainage authorities are responsible for drainage outside urban areas,
The Ministry of Environmental Protection is in charge of the environmental aspects of rivers
and water quality, in which they share the latter responsibility with The Ministry of Health and
the Water Authority. This review shows the need of creating an overall, up-to-date policy
regarding drainage management and runoff management.

In chapter four the comprehensive policy is presented, including its implications in different
plans and in specific plans for drainage and runoff management (basin and local Master plans),
and tools for implementing the new policy are being suggested. The chapter introduces the
various plans for runoff management, their purpose, content, and their interconnectedness as
one coherent complex from the basin level, through localities, all the way to the neighborhood
or even the single lot.

In addition, the fourth chapter discusses policy implementation in comprehensive and master
plans, and emphasizes the importance of integrating runoff aspects from the very beginning
of the planning process, in order to provide an appropriate infrastructure of water runoff
management. There is also a suggested list of optional instructions for Plan Regulations, and
expanding on the statutory changes, including suggestions to the method of policy
implementation in the planning process and the plan documents. To further assist planning
teams and institutions, there is also a suggestion with regards to the decision-making method
for choosing runoff management components for the plan.

Chapter five analyzes the economicimpact of the new policy, using Preferred Housing Areas
Plan 1001 (TAMAL1001): Tel Hashomer Center, as a test case. As part of the economic overview,
the plan examined four different alternatives for drainage systems: a default alternative which
includes a conduit system alone, and three runoff management alternatives (a combination of
a smaller conduit system with various runoff management solutions) that meet the runoff
management calculated target for the plan. The four alternatives were built in two
geographically different areas - coastline and mountain. Altogether, eight different alternatives
were examined. The differences between the alternatives were the variety of runoff
management solutions fitted to each geographic area, as well as the distribution of said
solutions between developed and open lots and private and public areas. The review
concluded that the relative additional investment to a housing unit among the different
runoff management alternatives was less than 1% of the building cost.

The results also found that the various runoff management mix solutions suggested for the
developed lots (residential, commerce, public buildings) were more expensive than the ones
suggested for large scale open public spaces. This means that there are financial advantages
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to the implementation of runoff management solutions in large scale open public areas. The
advantages are derived from Economies of scale as well as from the wide variety of nature-
based solutions (not artificial / technological). That is in addition to other benefits, such as
improving the quality of the planned areas and utilizing the runoff water. The annual costs
(capital recovery and maintenance) of runoff management tools in public spaces are less
expensive for the local authorities in comparison to the default alternative, yet they are more
expensive for private properties, compared to the current situation. The main reason is that
these tools require refurbishment more often than traditional drainage systems. That being
said, with adequate annual maintenance the costs may go down significantly.

TAMAL 1001 is a plan designed with runoff management in mind. Open areas in the plan were
located where runoff management potential was high, giving it an advantage in implementing
efficient and cost-effective runoff management components. A sensitivity test was conducted,
measuring the cost of runoff management systems considering fewer implementation in
Public open spaces, and more tools in the development lots. The sensitivity test found that
even managing only 40% of the runoff around public open spaces and the rest is in the
developed lots, the relative cost per housing unit was approximately 1% of building costs. This
test is also an indicator for new urban renewal plans, which usually have less open public
spaces possibilities.

The various economic benefits of runoff management solutions were reviewed, from both the
local and national points of view. Based on a literature review it was estimated that these
benefits can reach hundreds of millions of ILS annually, depending on the local authority
characteristics.

Chapter six reviews hydrological tools and databases for planning, which were used by the
planning teams in the preparation of the runoff management document. This chapter aims to
assist professionals in optimizing compliance with the Appendix instructions and the new
policy, as well as creating a new professional, high standard in using calculation modules in
their workflow. The chapter includes explanations and references to relevant methods of
calculating like Time of Concentration, Peak Discharge Runoff, Runoff volumes, Floodplain,
etc. Furthermore, the chapter introduces new databases created during the working process,
their methodology and the way they were created, pointing to additional sources and
databases where relevant.

Chapter seven introduces various tools for runoff management, presented in a broad
datasheet of available tools for use in different scales - starting from the single lot, through the
block and the neighborhood, and ending with urban open spaces.

The chapter starts with concept and principals for runoff management applicable in the
beginning of the planning process, in order to promote plans that utilize the potential for
runoff management in the plans’ scope, allowing an efficient implementation of runoff
management tools. The chapter offers a wide variety of runoff management tools divided into
the different operation type of each method: Flow Control, Detention and Retention,
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Percolation and Penetration to the saturated and unsaturated medium, betterment the water
quality. For each method, information is provided about its implementation in plans, its
advantages and disadvantages, examples, typical details and demonstrations. The purpose of
this chapteris to introduce the variety of accessible possibilities at hand, and to encourage the
exploration of new tools. It is also intended to help professionals in translation of policy and
concepts into practice, and serve as an index for planning teams and institutions, in both
planning and statutory phases.

Chapter eight offers a set of complementary tools for efficient implementation of the
regulatory changes and new policy. Among others, this chapter offers steps for completing the
phase of basin and localities planning for drainage and runoff management, and for their
adoption in the planning institutions; promote the supplemental National outline Plan for
flood risk management in open areas; and promote updating current regulations in relevant
subjects.

The policy implementation is dependent on the commitment of all actors taking part in
the planning and construction fields. Especially notable is the commitment required from
the local authorities, which are in charge of the urban landscape, after the approval and
implementation of the plan, since constant maintenance is critical to the function of the
runoff management tools.

Currently, the responsibility for regional drainage infrastructure lies within the local authorities
and is executed mainly through the construction of drainage conduits or other public drainage
infrastructure. The eighth amendment of TAMA 1 requires every plan to achieve quantitative
runoff destinations. This can be practically done using a combination of drainage and runoff
management solutions. Which means that for the first time, private properties will also be held
accountable for their region's drainage.

This policy document is part of a comprehensive planning document. Its wide scope
determines goals for the improvement of the planning quality of urban areas and preparations
towards climate change, and it is part of a breakthrough reform in the field of runoff
management in planning processes. We hope that we were successful in meeting our goals in
this document, and that it will indeed support implementing the changes required to TAMA 1
water section, as well as to the overall policy, and will be in frequent use by the planning
institutions and teams in their daily workflow.
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nNMITN NN Ny |2 TXI NI NN 2112 Niinan 72 NN NDOD 7IvNnY PNt 0NN 0MpPP2
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.(CFRC, 2006) *®
. (Szyk, 2021) 120

.(CFRC, 2006) 12*
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22Nppinp 7702 [7107X10 X'Wil j7'0D1 WOX DY D'IIX7 TUXDIIT [11 WX

MO DT .6.3.6

JAND XXIDQ X'WN NFI9D NNXINTZ TV DRIN VNN 120D 12IVY |RTR WD NN (Lag time) 1100 |01
0N DT AVIN' NN DNPNA.D7P2 0 |NT DRITY (707 6.4.3 QWD NN1) SCS UH 120,007 Tin Daw?
.6 NNIIYD NIVXDNI

B399 |01 2000 6 XD
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NWND
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.(Quweensland Goveronment, 2013) 1?2
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O'7VIND DMIIN'Y 012N TIDM DT AIWNT7 NIX7DID X7 bW .6.3.7
7¢ 72210 19DD 0D 7Y TIDN DT 2UYINT7 NIONDN NIL'Y 19DN INNID 20-N NN 7Y NAIWNIN NIXNNA
N72 NIYONI 17N NILW DI . ANTA NITRMN Y 1D NN 720,02V NI72N 17X NIV NIMOXN
NNDND N'X71701 NN DNDNA NIVIDIN X7 120 NIMIONN NIV |27 24 MyIXINN NINODA NIPNTN
.21-n

1717V 1940-2 DO 'O N 717 Ndnn(Kirpich) 7'9p ND'W XML,NIW NDWT7 ND7I2 NNAT
1IN NYAWD NITTN D'DA 7V ,(0Mwin N2 NRCS-7 19nw) ,2"NIN 7w Soil Conservation Survey -n
NLW YNIN ;0172 125.3-8% ' 0'van 0OWI9'W DY ,DA1T 5-450 7¥ O'MNDY 9j7'N2,'DIDA OMN7{N NN
N ,O0MIY DNANT ANNXANN TPEN DIDN INNID DIYN OY .0MINY 01N WIDWT7 QTN X7 7'91)
NN NIMMMNN NN 7IV'N2Y 702 NAYNND NN [AND 722 NTINX ANNIT DINMn antian nb'win
NIN 7IVINN 2270 DNAY ,0MIN 0MINY 01X ) N12IVN7 NI DLW |27 .NDWN 19 7V TIWND
NLWYWIAYNNYNT N2 2.01WNKI7 nNIX OD1OYW NRCS-n "V I7'0X DI'D NXT7NDIN NN IT NDW . NIVDWN
NV AND NTNDYDN NRIMIT 21070 2IWINY7 IX O'NIND OMNDLYA TIDN 0T AIWN7 I '
.DI7VIN0D DMWY DRAND NNX AYPD 7XD [AN7 NIDNTANN NRYNIMODN NIL'WA UNNYNT7 X7V Y70IN

7110 7V N'wia NProp 11IY'N.6.4

7V N7220 N2'XN 17202 NWWXHDNXN NTINYN .17 17202 NIDAI9HDA NIL'WNND NNND AWINN XY Nj7'OD
NDINNN AIY'NN ND'W DN DNPRN DX N717'D D01DND NY7N0WN NTINYN TIV1A JITIN [AND NbY 771
1N 1DX7

721 21Y'N7 NI721PD NIL'Y :17 N71D

oD NI72a0 /nnyvn DAITA AN NLY now
nb'va wnnwn7 | ,0pn 2Xnn 11png 0-200 NI7NANXON NN
1"DP 5 TY NI D71TA 0MNLYA D) NY7NA0XA0N NDTIVHN

21 710 0PN AXNA XY TA721

TV UIDN MDD D'XND ,VXINDN 2AXN1 21RN7
TYIDN WWXDN NN XTIV 72 ;21NN 10N
12 NNy

p' ;121 710 WWXDN 12002 DA7IVD TWND N7230 X77 NN NTN
TNN,'WXDN 727112V N T'NTONINTIN AW N7
7210 71NN 21w 0Y NN IYIEVUXDNND 1197
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NIYYI7 NIDMX L NMIY AN NMONY INTIA
NINN DLW N7120NINN 7TIN2

.(Grimaldi, Petroselli, Tauro, & Porfiri, 2012) 12*

.(Mays, 1988 & ,Chow, Maidment) 1#°

.(NRCS, 2010) 126

77V MY DNY 72721 DN WRNPNYT N1 ,DNNN DPINDD D'7TIN DY 01N XInY ,EPA SWMM NIn D71¥2 Y1920 7TInn 27

. EPA SWMM-7
928



NN NIL'WN 17 DN | 707

nRTVA 7NN NV'YR .6.4.1
ninNo N1 L,(Modified rational method) MODRAT N'721X1 NadNN ,22N10TIVDN N17NAXN Nbwn
LZONIIYNI NAVINDN N7 ND'wn 7Y

JUZXINX T DWW XW SFOD KN T INIYD

CXI[%] XA[ka]

Qm_e’]:T

S

WND
1"DPAPNNNDY NINA o
VYT D"NATIDN DT 07 DWANNNXY NIN | e
MNDTIONINC o

NDTIVODN NY7XANXN NP 10N DTPD 2IWN SNNIIWND NIVXNDNA AVIND 1IN DTN
C = (0.9 *x IMP) + (1 — IMP) * Cu

.(LA County, 2006, pp. 59-62) 128
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WNO

MNDTPNNINC o

DIDNN NDYNTINN NIN IMP @

[N ,'D2DITN XIN DIDND NDYA 21910 DN DM DIND) NNSN NDYAMINDTIN NN Cu @
NI ININD VAN 11010 130 7R2AIN [DINAY IN,ANNIT INNIN DX NINON NDYN 2110 NN DD
(12N0N NYT 7177 10211270 .6.3.5 QYDA 12NN NIX1) DIDXN NDWN 7W 0T IWND

nownl ("T21 NN L,0'wd ,N) DIDXD NN :0MY7 §701 ]AN2 1220 01N DY IT nb'wa ,Ini7d
nown 7¥ 110 07PN .0.9 TN NIN DIDXN NN 7Y 120 0TPn .("T21 122 ,NNI9N X7 NLY) NINoN
.18 N'72021 LBV ,NANT7IN OYAN NNXIVAT VPPN NN 7N 1q (Cu) NiNon

1219 71220 "1V NI7ND 7KW NIYVPIPT7 121 'DTPD 18 n'71D

or'7 N1 owanw 'v7 0TPn

772NN | '77021D
>100 | 90-100 | 80-90 | 70-80 | 60-70 | 50-60 | 40-50 | 30-40 | 20-30 | 0-20
0.4 0.35 0.3 0.25 0.2 0.15 0.1 0.05 0.04 0.01 DN NL | A
0.35 0.30 0.25 0.20 0.17 0.12 0.10 0.05 0.04 0.01 M1 | B
0.26 | 0.23 0.19 0.15 0.13 0.09 0.08 0.04 0.03 0.01 nnn | E
0.48 |0.43 0.38 0.33 0.30 0.23 0.15 0.13 0.09 0.06 710m0M | H
0.18 0.15 0.13 0.10 0.09 0.06 0.05 0.03 0.02 0.01 7in |V
0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 - - B0p7 | (-)
0.35 | 0.30 0.25 0.20 0.17 0.12 0.10 0.05 0.04 0.01 BIRnnnnTN

TNN VPP 2D |'NI T LN 'DDITA YgIPn DA UDNWRY7 [N, TN Y 2ID0 01 Wi nTind
Cu-n DTPN NN DNND TNN 727 2UN71 DIV Y710 'AID 9"V NDYN NN 7707 U111 ,7N2I0A '10IT
NN AN N'DINDITN YPIPNINTNA NIVPIPN 7W DN INDY 197 17700 Cu-n DTPN NN AYN7 TNIHT7Y
LDTENNNF72 100D PN |IX 1N DNNNNIPN DN TPN UNNY! |2N00DN ,18 N7101 NY'oIN

D79DN IN QX NI DIDNN NV DX MWD N7 ,a0172 .0'DON 7N 1PN IT ND'WA 10 DTPny 17 w7 v
NI DY NINYY 7V NITRNOIPN 17V DN WININAY X' NADN X7 INNNNXA NDIDN NINON NDWN DNI
NIWN NPIOD 7V NYIOWND NIINE NI NIDINNY NN NTIAVA NN

200 TV 7V 77127 72210 DNV DN DA WIDIWN N ,NNIDYOL NN N7XIAXN DLW 7Y 7ITan Innm
[AND N1I2271P2 170 23,0217 800 TY D7 TY DN ND'WA WNDNWAT |N1,0MINY DINY DNITNL B2.0017
.D'7ITA DN VIN'Y N2 NWY] 12 NP0 ND'WA NIDPN NN 11ADN7I NVn7 |2N00DN 791

N1 ,(4'2) 1 X"DN2 1N 7101 NODIA 2.3.4 9yDa WATIY 192 ,0MFN 2XNIA 1IN NF'OD NIXN 1Y
ND'WN 122NN 7V NYOWN 22 'XY INND B341"D7 5 TV D7TRY DIN D3 N7KINXIN ND'WA WDNwnY

“127V0N TI7' 2N DINNA 1A 2IWNT 7TIN7 D'DA 7V ,0'N NIYA 0Y 110NN NIX 7Y NONIYN NTIAVA 1211 17 N'7101 01NN 120
. NDYN 7y O'DDIANN , D70 NNDTNL AN 'NTPNT7 IO ,0MN NIYIA waY

JI21YD NP D TIviMLS R N NI1Y7,0001'D 19DN1 NIY!SIN D7 NIy 10

NINN NI9FN NINLI9IT7 NP0 722,0127 W' ,"NITTI' Y 197 NN NI NANTNT DTpnn 13

.(NRCS, 1988, p. 15) 132

.(Thompson, 2006) 133

.(2018,j7719 & , 11202 ,17'T2-7D) 134
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aTN' INTN .6.4.2
I NIPM N 727 DIIX,1932 NIwa Sherman 1T 7Y NMIWNA7 YXINY 'DTINM 0NTN' 7w awinn
T DWANY NN ,120-0W3 DN AYNT [N NINNTLIND NRIDN NX N777900 N1MOIN DN N1XPaID
JANN 727V T'NN [9IN2

JAN 7V DIWO MINIY7 7TID NIVXDND LJAND XXIDD Q0NTN7 B¥0ppoN oWl iy 1on aTne QanTi
7221 'N9IDN 121N 1700 72 NN NN DTN QUNTAY NN QZXAXAN ADW7 ANIYNA NN TN
L2 10D .7272 N'w Np'oD NINRY NI7XAXIN ND'WN NNIVYZ ;121 NPAENT7 IN 7 (1200 1IWOND NI
nL'Y7 DN NP 027D DIY'N 2NN ATN' QUNTIN LANT OV 7713 1720 X NTN QunTng

JU7NXON

AWNI |NDINT7 1907 717V AT |INN1.NAXAT7 N1 DIYO XINY NXIN21-0W2 7TI0 710 TN RNTN 7w N
IXDNN 197 TAN,NTNNOINTIN Y NI1A7 U1 101 7100 WWXDN 73112V .21 71017 'WXDN 110021110
N2IYNN 121 7107 QUXHNN 190D D71W0 [AN TWND 1210 710N NIAYNNN OV 'WXNND N7 winl
L1200 7100 'XDK 2 Y7013 'DNY7 NIDNPAN WINT ATNF QIANT NLWA 1200 26 N7 X77 N9
DIYO NI AW N1INYT 112D 1’7 D12 .0TNN NIDIPZNTIIIDNN 'WININT7 DNNNA NINYNT7 01717V

01-0W 7TID 21X

720 .N'7D TR AIAD 1N INGNTRY ANT 7Y NINOWN Y7 D'WAT 19DNI XIAD 79DD AT 719
UDNA VX NWIXPN NINODY7 NIMON XY NWIXTN NNOD 7V IDADNT7 W' 17X NID'WIA WIN'W NWYIY

XY DRI F700 0172 TN 7INZN 7Y | TAIN 1212 OWAN 72 10 NN '2'Dj7ON Ow) 139

.00 DIDDI NMTANT N1 N7W NDwn 1%
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NMI9NN NL'YA VLD NT'N' 1 ANT'A .6.4.3
|'N DMPNN 7Y D7NINN 202 D7IN,NDYI 121 0WA 7Y DITITN N0 QTN Q1aNTN NN9Y7 NN NIDITVN
NNINN 7V NIDNDI NIL'WA 1DDID DTN QTN AIYINT NIL'W 19DD INNID 271 N7XD NIT'TN NXN12
NIX7 NLYO7 |N1I DRIN 121Y7 N7NAXAIDIND XN OWA NTINY TI7N N 7Y NI7nTnn n2Dnny
SCS NLWA LD ATN PNTN XN |707 12N .DNILNIO 7Y NIDN! LVIN 19DN NI N, Y 7IVD
0N NTIN 78 Y71W0DN NIIX NYIF7 DNLPNION NIXIDIN NILWR NNN NNY ,UH

[AND NXIDQ N'WN NFIOD |27 DWAN TN "2 12IVY DTN WD - (T, IN Lag time) 1on |nT - @

QUNTNN DDA WN - (Tp) D'DANNT @

(gp) N'ON NJ'OD e
LIMNNNILPNI97.06.3 Q'YDI ININND AWNT7 NN ININ,TIDNN [NT 7W N'X7219 DN DRIYNXIN DNIDNION Y
6.5 Q'VD1 ININD 121N NOI 2PN 1210 NI W7IWNDN NIIX 7Y NIXPA1ID NP ,NNDI NI ,N'Win N'oD
JV7NINXON DDA 7120 2IWN 710 X'WN NPIOD NN PITAT7 Y7010 707

NOAA, ) -2 XIXD7 |01 'xnn 1abn .(A16 'y ,NRCS, 2007) -2 XXD1 SCS UH nb'w 7y X7 12DN
. (NRCS, 2019)-2 nT71n7 |01 ,AI'ZNMON!N NITINI,7DPX [1awnn (2005

|D‘ SCS Dimensionless UHG & Triangular Representation
12 = Excess
hn Precipitation
T
M1 —
1 I
- /w—”—_"—h
/ i
—a— Flow ratios
—— Cum. Mass
= = Triangular
-]
205
=] -
=1 lPﬂmn:_nf Tp = 0.6%T.
nflection
. To =2.67*Tp
© - *
o } T, =1.67*T, |
A=
1]
0.2 \ T!’ * Tf —_
i h\-*‘**-r—-
0o Tp 1.0 20 30 40 50
—p To
+ p T/Tpeak

(NOAA, 2005) SCS UH 11Dp AT/ QLT [12 WX
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-DW2 NITTN 0D 7Y ¥71U0N 7W NIXAIDINON NN NNITID [AY DIPD ,NMN19NNK NXIPI NILWN NXIAP
SCS 7270 NI9DI NIL'W |IW! .20-N NN 7V [IWNIN XN 2"NIND (712D |210,0'20 DN 1IYXIAY )
.D'MNDD 0'IMOND '7V2 01N 197 NNNID NL'W 721 (Gamma-1 IN Taylor & Schwarz ,Synder 7vn7)
DNNNA L[ITIN ANT NOIXNND DLW D NTIT7 YN ,N1M9DA 0DIN PN0 NINNN NIL'WIA WNNWRT7 [N

.N"ITANNT TYN7 12117 707 DW7 21N DWIY7 WININ NDNNN DTN 1 0NY7 AN NIRIDNYT

AUN7 ,OW VNINT DINADD QNTNN AN INIWXDN 207 W1 ITI0 AN7 DTN Q0T 1222w TNNY
,7'W7 NDTINY NNANA DTV 2 OW7.|NT N7 NINWD XINENTRX NDXIY 7V2 13X 7190 DRINY NNT
11'DON OWA "D 1-7 20 TI7'IN AN ON ,IP17D .0WAN 1A1V7 NP7XXAI9110 NI N7 0N nannny
[N1,0w2 7W NIDITIUN NND 7V VITNA 07190 NN DPONX OWA NN 2-7 N21NNY 0 ,NNIDN N1IXa
LJIDITIIND 72 7W DI9NTNN 72 DIDD NN 720 QNTNN 1D 7V ,XITIDN0IDN |NjP'Va Wpnwny

.(Raghunath, 2006) -2 5.5 7197 N1197 |N" 21I¥'NN NIIX 1127 12NN DY7 .13 11'N2 AXIND

M +— P due fo 3-storms

intensity i (cm/hr)

Rainfal

Observed hydrograph

Gy =xuy
Qy=xu,+yu,
Q =xuz+yu,+zu, etc

Successively solve
for uy, ug, Uy, stc.
which give t, — hr UGO

Discharge Q (cumec) —»

Time t (hrj——»
(5.5719 132 'pY ,Raghunath, 2006) oI 7¥ DI TUX 19D 7 A2UD AT QLUTTA [13 WX
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Clarkno'wa nTn' NANTN  .6.4.3.1
LW LPNY ,(IUH) Instantaneous Unit Hydrograph Xapan nT'n' T *Clark nno 1945-1
N 197 NWYN NPI7NN .(NIWN IX DY 7272007 |'N) NN NITX 19DN7 [ANN NN D'P7NN N2 ,NNNX
JIND NXINT YVINT7 217 NPI7R INTN U0 197 IN172 ,0WaN VININT T WD M7V (NIINDITIN) NIXDI70N
N'WN NIFOD 1971X! NN NXINAIADPIONN DWAND NIXIN NP'ODN AWINA ITN 701 DA NDITIIN 707
(14 71N) DMUTXN 7W NINDNI7'07 O'XNDN |INTNA

NOPN N'NIANN 119 7V T'NN OWA 7V NNINA X 'NY XIN NIMODND NID'WR Nniv7 IUH no'wa jnnm
NIND72 X WL AIVDYD NN QINTINT7Y T2 ,NNT DY AIMODN NITTNA NI7N NX77 AX 7w 21D 727
NPT 157w 112 |NT 7V2 X PITI NPT 5 NN DWAN AOXIZITIY NNINA . (DMITN AwI7e) NIRINDITIN 'Y

IUH nb'wa Dy N'w Nan 7y NINon ‘737

Hyaregrapn
iFent) Penod

Ducharge O

b Base Fibw

3T & ¥ & % W 80 N 3 6 §

Time 1 hOTE e

Clark nowa JUH AT Q177 [14 WX

JUHND'WI AT ANT'A NMA7ATIAYN 7Y .6.4.3.2
.6.29'VD NN - DY VIT'N N
LJIIND NNIYNA NNT NIPY7 [N .0N2 NNMITA W0 2IWNIEAND DMFVN AT XY DIDIY
6.3.39'WD X1
(7xawn Dwan WK NNXI7ITY7 ONNNA) NPT 5 XE71T12 NIRNDITX DIDIY
YNNYN7 |N1) DN7Y 210 DTPNIDNITRD 7T 2WINENNDNDITIND 197 MwD NITX7 PN NpI7n T
.(6.4.19'yD1 N 'MTPNI
DT TYX 7221 TN 722 NNXIN 2N 7@ X'Wn NIZIODIMDPONN DLAN YN .0
NXID2 TNN QUINTNT7 NPobn 772 Qi

.(Clark, 1945) ¥
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1NIXNN 12PN (17 719,393 "Ny ,Raghunath, 2006) -2 NIXD'7 |01 21NN NIIXIEADIWA 7V N7D DINO
. (Ponce & Nuccitelli, 2013)-2 NIXD7 |1

X1 M-oea 771D .6.4.4
NIDIVYD 11217 071V Y1910 7TIDN . IXIN 1IN AN AWNDI OYA VITIX D772 720 AWNIND 121-0W1 7TID
Storm Water) SWMM X1721 (US EPA) 2"nIN 7 NtN2rabn NIoIon My NAIo NNy 1 7inn
(VNN 77TID2IN) 12 WNNAYNT7 NAINE,TIFZ [AN 72112V AT 7TIN2 wnnwn'7 |Nn .(Management Model
138 01 N7 INY7oNY 1IN NI77100 NIMDNA N ,D1T 200 7V n71V D7 T2 01X

NOIYD NN 21,NIWN MINT INPITN NN 77100 NTIAVN TN 79 10 7710 21XA7 w1 ,7TID2 wID'W IX7
:DININ D27WA NTIAVN TN AN MONT W NXIN'T TY 220 NN NDY7IDN TN

;MWD N7 NTIAVN AT NPI7TN X
MWDN N NRDANON A
NP TIZIN NDIVD NAXA )
OVA7Y pNvNIN A LT
JTmn'7m

SWMM 1TID NM11  .6.4.4.1
NN ,07TIA1 DRIND NPIZN AWND NN IXT7 NTIAYN TN NPIZN NN 7712 7TIDN D127 nTIavn '70n
:NINPY19DD NNNLJNNDN 78 1719'w'7

727w 72,(71V' N NDVD IN NWWAD)  NRYPNND7INN NDIVN 7INT NIWYINT7 NDNX DMINT NpI7nn e
AN INXID LTAN V0 N1 OY AN N7 712! X7 .027100 N2 78 TN NXID N N0 AN
.N271NN N2V TIP' NINIYIL DYDY 0N NWDN

1127 DMINN 0M2TH 3P'YA 00NN DTN DMIN 1720 D NIWYIT7 12X Api7nne e
ANNING|INNT 9INY 717N VI9W ,7U07) T'NN1IINY IN 72N01 DTN .N'DONI VPP AID VIO
DTN MWD 'INI7APNY D 17X07 w1 (TN VP AIDD

MYNN NAN NNDAN JI'ON  .6.4.4.2
NIMPn NRIDN7 NIMNIN 707 .0MIND 78 0NN NN [PONT U NIWN 1INT 771N NTIAVN AITXY INNYT
I"ONT7 W NIN

NDLYN 119 VIO |1 '7'TANT 21N .TI{7'IN [ANQ NDWN 119 7¥ YXINDN VI9WQ - (Slope) Viow e
N2IYN2 DUDPIVIX 07D DAY .TIPIN 17210 VIO 7W 11V DON7 |'N1,ND7INN NDIYD VIoW7T
.(Digital Terrain Model) DTM qInn vio'wn 21w'n7 GIS-

("DINMN LD N 7V191 DINIDND D'NDYN NN DIDD7 V! - (Imperv %) DIDKN NDYATINN - ©
TIVI DM7NN D TPN NN DIDXN NDYN NN JIVNT7 2101 NN 12V 000N AN DLW 7071
2"NN1 Image classification 72 NIVXDNA DIDXN NDYN NN AWN7 QITV DI D7IN,YP1P0

9"y, 1 TNN NLYNI DILDNN NDYN 11I2Y 71912 11VN7 ¥ 0NN DTPN NN - A1IND DN DTN e
NINNNDN N720D DTPHPN NN DNPI7Y 27 0'W7 U1.NN9DA NI721PN0 NINTADT7 DNNNALNDIONN
JIX INN7YNT NTYIMDNN7200 N71NDWN 19 7V nT

N21N21 ATINT7 1IN NN 7TIinn 138
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NN |2 71N27 WOND 7TINN .DIDXN NLYNN D7YNNDI VTN NDYT 71'DAN717IN7NN - 71NN e
DNNP7 W YIIPN 21D 197 0111 01DYN .Green & Ampt Nb'wa 1IN27 w1'7IN7N7 NI
707w 18 710N
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BAp7mon [NTNNDNLNIVPIP AIND 1191710 e

|71 11D 9"y Y17 D nminm NP | N7INATI NIDY7IN N'72IN2 Y7 21D
Porosity (n"n) (Nyw7 n"n) N'IN2
DITTI NI7IN 44% 49.02 120.34 Sand
nnn 44% 60.96 29.97 Loamy Sand
171N "D 45% 109.98 | 10.92 Sandy Loam
NALAIMINNTTIN 46% 88.9 33 Loam
NI'D7 NN NININNIVPII 50% 169.93 | 6.6 Silt Loam
nDINNL 40% 219.96 | 1.52 Sandy Clay Loam
NIYPIP ,NMIDM 0 NININ NIYpp 46% 210.06 | 1.02 Clay Loam
WV NPT AT NN
D"D7 D'NITIN'DI O'IN D'71DINY 47% 270 1.02 Silty Clay Loam
NIND NININ NIYPIP 43% 240.03 | 0.51 Sandy Clay
ninIN- NIYpIPl omine 0'7I0inyY 48% 290.07 | 0.51 Silty Clay
D" DIMI'D LN NI
D"7IDINIAIDIND ,0171DIN 47.5% 320.04 | 0.25 Clay
NN NN NPl ,0rn7ia
nIo7i
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NDUPN TIPN NDWD NIXD  .6.4.4.3

DINNXN 1,721 IDN7 DWWXDNI D'PIY ,DNDX ;001D NWIZY0 DIDINTX NIYXDNA NIKIND TN N2IWD
NIYNN NRIDNN Y AN P2 (NINXDI D) 77102 NN2ANDY T NN 2107 DN NN 121Nl
N NINwA Nm

JINIYA Y 0172100 VIO NN YAIPN NINL,NNIPD NN DN - DN @
VPPN D7 DN 2 FNIDN -0 e

MIX2 NDIYNDN NN 7TIN2 2'XN7 WNNIX 77w DNIAD 07210 I NINKNS NI7VN N7 01712 0YpIvn
;[N D'V INI NP NIRIYNN NRIDNN NYIIN .NIDNI NINXDN NN XY

GISINCAD-A TITR7 NI -TIND o

ONNNA ,NNINO N7YN INIAD 72107 NINODA NNINAN N710DN NNP7 27 07 W -ID'NNDTPIN e
6.4.4.5 Q'VD NN1) 7127 NPy 1DNIO 2N7 NNND 12'NN DTPN 0'PFN AXPA 7Y 77102 .vpnT
072102 .0"PN 2XNN 71D 25%-21 12'NN DTPR AN NI7YNYT W1 21IN00 2X0DN 78 7TIn1 (707
[IL2 NNIX7 721700 12'NN DTPN DN, 7V07) N'7202 V'OINY [I'7VN NIILN NN NNP7 & DwTn
(12N X7 n=0.015 0TPN NNP7 W TN ,0.011-0.015 NXIN

JI7VNI0'7210 79 DI D2IDT7 NI AT NMNWON 7TIDA W -2NN NN e

N7 ,0172) DANND 7VYD NINIYT DN2IND T17'20 17210 DN DNP0 DY - ANIXTIN DD DD e
7V DYIOWD DN DY, 7TIN] NIDNI DAXM71NDIVNI N7XD DNP0 NIDNT 2wn .(NNivin Nthnna
.DPIVN 7W NN WIOY
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Duration  Intensity Cumulative Incremental

(min) (in/hr) Depth (in) Depth (in)
10 4.158 0.693 0.693
20 3.002 1.001 0.308
30 2.357 1.179 0.178
40 1.943 1.295 0.117
50 1.655 1.379 0.084
60 1.443 1.443 0.064
70 1.279 1.492 0.049
80 1.149 1.532 0.040
90 1.044 1.566 0.034

100 0.956 1.593 0.027
110 0.883 1.619 0.026
120 0.82 1.640 0.021
Precip.
No.  Time (min)  (in) No.
1 0-10 0.024 11
2 10-20 0.033 9
3 20-30 0.050 7
4 30-40 0.084 5
5 40-50 0.178 3
6 50-60 0.693 1
7 60-70 0.308 2
8 70-80 0.117 4
9 80-90 0.063 6
19 90-100 0.040 8
11 100-110 0.028 10
12 110-120 0.021 12
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