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Aree a pericolosita idraulica media P2 (D.Lgs. 49/2010)

- Are Aree a pericolosita -

. idraulica media P2
Regione Regione 11 o 49/2010)
fm’ ke’ %

Piemonte 25.387 19833 71.8%
Valle D' Aosta 3.261 2317 1.1%
Lombardia 23 863 20215 8.5%
Trentino-Alto Adige 13.603 80.8 0.6%
Bolzano 7.398 33.6 0.5%

Trento 6207 471 0.8%

Veneto 18.407 1.758.3 9.6%
Frinli Venezia Giulia 7.862 590.6 1.5%
Liguria 5416 143.7 T
Emilia-Romagna 22 452 10.251.2 43, 7%
Toscana 22987 2.550,.2 11.1%
Umbria §.464 3378 4.0%
Marche 9401 2082 2.2%
Lazio 17232 5224 3.0%
Abruzzo 10.832 156.6 1.4%
Molize 4 461 1382 3.1%
Campania 13.671 6938 5.1%
Puglia 19541 8193 4.2%
Basilicata 10.073 261.3 2.6%
Calabria 15222 576.3 3.8%
Sicilia 25832 385.6 1.5%
Snrdegnn 24100 696.8 29%
Totale Italia 302.070 24.411 5.1%
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Aree a pericolosita idraulica media P2
tempo di ritorno fra 100 e 200 anni
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Aree a pericolosita da frana (PAl) e idraulica (D.Lgs. 49/2010)

Q - Numero di comuni con aree a pericolosita dafrana P3 e P4 (PAl) e -

3 idraulica P2 (D.Lgs. 49/2010)

R ISPRA d
et 7.145 comuni (88,3%)
Altrl cormund M. oOiviisni COf aree &
947 [11,7%) -,\ pericolosita frane P3-
Fd
/1640 (203%)
e
M. comuni con aree M. comuni con aree a
a pericolosith frane pericolosits idraulica
P3-P4 + idraulica P2 P2
3808 (48,2%) 1.607 [19,9%)

Superficie delle aree a pericolosita da frana P3 e P4 (PAI)
e idraulica P2 (D.Lgs. 43/2010)
15,8% del territorio nazionale

Superficie delle aree
a pericolosith frame
P3-P4

JII 7.9%

/s

Superficia delle ares
a pericolosith
idraulica P2
B1%

Pericolosita da frana (PAI)

- Molto elevata P4 -

B covate P3 {

D Meda P2
Moderata P1

Aree di attenzione AA )
Pericolosita idraulica (D.Lgs. 49/2010)

B cevaars
B veda P2

Bassa P1

02550 100 alva
B4.2%

A

15.8%
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Provincia di Bergamo
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GIS strumento di indagine del territorio

e
http://www.igisweb.it/difesa_suolo/
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HEC-RAS

Features
What's New
Downloads
Documentation
FAQs

Known Issues
Bug Report
Suggestions
Demo
Sponsors
Collaborators

Support Policy

Hydrologic Engineering Center
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Tutorial on using HEC-GeoRAS 10.1

-
6 Getting Started

N

PN

() Exporting HEC-RAS Output

@ Flood inundation mapping

g

PN

@ Hydraulic modeling

—

N

Q Flooding in Unsteady Flow Conditions

N

@ Visualization of HEC-RAS results in Google Earth

g

6 2D Flooding using HEC-RAS (with and without levees)

N
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Getting Started
Flood Inundation
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Floodplain Delineation

Section

Ry

’

Base of Slope\A

Limit of 100-y

Limit of 10-year ffoo

|

‘ Flood plain [_ChannelFIood plain

L*Flood plain for 100-year flood
Stream valley

A

Y
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Steady Flow Solution

— F Y
o} T '
2 ~=~--._Energy Grade Line
2o _""-un___h_h__ he
Water Surface )
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Y, %
&
Channel Bottom
Y4
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£
! Datum y

Figure 2«1 Representation of Terms in the Energy Equation
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Flow Conveyance, K

M+ _ Nz E Neh E M2
H : z ®

e : : 2
A F’1E Az P2 E Ach Pen E AxPa /
o - -
Kiee = K1 + Kz \_/_—.H::b -

Kch
1.49
0= 149AR2X3$}/2 K = TARZ/S
no sl/? 1.49 A5/3
OT'Q - f or K = Tm
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Reach Lengths

The distance weighted reach length, L, is calculated as:

I = L{mbg@ + Ligraj "‘_Lme: rob
Op + O + O

(2-3)

where:L,,.L,.L , = cross section reach lengths specified for flow in

the left overbank, main channel, and right
overbank, respectively

X R \ 4Floodplain

Lob Rol:

\

(1)~

—_

Floodplain

(2)

Left to Right looking downstream
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Energy Head Loss

The energy head loss [hg)l:retween two cross sections is comprised of

friction losses and contraction or expansion losses. The equation for
the energy head loss is as follows:

b g )
a,Vy ‘-’3'1V1_|

h =1S,+C (2-2)
¢ f
g 2g |
Where: L = discharge weighted reach length
St = representative friction slope between two sections
C = expansion or contraction loss coefficient

Ing. Filippo Gagliano



Velocity Coefficient, o

V., = mean velocity for subarea 1

2 2
V, = mean velocity for subarea 2 _ Q i_ 2
2 1 2
V lg lg
1 =
lg O+0,
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Solving Steady Flow Equations

.. Q is known throughout reach
All conditions at (1) are

known, Q Is known TP SO SVR

Select h, ¢ ¢

compute Y,, V,, K,, S;,

he . ) @ i TTe-.____Energy Grade Line

Using energy equation . *, e y

(A), compute h, el
Y2 T 2

_—
—

Compare new h, with : ~
the value assumed in M- b\ “h
Step 2, and repeat until |z L

convergence oCcurs : _ — L _
( 2) Figure 2-1 Representation of Terms in the Energy Equation ( 1)

()

Ing. Filippo Gagliano




Flow Computations

Reach 3

« Start at the downstream end
(for subcritical flow)

« Treat each reach separately

« Compute h upstream, one
cross-section at a time

« Use computed h values to
delineate the floodplain

Ing. Filippo Gagliano



Floodplain Delineation

Water levels are extended L---- P B
to trace the contour

River Stage

Delineated Floodplain

+\V[ ________

Contours

[/
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This will create a bounding
polygon, which basically
defines the analysis extent
for inundation mapping, by
connecting the endpoints
of XS Cut Lines.

After the analysis extent is defined, we are ready to map the inundation
extent. Click on RAS Mapping/ Inundation Mapping/ Water Surface
Generation. Select Biggest (profile with highest flow), and click OK. This will
create a surface with water surface elevation for the selected profile. The TIN
that is created in this step (t Biggest) will define a zone that will connect the

outer points of the bounding polygon, which means the TIN will include area
outside the possible inundation.

Ing. Filippo Gagliano



Aerials Maps

After the inundation map is created, you must check the inundation
polygon for accuracy. You may want to superimpose your results with the
aerial map, which is available in the Aerials folder in the working directory.

It is very common to find errors in the terrain. If you detect these errors,
you need to fix it in the HEC-RAS geometry file.



Integration Plannincg

ldentify where outputs from one
model (HMS) become input to tf
second one (RAS)

= Place hydrologic elements
(subbasins, reaches, junctions) to
capture flows at points of interest
(confluences, structures)

= Place hydraulic elements (cross-
sections) at points of interest

= |dentify/specify element naming
conventions between the two mod
(persistent or transient names)

Ing. Filippo Gagliano



Precipitation Sources

ldentify sources of
precipitation input into
the hydrologic model
and techniques for
their incorporation into
the dataset

= Point (rain gage)

= Polygon (Nexrad cells)
= Surface (TIN/grid)

Ing. Filippo Gagliano



Develop GeoHMS model

Follow all principles In
development of a hydrologic
model

In addition, take into
consideration integration planning
aspects developed earlier

= Placement of flow exchange points
= Naming conventions

Incorporate precipitation
submodel

= Develop Arc Hydro time series for
the final subbasin delineation and
export to DSS

EXpOFt tO H MS Ing. Filippo Gagliano



Meteorological Component

B Attributes of TimeS:

Develop a custom 3

Arc Hydrag

1 17 & 7/1/2002 4.00.0 0.03714

B 2 17 8/7/1/20025.00.0 0.28810

B 3 17 8(7/1/2002 6:00:0 1.21120

14 [}) f B 4 17 8/7,/1/2002 7.00:0 075638
_ 5 17 8 71/2002 8:00:0 0.69582

g a g e O r ea C h B 5 17 8/7/1/2002 %,00:0 0.31600

B 7 17 8/7/1/200210:00; 0.80162

8 17 8/7/1/200211:00; 0.50833

0.34306

[l

| g 17 8 7/1/2002 12:.00:
S l l aS I I I O r O r e a‘ | 10 17 & 7/1/2002 1:00:0 033332
11 17 & 7/1/2002 2.00:0 015172

7 12 17 8/71/2002 3:00:0 0.04625

- - _ 13 17 8 7M1/2002 4:00:0 0.01306

_ 14 17 8 71/2002 5:00:0 0

ral n a O Se rVa I O n _ 15 17 8/ 7/1/2002 6:00:0 0.38137
_ 18 17 87 M/2002 7.00:0 0.24416

_ 17 17 8/ 7M/2002 8000 042312

- 7 18 17 8/ 7M/20029.00:0 0.18495

eleme nt W|t i E o
7 20 17 8/71/2002 11:00 019340

21 17 8 7/2/2002 0

~

RlI7Ann2 4000 M Na&71

CO rres p O n d i n g We i g htS Gece ﬂﬂ?l;—ﬂjmm Show [ A Selested | Riecmds (21 outof 315 Selecter ]
for subbasins. Arc Hydro to DSS transfer

Export the time series
for the subbasin o, BT I S—

" HecDssVue

File Edit Wiew Display Wilities Help

File  Edit View

111 1] Search A | j [ | j
gage from Arc Hydro | - S = e
MNurmber Pathname O‘
] . 1.2
2 /ROSILOBNEXT 241 SPRECIP-INC/IH JUL2002/1 HOUR.FROM NEXRADS
I I I I e S e r I e S a a 3 /ROSILOBNEXT 241 S/PRECIP-INC/I JUL2002/1 HOUR.FROM NEXRADS
4/ROSILOBNEXT2i20/PRECIP-INC/I JUL2002/1 HOUR/FROM NEXRADS
5 ROSILOBMEXT 20021 PRECIP-INC/M JUL2002/1 HOUR FROM MEXRAD! 1.0
- & ROSILOBMEXT 20 22/PRECIP-INC/O JUL2002/1 HOUR FROM MEXRAD!
7 IROSILOBMEXT 20 23/PRECIP-INC/O JUL 2002/ HOUR FROM MEXRAD!
u l | I BROSILOBMEXT 2 24/PRECIP-INC/O JUL2002/1 HOUR FROM MEXRAD! —_ 0.8+
ROSILOBMEXT2A25/PRECIP-IMNC/O JUL2002/1 HOUR/FROM MNEXRAD! Z
ARSI ARMEST 2 AR DREIEIN L 200 6 HALIR RO NFR A0 Z
VROSILOBNEXT 2/ TPRECIP-INC/O1 JUL 2002 HOUR/FROM NEXRAD! g 0.6
&
044
Select Clear Selections
Mo time window set
024

o0 T T T T T T
0600 09:00 12:00 - 15.00 18:00 al UQ 24.00
DSS @> Ing«Filippo Gagliano
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i1ze and Run HMS

_4p012308_1

S B i #3 Basin Model [p012308_1] m=3
Complete HMS .
p012308_L
el opccified Hyetograph
. 3 _| Contral Spedfications Wyl T0
model with an .
y W80
dditional o v
a- I I O n a Components | Compute | Results +&. k140 o =
+ L"L" 150 JE1
Subbasins +&b R160 w21p
paral I I ete rS Name: p012308_1 +L:,’\:: R40 N
Subbasin Nare Gage Total Depth (IM) +L" R7D e
. . 1A RED O
I n CI u d I n g w170 WDHNRDesign 74276 E‘r T
w180 WONRDesign 7.9199) 1
. 2 i ;CM
. w190 WDNRDes!gn 8.2362 505 Linik Hyd TSR o
W200 WDNRDEngn 7.01599 Mo Baseflow +L"L-' Ri50
meteorologica e I P - o i
w220 WONRDesign 7.9407 +é’. wia0 +|L_, R40
W230 WDNRDesign 8.6108 -5 R70 -
model and control = i e ey Do rEm ,\
4 p012308_t % sutaer | Lo | 1ot oy % (s R70
. . +_| Basin Madels =9 Subbasin ransform + iy
specifications F Bty
Lo L Basin Name: p01230: =
=4 Contral Specifications : SCS Curve Mumber
P . Element Name: W170 = )
@ ; . SC3 Unit Hydrograph
-] Time-Seties Data Initial Abstraction (IN) [ O : "
I O I I OW aI I Curve Mumber: | 74,2765 LB waenn i
Impervious (%) | 0.0 Components | Compute | Re : g
- - - :
ol v
rinciples in HMS st o] 1|
Components | Compute || Results
Basiniame: plr2son 1 Subbasin | Loss || Transform | Options
m O e Components | Compuke | Resulks Element Name: W170
Lag Time (MIN) | 177.89 Basin Name: p012308_1
% Control Specifications - El t Name: W170
development 2
Name: Rosillo Standard Dawnstream: | 166 P

Diescription: | Standard Rosillo Design Run Area (MI2) | 3.1678

(Cal I b ratl O n y etC . ) Start Date (ddMMMyyyy) | 01Jan2000 Loss Method: | 505 Curve Mumber =

Start Time (HH:mm) | 00:00 Transform Method: | 5C5 Unit Hydrograph -
End Drate {ddMMMyYYY) | 02Janz000 Baseflow Methad: | -tone-- v
End Time (HH:mm) | 00:00
Time Interval: |10 Minutes w
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Finalize and Run HMS (;

Do the final run
and generate
results (DSS)

Global Summary Results for Run "Rosillo Standard Design Run™

Start of Run:
End af Run:

Project: p012305_1

01Janz2000, 00:00 B
02Janz000, 00:00
Compute Time: 23]an2003, 22:06:40

Metearalogic Madel:
Zonkrol Specifications: Rosilo Standard

Simulation Fun: Fosillo Standard Design Fun

asin Model:

Yolume Units: (3 IM () AC-FT

pl12308_1
p012308_1

- BIX]

B=1E3

Hydrologic | Drainage Area | Peak Discharge Time of Peak valume
. Element {MIZ) (CF3) (I
HMS View R110 14,3850 8861.1  |D1Janz00d, 14:00 515 ~
R140 4,53340 302.9 013an2000, 23:00 1.59
R150 18.202900 11576.7 013Janz000, 14:20 5.27
R1&0 26,39950 13621.0 013Janz2000, 15:00 4.54
DSS V R40 5.21810 3162.5 01Jan2000, 14:20 5.09
I eW R70 3.63036 36354 013an2000, 14:30 4,36
RE0 10.60510 50131 013Janz000, 14:10
fR30W1BO/FLOW-DIRECT/01JUL2002f1HOUR/MLUN 1F W70 Graph for Subbasin “W170"
File Edit ‘iew - - -
subbasin Element "1 70" Results for Run "Rosillo Standard Design Run”
160000 = 0.07
= 0.3
140000 S ]
m 067
o ]
1200004 0.9+
1000004
1,600
5 80000+ g 1,200
S ] i
2 ronoo- = 8007
') -
40000 o 400_
O I 1 I 1 I I 1
00:00 0300 06:00 09:00 12:00 1500 12:00 21:00 00:00
20000
| 01Jan2000
] T T T T T T T Legend
06:00 08:00 12:00 15:00 18:00 21:00 24:00 B FncROSILLD STAMDARD DESIGH RUN Bement:WH70 Result:Incremental Precipitation
01Julza0z B FyncROSILLD STAMDARD DESIGH RUN Bement:wi70 Result:Precipitation Loss
e R30NAE0 RUN 1 FLOW-DIRECT = OUTLET RUN 1 FLOW Run:Rosille Standard Design Fun Bement: W70 Resuft: Outflow
— — — Run:ROSILLO STANDARD DESIGH RUN B AITD Result:Basef] =p= =
] ement esult:Baseflow Ing- FlllppO G?gllano



Develop GeoRAS model (pre-processing)

<+ Follow all principles in
development of a hydraulic
model for element placement
(confluences, structures, ...)

< In addition, take into
consideration integration
planning aspects developed
earlier

= Naming conventions (add name
of the HMS element to the cross-
section that will get the
element’s flows)

< Export to RAS




Finalize and Run RAS

Steady Flow Data - MormalDepth Run 1

File Cptions Help

o — :
‘ Enter/Edit Mumber of Profiles [2000 mawx): 1 Reach Boundary Conditions | |
d I . tl’] River: |F|osillo j
I I l O e WI a n y Reach: |U|:|:|er j River Sta.: | 96270.05 j Add A Flow Change Location |

Flow Change Location

o B River Reach RS Peak Flaws
a I I O n a 1| Rozilo Upper 96270.05| 19443.55
2| Rosilo Upper 79446.8E| 19443.55
3| Rosilo Upper 74689.1Z| 3277776
4| Rosilo Upper B4156.17| 41593.27
a ra I I l ete rS 5| Rosilo Upper 55586.71| 59869.55
5| Rosilo Upper 44331.4 |80382.88
7| Rosilo Upper 28705.81[121592.4
8| Rosilo Upper 367378 142012

including initial| =====
an d b O u n d a ry FE it Stescly fow data for e profies [cfs

Set Locations for DS5 Connections

- -
CO n d Itl O n S - Delete row from table
Reach: |U|:|per ﬂ River Sta.: |96270.05 ﬂ Add selected location to table | B 3]  KesnPrevs Phis _ClosPi
River Reach RS DSS File | Part & A MexradRun Plan: Run 1 with normal depth  3/3/2005
‘ 1| Roszllo Upper 79446.58 C:\hmsprojaaaat. ‘ |
TS S 2| Riosilla |Ipper 7462913 C:\hmzprojhazast. - I Ll T
‘ 3| Roszllo Upper G4156.13 C:\hmsprojaaaat. o Pt e
4| Rozilla Upper 55586.71 C:\hrmzprajvaaaat. rrrr—
- - - 5| Riozila Upper 443314 C:Ahmsprojsaaaats b il Pek Flows.
rinciples in : ’
p p DSS File: C:\hmeprojaaaataaaa dss j | Update Eatalﬂ BarkeSe
Part & Fart B Part C Part D Part E Part F ”~
Filter
1 J3E FLOW 01JUL2002 | 1HOUR RUM 1
2 J39 FLOW 01JUL2002  THOUR RUM 1
3 Jd4 FLOW 01JUL2002 | 1HOUR RUM 1
4 J43 FLOW 01JUL2002  THOUR RUM 1
5 JEE FLOW 01JUL2002 | 1HOUR RUM 1 j
5 JE1 FLOW 01JUL2002  THOUR RUM 1 =
. - 7 JEE FLOW 01JUL2002 | 1HOUR RUM 1 o 0 a0 P "T200 —
C aI I b ratl O n g OUTLET FLOW 01JUL2002  THOUR RUM 1 a3 Station (1t)
b) Select D55 Pathname | | |
Plat Selected Pathname oK | Cancel |

etC.) Ing. Filippo Gagliano



lize and Run RAS

055 Section Qutput

File Type Options Help

D O th e fl n a.l ru n River. |Rosilo | Profile: [[EEAE

Rieach [Upper ~|rs: [seznos | 8| | Pl [plant =
and generate . :

E.G. Elewv [ft] TE9.97 | Element Left OB Channel Right OB

Vel Head (1] 478 | Wt nval 0.035 0.040 0.040

W.5. Elev (1] 765.19 | Reach Len. [f] 234.20 7274 24354
res u ItS (eX p O rt it w.s. (i) 765.19 | Flow Area (sa f] 4355 7752 33243

E.G. Slope (it11) 0.025348 | Area [sqft) 4855 7752 33243

2 Tatal [ch) 1944355 | Flow [cfs) F10.05 1346630 5367.19

.

t d f f I Top Width [ft) 114.93 | Top'width (i) 9.EE EE.E0 173

O S I e el Tatal [fts) 17.38 | 4w Vel [ft/s) 1257 18.26 1615
taw Chi Dipth (fr) 15.19 || Hydr. Depth (i) 5.02 11.07 268

Corwy. Total [cfs) 122123.6 |_Conw. [cfs) w/Nn7 84581.0 33711.0

* . Profile Plot

File Cptions  Help Length witd. () 264.90 | Wetted Per. [ft] 2325 13597 9377
Reachas ... | Praf | Hin Ch EI[ft]) 780.00 | Shear [Ib/sq ft) 283 8.58 5.E1 Feload Data
—| Alpha 1.02 | Stream Power (Ib/ft 5] 330 156,73 90,58 J
Frctn Loss [ft] 306 | Cumn Volumne [acre-ft] 12436.43 809776 8851.39

Curn 54 (acres) 1054.24 576.89 75363

C&E Loss (i)

Legend

The energy equation could not be balanced within the specified number of iterations. The —_—
WS Pesk Flowes

rogram uzed critical depth for the water surface and continued on with the calculations. R | D JrE.
ivided flow computed for this crozs-section. Crit Peak Flows

Profile Qutput Table - Standard Table 1

File Options 5Std. Tables Locations  Help he velocity head has changed by mare than 0.5 0015 m). This may indicate the need for Ground
dditional cross sections.
Reload Data |1, canvesance ratin instream convevance: divided b downstream convevancel i less than %
Reach | River Sta Prafile Min Ch EI[W.5. Elev| Crit'W.5. | E.G. Elev A
[cfs) (i) (i) [it] i)
Upper 75E2E.59 Peak Flows| 1944355 EBEE.00  E74.09 E74.45 #
Upper 75281.3 Peak Flows| 1944355 66600 E73EE E73.9:
Upper 77174 Peak Flows| 1944385 BER15  E7289 E73.3E
Upper 7468913 J61 Peak Flows| 3277776 66375  E72E2 67320
Upper 7420402 Peak Flows| 3277776 EBE200  E71.81 E72.44
Upper 73943.38 Peak Flows| 3277776 BE200  E71.08 E71.8€
Unper 73599.31 Peak Flaws| 32777.76) GE0.G4)  EEA.E3 EP0EE™
£ >
Tatal flow in cross section.
550
500 T " T T
1) 20000 40000 GO000 &00a0 100000

Main Channel Distance (ft)
Ing. FIlippo Gagliano



Process RAS results in GeoRAS

Construct the floodplain
based on the results in
the sdf

Review the results with
respect to spatial
Integrity (extents of
Cross-sections,
Ineffective flow areas,
disconnected flood

areas, ...) »  ‘ ~
I _ o & \ \
#\ vy Ing. Filippo Gagliano

Clean results
Revisit RAS




«|| tutto e maggiore della somma delle
parti®, diceva Aristotele.

0+0=0

Ing. Filippo Gagliano



«|| tutto e maggiore della somma delle
parti®, diceva Aristotele.

NON E SEMPRE VERO!!!

0°+0°=2

Ing. Filippo Gagliano



