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225 billion
8000 lives




+ There
BRMBGHSN the Indus Basin occur in late summer
{J_ @September) during monsoonal rains.

-__'..- Jh'E'-'II..HTI 'Cl'hE:I'I-EIh
» Indus River itself

Chenab Jhelum Rawvi
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Meteorological OBservING NETWORK OF PakisTan
Meteorological Department




LATEST IMPROVEMENT IN METEOROLOGICAL
OBSERVING NETWORK OF PAKISTAN

InstalledfAWS
10 AWS under
installed in 2008.
. Tide Guages installed
¢ Tide Guages proposed




PAKISTAN WATER AND POWER DEVELOPMENT

SNOW & 1CT- Y PROJECT: DCP NET
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Indus
Jehlum
* . Streamflow Stations (SWHP)
+ Climatic Stations (SWHP)
= Climatic Stations (SIHP)
100 0 100 Miles Climatic Stations (PMD)
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INDUS RIVER SYSTEM

5 Major Rivers

4 Large Reservoirs

23 Barrages/headworks

45 Canal Commands




@ Phase I (2001 to 2006)
@ Phase IT (2006 to 2011)

Basha Diam

@ Phase ITI (2011 to 2025) Shardu
O Cities Kalam |-
T __—{Satpara Dam
Kalabagh _~{Yugo
—— DISPUTED
- TERRITORY

Chashma Right Bank Canal

—| Bahtar

Gomal Zam Dam

Maulang Dam
.

Gaj Nal Dam

-

Sehwan Barrage

Miranl Dam

o, Hingal Dam

| Akhor

Sanjwal “| Rohtas

Thar! Ralnee Canal

Khadejl Dam







WATER RESOURCES OF INDUS BASIN




Glaciers of Upper Indus Basins

o . o .
'—3705 3705—|

o . e .
7100 77 50

LEGEND
™ Glacial Lakes

| . i “@».. Glaciers . \
33 65 —_— Basin Boundary 3365
— Ridge Lines

Source: WRRI, NARC (2005) “ Inventory of glaciers”
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Case Study: Nala Lal

Johd Kas

Nikki Lal

Pir Wadhai Kas

Legend
(&4 Bridge
Rivers
RiverBasin

o] 1 2 4
e e 1T

Source: Pakistan Meteorological Department




_al Nullah Basin Area
Soclo-economic Condition

Present (2001) 2012 2030
and Use D [ o) | & | 0 | &D |
Densely Populated 312 e 352 15 388 165
i Moderately Populated 533 227 68.6 29.2 95.2 40.5
BuiltupArea 1o urhs 6.1 26 56 24 23 1
Sub-total 9056 386 | 1004 466 | 1363 58.0
/Agricultural Area 334 142 29.1 124 114 4.9
Forest 349 148 23 138 2 136
Non Built-up Area [Green and Bare Land | 74.3 316 624 266 535 28
\\ater Body 16 0.7 16 0.7 16 0.7
Sub-total 1442 613 | 1254 535 985 420
Basin Total 2348 | 100 2348 | 100 2348 | 100

Gawal Mandi Bridge
0

Chaklala
)

0 N 1 .

Bridge Agricultural Area - Forest ;
Rivers - Residential Area (Dense) - Bare Land (A
D RiverBasin | Residential Area (Moderate) - Water

| Residential Area (Suburbe)

Source: Pakistan Meteorological Department




Lai Nullah Basin Area

Geographical Condition

(1)The Margalla range

stans behind Islamabad city area and forms
the notth boundary of the Lai Nullah basin.

(2)The foot of the range

expands over the built-up area of
Islamabad city with a gradual slope from
North to South.

(3)The alluvium plain

Is developed from Islamabad to the upper
part of the Rawalpindi area above Chaklala
Bridge

= 475m

475 - 500m
500 - 550m

(4)The valley area

550 - 600m

B o - 700m forms a definite steep valley with several
— cascades.

I 900 - 1300m



Lai Nullah Basin Area

River Features

Upstream from Kattarian Bridge

Major three tributaries
» Bedarawali Kas

» Tenawali Kas

» Saidpur Kas

Rather spacious cross-section with less
meandering alignment

Channel bed-slope : more than 1/500

The upper stretches of the tributaries have
never caused any serious flood overflow.

The lower stretches of the tributaries is
under influence of backwater of Lai Nullah

Extensive flood inundation occurred in Block
1-8 and 9 of Islamabad in 2001

Legend

O Bridge

Rivers

: RiverBasin

Source: Pakistan Meteorological Department




Lal Nullah Basin Area
River Features

Middle Stream between Kattarian Bri.
to Chaklala Bri.

Lai Nullah passes through the
Rawalpindi Area.

The area is on the flat alluvium plain
with several meandering portions

Channel bed-slope : 1/1,250

The stretch has frequently caused the flood
overflow.

Channel flow capacity increased less than
300m3/s to more than 600m3/s by ADB
project.

Legend

O Bridge

Rivers

Source: Pakistan Meteorological Department

RiverBasin




Lai Nullah Basin Area
River Fea

There was a heavily meandering section before.
(This section was improved by ADB project)

Channel bed-slope : 1/1,250

The stretch has frequently caused the flood overflow

Source: Pakistan Meteorological Department
Legend

O Bridge

Rivers

| RiverBasin




Lai Nullah Basin Area
River Fea

Downstream from Waterfall to
Confluence with Soan River

Lai Nullah passes less populated Area.

The Lai Nullah meets the first waterfall about
3,800m upstream from G.T. Road Bridge.

Channel bed-slope : 1/70

The section has the rather large channel width
and depth.

The flood damage along this stretch could be nil

_egend

O Bridge

Rivers

Source: Pakistan Meteorological Department

| RiverBasin




Lai Nullah Basin Area

Rainfall (mm)

Climate

300 45
Emm Rain A
250
200 +
150 +
100 +
50

1 :5
0 | | 1. [ I | | | | | | L0
4 5 6

—aA— DailyMaxTemp
—@— DailyMin. Temp

N
o
TenperdurgX

»Subtropical Triple Season Moderate Climate Zone

»Hot summer (40°C) and Cold winter(nearQ°)

»Rainy Season (July to September)

»Annual Rainfall is 1,000mm (rainy season is 600mm).
» Thunderstorm activity is higher in the monsoon season.



Legend

C} Rain Gauge Station
L) Bridge
Rivers

RiverBasin

Existing

Saidpur

PMD (Islamabad)
RAMC

Chaklala

New
Golra
Bokra
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Lai Nullah Basin Area

Past Flood

Year Uate Year Date
1944 August 13 1985 No Data
1957 No Data 1988 No Data
1966 July 31 1890 No Data
1970 No Data 1994 July 3
1972 No Data 1995 July 24
1976 No Data 1996 July 29
1977 No Data 1997 August 27
1978 No Data 2001 July 23
1981 No Data 2002 August 13
1982 August 10 N/a N/a

19 years at least in 59 year

=% | Once in every 3 years

Recorded flood mark at Gawal Mandi Bridge by TMA

Year Maximum Water Level Discharge
(ft) (m) (m/s)
1966 25 494.02 450
1970 30 495.54 700
1972 26 494.32 500
1976 25 494.02 450
1977 30 495.54 700
1978 25 494.02 450
1981 29 495.24 650
1982 32 496.15 850
1994 31 495.85 770
1995 26 494.32 500
1996 20 492.50 270
2001 41 498.90 2,870*
2002 22 493.10 320

Source: Pakistan Meteorological Department



v'The largest flood

v'Rainfall at Islamabad Station was recorded at
620mm in 10hrs from 6:00 to 16:00 (PST) on
23 July 2001.

v'The rainfall was caused by freak combination:

(a) intense heating on the surface

(b) presence of mid latitude westerly trough
and

(c) moisture feeding through monsoon flow.

Flood Inundation Depth

03 -1m
[] 1-2m
] 2-2m
[] z-4m

|:| Greater than 4 m 1000 0 1000 2000 Meters

Source: Pakistan Meteorological Department



The Main Cause of the Inundation of 2001 flood

RN




Responsible and Implementing Agencies
of the Project

(1) Agency Responsible for the Project
- FFC is the agency, overall responsible for the Project.
(2) Implementing Agency for the Project

- PMD is the implementing agency for issuance of flood
related information.

- TMA of Rawalpindi Is the Imp
Issuance of flood warning through




g

L Scope of the Project J-’

( 2
{_Scope of the Japanese Grant Aid )ﬁ

Pakistan Meteorological

Rainfall Observation » ~ Department (PMD ) b Water Level
Rainfall/Water Level Observation Observation

Flood Forecasting

N ~

{ TMA-Rawalpindi Monitor Station
E ==

Flood Warning for Evacuation || Federal Flood Commission

I - Water and Sanitation Agency
[

Integrated Operation of
Warning Post

'Announcement

[Citizens' Organizationj

Siren

City Residents

(Flood Evacuation Plan
L (Flood Hazard Map)

Prompt and Safe Evacuation
to protect lives and properties

Source: Pakistan Meteorological Department



Organization in

Station Function
charge
1. Master Control Center
PMD, Islamabad * Flood forecasting data collection
» Data processing . PMD
* Dissemination of flood information to related
agencies
2. Rainfall Gauging Station
2.1 PMD, Islamabad, Saidpur, Gorla, | Automatic rainfall data observation . PMD
Gorla,Bokla,RAMC, Chaklala (Telemetry subsystem)
3. Water Level Gauging Station
3.1 Kattarian Bridge Automatic water level data observation
- (Telemetry subsystem) - PMD
3.2 Gawal Mandi Bridge
4. Repeater Station
4.1 RAMC Telemetry Repeater * Repeater function for telemetry -
4.2 RAMC Wireless LAN Repeater * Repeater function for wireless LAN
5. Monitoring Station
5.1 FFC Flood information monitoring FEC
(Data transmission subsystem)
52 WASA Flood lnform_atpn monitoring WASA
(Data transmission subsystem)
6. Flood warning control centre
TMA Rawalpindi: Control and supervision of warning system
e Contrgl < Sup_erv_|5|on Flood information monitoring CDG/TMA
- Flood Information Monitoring g
(Data transmission subsystem)
7. Flood Warning Post
7.1 WP-1: TMA Rawalpindi Flood evacuation warning by motor TMA

siren and loudspeaker




(Golra

Perspective- M

: PMD Master Control Centre @ : Waming Post

: Moritoring Station <Y : Repeater Station

: Flood Waming Control Centre = = = :\Wireless LAN Network Link

: Rainfall Gauging Station : Telemetry System Radio Link
: Water Level Gauging Station :Waming System Radio Link

Source: Pakistan Meteorological Department




Output of the Project

PMD TMA

6ood prediction time: 1 to 2 hours before flo@

Telemetry Rainfall and
Water Level Observation

Rei':llltime @egrated warning for evacuatiorD
Rainfall/ Water Level

Observation

Good enough time to
evacuate: 1 to 2 hours
by flood prediction

To reach
a specified
water level

= . . for warnin
Simulataneous obsevation of @ Judgement: 10 minutes / 9

! To start
rainand Watsr level < 2 Minimal warning activity warning for
: evacuation
/
7
7

Required evacuation

\ o
4 4 I'; N g time: 1 to 2 hours ' Tostart
~ -
e

- - N river overflow
@ | Integrated Alarming |
To shorter required evacuation time by

% adequate evacuation plan
Area o .
=
=9 i
Risky time zone
causes loss of life
| Clear Route for Safe Evacuation |

After the Project

Source: Pakistan Meteorological Department



Forecasting a Flood

Using M




- Morning?
- Daytime?
- Night time?

Maximum Record

200 = .
20 20 in Pakistan
i 27 August 1997 Flood i 23 July 2001 Flood
| 29 July 1996 Flood I
Chaklala
Chaklala Islamabad
—— Chaklala r e B RAMC
Islamabad — - — - Saidpur
150 | —— Islamabad 150 - 150 -
,,,,,,, RAMC
il i ~  Mid-night
arly 9
5 50 .. 50 L
U . I
" R
! :
; e i 1t
’ Nt — L ! B
0 — 0 S 0 == 2 oo,
0:00 6:00 12:00 18:00 0:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00
Time (PST) Time (PST) Time (PST)
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Simulation Model

Objectives of the simulation analyses

To clarify the flood inundation
mechanism in the Lal Nullah Basin
To determine the basic
hydrological parameters for
designing countermeasures, such
as design discharge and design
water level

To examine effects of conceivable
countermeasures.

Source: Pakistan Meteorological Department

Runoff Calculation from Sub-basins
(SCS Unit-hydrograph method)
(MIKE11)

L

Flood Routing
(Dynamic one-dimensional model)
(MIKE11)

i |

Flood Mapping
(MIKE11 GIS)




Water Level (m)

Discharge (m3/s)

Runoff Characteristics

Water Level Hydrograph (2001/7/23)

51,
50 | '
505 [

Peak Rainfall :13:00

Kattarian Br.

o[ T TN Sana) Mandi Br. Peak water level

s ) 10 hours . Kattarian Br. :15:00
i | Gawal Mandi Br. :18:00

495 I BanklevelnearGl.Mand|Br.495m e, ~—

o | / = \ Peak Discharge

i Kattarian Br. :14:30
BE L e Gawal Mandi Br. :16:00

480 L
6:00 9:00 12:00 15:00 18:00 21:00 0:00 3:00

Discharge Hydrograph (2001/7/23)

3000
50 E - Kattarian Br.
2510(% E Gawal Mandi Br. l
2010563 ; ““““ Chaklala Br. - ‘
B 1 T
1500 | The flood came in a flash!!!
1000 ; . 0
: The peak difference between rainfall
500 | and discharge is only 2hours.
0
6:00 9:00 12:00 15:00 18:00 21:00 0:00 3:00

Qniirra- Dalzictan NMatanrnlanical Nanartmant



Runoff Characteristics
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Simulation Model Set-up




Simulation Model Set-up

¢ A unit-hydrograph method
based on the SCS Curve
Number was selected to
estimate runoff discharge from
15 sub-basins.

¢ The estimated runoff
discharges were further used as
inflow data to river network for
the flood routing.

¢ The main river, Lai Nullah, and
four major tributaries, Saidpur
Kas, Tenawali Kas, Bedarawali
Kas and Johd Kas were

considered. V o
Runoff is estimated by SCS Unit-
hydrograph Method

Source: Pakistan Meteorological Department




1062000
1060000 |
The flood routing is made along the y
: s g : 1058000
river network consisting of the five .
rivers. ]
1056000 |
River Stretch Length (km) -
. ) ) 1054000
Lai Nullah Kattarian Br. to Soan River 17.5 ]
Saidpur Kas Zero Point to Tenawali Kas 5.8 ]
Tenawali Kas Jinnah Avenue to Bedarawali Kas 8.7 1052000
Bedarawali Kas E-9 to Lai Nullah 12.7 ]
Johd Kas Golra Village to Bedarawali Kas 7.3 1050000 E 77777777777777777777777 %
Topo-1D Manning's Number . . i
ranch N : River N - —_—
ranch ame I FFWS Model in 2007) n L R L <
i = ] —
“DARA JICA-2002 high water channel = 0.050| 2 o vali Kas| -
low water channel = 0.035 1 |
JHD JICA-2002 high water channel = 0.050 Johd Kas | —
low water channel = 0.035 i ;
high water channel = 0.050 . ]
AIDPUR JICA-2002 low water channel = 0.035 Saidpur Kas | o)
high water channel = 0.050 - fiow o —_
NA JICA-2002 >~ Tenawali Kas | - Sub-basin <
low water channel = 0.035 S SEREEEEEENE 3
\I-UP ADB-PRO-LOOPCUT 0.03 Lai Nullah | | | | |
high water channel = 0.050 . T D . T N
AlI-DWN LOOPCUT(CHG) low water chamnel = 0.035 Lai Nullah  p00000 3205000 3210000 3215000 X (m)
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Present Criteria of Evacuation
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Flow Capacity of Lai Nullah River
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Table3.1 Water Level Criteria

Kattarian Bridge

Gawal Mandi Bridge

Criteria Water Level Water Level Water Depth Water Level Water Depth Remarks
m ft m ft

Rank-A Water Level 499.6 20.0 492.7 17.2 Minimum of [2] and [3]

Rank-B Water Level 498.1 15.1 491.2 12.1 Minimum of [4], [5] and [6]

Rank-C Water Level 496.5 10.0 489.8 7.5 [7]

Kattarian Bridge

Gawal Mandi Bridge

Discharge  Water Level Discharge  Water Level Remarks
m/s m m/s m

[1] Design Discharge 2,270 505.6 2,640 498.3
[2] Min.Flow Capacity 640 500.0 620 492.7 Japan Danger Stage Criterio (Bankful Discharge)
[3] Existing Criterion 559 499.6 839 493.6 Present Criterio of Rawalpindi (20-feet above riverbed)
[4] 50% of [2] 320 498.2 310 491.2 Japan Warning Stage Criterio (a)
[5] Based on 5-year Model Hyeto 330 498.2 390 491.6 Japan Warning Stage Criterio (c) *1
[6] Mean of [3] and [7] 306 498.1 325 491.2 Japan Warning Stage Criterio (b) *2
[7] 20% of [2] 128 496.5 124 489.8 Japan Advisory Stage Criterio (a)

Ground Level 1,948 504.7 1,261 495.0

Riverbed Level 493.5 487.5

*1 : Japan Criterio is 3-year but simulation was done with minimum model hyet of 5-year.

*2 . Meaning like criterio (b) of Japan Warning Stage

1 feet = 0.3048 m

Rank-A water level corresponds to the Danger Stage
Rank-B corresponds to the Warning Stage
Rank-C corresponds to the Advisory Stage

Source: Pakistan Meteorological Department
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Flood Warning Code

[ Pre-Alert }

50mm / 180min (calculated after every 10 minutes)
Each agency should take position to Flood Watch.

Broadcast heavy rainfall and flood prediction, if
the rainfall intensity is bigger than the above

filgures.

Rainfall
50mm / 60min ; 135mm / 180min.

Water Level

Kattarian Bridge : 496.5m (10 feet from riverbed)
GawalMandi Bridge : 489.8m (7.5 feet from riverbed)

Broadcast flood warning, if the rainfall intensity and
raising water level is higher than the above mentioned
figures.




Flood Warning Code

{ Evacuation J

Kattarian Bridge

Patternl: Water Level exceed Alert Level Rainfall exceed Alert Level

Pattern2: Water Level exceed 499.6m (20 feet from riverbed)

Gawal Mandi Bridge

Patternl: Water Level exceed Alert Level Rainfall exceed Alert Level

Pattern2: In case of Kattarian Warning

Pattern3: Water Level exceed 493.6m (20 feet from riverbed)

Broadcast siren and announcement for evacuation In case of
“Evacuation”.




Flood Warning Code

All flood watches and flood warnings are cleared, if
no flood is expected and the rainfall intensity and
declining water level is smaller than the following :

e Rainfall

20mm /per 180min.

All Clear

Water Level

Kattarian Bridge 496.5m (below alert level)

Gawal Mandi Bridge 489.8m (below alert level)




Flood Warning Code

The possible time for evacuation

Old criterion |
(20 feet from riverbed) New Flood Warning Code
10 minutes - One and half hour

lengthened




Telemetry and Data Transmission System
in PMD




Introduction to Warning System.

SUPERVISORY & CONTROL SYSTEM IN TMA.

e |t control all the 10 warning Posts present In
different vicinity of the City along the Nullah
Lai

Source: Pakistan Meteorological Department



Introduction to Warning System.

Remote Controlled Warning Posts (10 Station)

There are 10 Warning
Posts.

51n Up Stream
5 in Down Stream

Each warning Post
operated from TMA by
Radio Waves.

Each Post Comprises of 4
Speakers, One emergency
light and One Siren

In Case of Power Failure a
battery is installed which
provide backup to the

warnin g posgo;!:rgar P?kigaqxgéorological Department




fMotar Siren
2k

Varmning Post

THE PFICCJECT FOR THE IRPROVERERT OF THE FLOOD FOMECSAETING AND H H H -
A AT it L] LB A Bl Fig.1 Warning Area of Siren and Loud Speaker
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Barkhan
Dalbandin

Climatic Stations

June 1-29, 2007

Monthly Normal

44 43
103* 0.9

52 %%

78 0.8
89+ 3.3
75" 12.6
135* 1.8
80+ ()

0 0.5
141%* 4
104* 0.4
82% 1.5
176* 3.5
226 =
67+ 14.7




Figure 7. Damage to electric supply in
Noshki : to the railway track in Figure 4. Floodwater in Dasht, Mastung
Noshki

-'Ih-" g

age to tubewells in Noshki

Figure 8. Dam

Figure 6. Damaged bridge in Mach, Bolan Figure 3. Floodwater in Jaffarabad



Figure 9. Damage to agriculture and
rural housing, Noshki Figure 10. Damage to agriculture in Kharan



Thank You
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AND ENVRONMENTAL MPROVEMENTPLAN Flood Risk Map
OFLAINULLAHBASIN (Flood Tnundation Area by
IN THE ISLAMIC REPUBLIC OFPARISTAN 25 201 Fod e ADB
TAPAN INTERNATIONAL COCPERATION AGENCY Lai Nullsh Improvement Project)
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