TABLES AT THE BACK OF REPORT
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Table5.1.2

Availability of Short-time Rainfall Data during Main Rainstorms

Year Date Chaklala Islamabad RAMC Saidpur
3-Hourly | Hourly | 3-Hourly | Hourly | 3-Hourly | Hourly | 3-Hourly | Hourly

1970 13-Aug A

1970 24-Aug A

1971 26-Aug A

1972 16-Sep A

1972 9-Dec A

1973 26-Jul A

1974 15-Jul A A

1975 4-Jul A

1975 18-Jul A

1976 2-Sep A A

1977 6-Jul A

1978 30-Jun A

1979 15-Sep A

1980 21-Mar A A

1981 14-Jul A

1982 10-Aug A

1983 26-Aug A

1984 28-Jun A A

1984 8-Jul A A

1984 17-Jul A A

1985 8-Jul A A

1985 14-Jul A A

1986 10-Feb A A

1986 11-Jul A A

1986 18-Jul A A

1986 14-Aug A A

1987 13-Aug A A

1987 18-Aug A A

1987 24-Aug A A

1988 1-Aug A A

1988 14-Aug A A

1989 30-Jul A A A A

1989 20-Aug A A A A

1990 9-Aug A A

1990 29-Aug A A

1991 9-Aug A A

1991 6-Sep A A

1992 10-Sep A A

1993 24-Mar A A

1993 10-Aug A A

1994 3-Jul A A

1994 10-Aug A A

1995 24-ul A A

1996 29-Jul A A

1996 8-Aug A A

1996 16-Aug A A

1997 27-Aug A A A A

1998 24-Feb A A

1998 16-Jul A A A A

1998 3-Aug A A

1998 10-Aug A A A A

1999 17-Jul A A

1999 29-Sep A A

2000 21-Aug A A

2001 23-Jul A A A A A
A: Available




Table5.1.3 Annua Maximum Basin Mean Rainfall

3-hourly rainfall

6-hourly rainfall

9-hourly rainfall

12-hourly rainfall

Seid| bete and Time | Rainfall Renking| DA€ Time Rainfal | DateandTime Rainfal .. | Dateand Time Rainfdl . -
(PST) (mm) (PST) | (mm) (PST) | (mm) (PST) | (mm)
1 | 1970/8/242:00 518 = 25 | 1970/8/138:00 69.3 21 | 1970/8/138:00 706 = 23 |1970/8/1311:00 719 24
2 |19718/2611:00 1156 = 5 |197U8/2611:00 1323 7 |1971/8/2614:00 1336 10 |1971/8/2617:00 1336 11
3 | 1972/9/165:00 462 | 30 |1972/9/168:00 483 31 |1972/9/1611:00 483 = 32 |1972/9/1614:00 483 & 32
4 | 1973/7/262:00 1041 @ 8 |1973/7/265:00 1059 13 | 1973/7/268:00 1059 15 [1973/7/2611:00 1059 15
5 | 1974/7/15800 1286 = 4 |1974/7/1511:00 1438 5 |1974/7/1514:00 1552 7 |1974/7/1514:00 1605 6
6 | 1975/7/198:00 584 | 21 |1975/7/420:00 59.7 = 24 | 1975/7/42300 67.3 24 | 1975/7/52:00 67.3 & 26
7 | 1976/9/214:00 1016 = 10 |1976/9/217:00 1140 10 | 1976/9/220:00 1180 13 |1976/9/22300 1180 14
8 | 1977/7/68:00 8.3 | 13 | 1977/7/6800 1336 6 | 1977/7/611:00 1573 6 |1977/7/614:00 157.3 7
9 |1978/6/305:00 584 | 21 |1978/6/308:00 686 22 |1978/6/3011:00 1131 14 |1978/6/3014:00 1296 = 12
10 |1979/9/1514:00 600 = 19 |1979/9/1517:00 620 @ 23 |1979/9/1520:00 638 27 |1979/9/1523:00 638 @ 28
11 |1980/3/2120:00 475 = 29 |1980/3/2123:00 592 = 25 | 1980/3/222:00 592 28 |1980/3/225:00 592 = 29
12 | 1981/7/145:00 1018 = 9 | 198U7/14800 1238 9 |198U/7/1411:00 1238 12 |198U/7/1414:00 1238 @ 13
13 | 1982/8/108:00 1561 2 | 1982/8/108:00 1792 = 2 |19828/1014:00 2653 2 |1982/8/1014:00 2884 2
14 |1983/8/2617:00 1050 = 7 |1983/8/2620:00 1558 4 |1983/8/2620:00 1715 3 |1983/8/2620:00 1735 4
15 | 1984/7/178:00 478 = 28 |1984/7/1714:00 575 27 |1984/6/2811:00 67.3 24 |1984/6/2814:00 749 & 21
16 | 1985/7/88:00 1108 6 | 1985/7/88:00 1282 8 | 1985/7/88:00 1368 8 | 1985/7/88:00 1405 9
17 |1986/7/1120:00 409 = 31 |1986/7/1123:00 49.4 30 | 1986/7/122:00 494 31 |1986/7/125:00 49.4 = 31
18 | 1987/8/245:00 316 = 32 |1987/8/2414:00 450 @ 32 |1987/8/2414:00 542 30 |1987/8/2414:00 858 @ 18
19 |1988/8/1411:00 644 = 17 |1988/8/1411:00 851 16 |1988/8/1414:00 851 18 |1988/8/1417:00 851 & 19
20 | 1989/7/302:00 719 = 15 | 1989/8/208:00 79.6 17 | 1989/7/305:00 8L4 = 19 | 1989/7/308:00 849 = 20
21 | 1000/8/98:00 777 14 | 1990/8/98:00 1131 11 | 1990/8/911:00 1358 9 | 1990/8/914:00 1367 10
22 | 1991/0/65:00 633 = 18 | 199U9/65:00 725 19 | 1991/9/68:00 740 20 |199V9/611:00 740 = 22
23 | 1992/9/923:00 662 = 16 | 1092/9/923:00 1040 14 | 1992/9/923:00 1288 11 |1992/9/923:00 1537 8
24 | 1993/8/105:00 558 = 23 | 1093/8/108:00 572 28 |1993/8/1011:00 57.2 = 29 |1993/8/1014:00 57.2 = 30
25 | 1904/7/317:00 1502 3 | 1004/7/317:00 1643 3 | 1994/7/317:00 1660 4 | 1994/7/320:00 1665 5
2 [1995/7/2411:00 818 = 12 |1995/7/2414:00 89.4 15 |1995/7/2417:00 89.7 = 16 |1995/7/2420:00 89.7 = 16
27 | 1996/7/295:00 508 = 27 | 1996/7/298:00 772 18 |1996/7/2911:00 87.2 = 17 |1996/7/2914:00 87.2 = 17
28 | 1997/8/278:00 87.8 = 11 | 1097/8/27800 1114 12 | 1997/8/278:00 1645 5 |1997/8/27800 1921 3
20 | 1098/8/35:00 592 = 20 | 1998/8/38:00 592 25 |1998/8/1011:00 70.8 = 22 |1998/2/2420:00 737 @ 23
30 |1999/7/178:00 543 = 24 | 1099717800 713 20 |1999/7/1711:00 713 = 21 |1999/7/1714:00 713 = 25
31 | 2000/8/218:00 510 26 |2000/8/2111:00 558 29 |2000/8/2114:00 64.6 = 26 |2000/8/2117:00 646 = 27
32 |200U/7/2314:00 2393 1 |200U7/2314:00 3494 1 | 200U7/2314:00 4008 @ 1 |200U7/2317:00 4443 1




Table5.1.4 Estimation of Annual Maximum Basin Mean Daily Rainfall

Daily Rainfall (mm)

vear Date Saidpur | Idamabad =~ RAMC | Chaklda | BasinMean
1044 T5ep 120.7 120.7
1945 18-Aug 104.1 104.1
1946 25-2ul 88.9 88.9
1947 22-Aug 315 315
1948 6-Aug 150.6 150.6
1949 20-Sep 66.6 66.6
1950 23-Aug 9.3 9.3
1951 17-Aug 3124 3124
1952 28-2ul 805 805
1953 23-Aug 205.7 205.7
1954 10-Sep 69.6 69.6
1955 14-Sep 86.4 86.4
1956 8-Aug 2235 2235
1957 13-Aug 711 711
1958 14-Sep 90.7 90.7
1959 4.l 1402 1402
1960 18-Aug 69.3 69.3
1961 2-Sep 648 64.8
1962 10-Aug 90.9 90.9
1963 17-Aug 87.1 87.1
1964 29-2ul 716 716
1965 L-Apr 848 848
1966 26-2ul 73.9 73.9
1967 6-Aug 101.9 1019
1968 12-2ul 87.4 87.4
1969 12-Aug 823 823
1970 13-2ul 69.1 69.1
1971 27-Aug 125.7 1257
1972 18-Oct 533 533
1973 26-2ul 105.9 105.9
1974 15-2ul 133.9 1339
1975 23-Aug 116.8 116.8
1976 3-Sep 120.0 120.0
1977 6-Jul 133.6 1336
1978 30-Jun 1131 1131
1979 21-Feb 78.7 78.7
1980 2-Mar 60.0 60.0
1981 14-2ul 1238 1238
1982 10-Aug 1813 1813
1983 26-Aug 1722 1735 1724
1984 28-Jun 818 1125 86.4
1985 8-aul 150.1 86.0 1405
1986 11-Feb 54.0 58.1 546
1987 8-May 86.7 49.9 81.2
1988 21-3ul 135.9 62.2 124.8
1989 31-2ul 135.7 655 116.8 124.7
1990 9-Aug 120.4 741 76.7 110.0
1991 20-Aug 88.2 424 46 73.9
1992 10-Sep 207.7 102.3 2234 2073
1993 8-aul 88.8 655 40.0 80.9
1994 4.l 1748 1774 115.0 169.2
1995 2-Aug 87.0 107.9 105.0 119.0 1025
1996 29-2ul 62.0 114.0 163.0 78.9
1997 27-Aug 180.0 199.8 207.0 200.0 1947
1998 15-Feb 975 815 80.0 645 843
1999 12-Aug 1412 80.9 53.0 450 91.7
2000 1-Aug 525 66.2 65.0 70.0 62.4
2001 24-3ul 2272 591.9 359.0 200.0 4114
7 StEions 0.30 047 012 011 700
Tiessen 3 Stations 0.77 013 0.10 1.00
Coefficient 2 Stations 0.85 0.15 1.00
1 Station 1.00 1.00

Daily Rainfall : Total rainfall between 0800 PSTof the previous day and 0800 PST of the day
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Table 5.2.1 (1/3) Land Use and Curve Number by Sub-basin (2001)

Areaby Land Use (km2)

Sub-basin
I Residential Area ; :
Subbasin| Agricultural Area Residential Area /Ordinarily Residential Area Forest Area Green and Grass Water Body Average
(CN=70) /Densely Populated Populated /Surburb (CN=70, 65) Area (CN=100) Total Curve
- (CN=90) (CN= 75) (CN=70) - (CN=65) - Number
SB1 0.0 0.0 7.9 0.3 7.9 51 0.0 21.2 71
SB2 0.0 0.0 2.9 0.0 0.0 0.6 0.0 35 73
SB3 0.0 0.0 3.2 0.0 8.7 4.6 0.0 16.6 70
SB4 0.7 0.0 16.1 0.0 0.5 5.7 0.0 231 72
SB5 0.7 0.0 0.1 0.0 6.0 31 0.0 9.9 68
SB6 7.9 0.0 0.0 0.4 6.4 51 0.0 19.7 69
SB7 8.2 0.0 8.0 3.8 2.3 17.2 0.0 39.5 69
SB8 16 0.0 4.1 0.0 0.0 4.7 0.4 10.8 71
SB9 121 15 2.9 0.0 0.0 4.4 0.0 20.9 71
SB10 0.0 4.4 0.1 0.0 0.0 0.4 0.3 52 88
SB11 14 34 23 0.0 0.0 4.1 0.0 11.2 75
SB12 0.4 11 53 16 0.0 24 0.0 10.8 73
SB13 0.0 5.9 0.2 0.0 0.0 0.4 0.3 6.8 88
SB14 0.0 135 0.1 0.0 0.0 9.0 0.2 22.8 80
SB15 0.5 14 0.0 0.0 31 74 0.4 12.8 69
Total 33.6 31.2 53.2 6.0 35.0 74.3 1.6 2348 72
Note: Under normal antecedent moisture condition (AMC 1)
Table 5.2.1(2/3) Land Use and Curve Number by Subbasin (2012)
e Areaby Land Use (km2) Sub-basin
: . esidenti rea : -
Subbasin| Agricultural Area Residential Area /Ordinarily Residential Area Forest Area Green and Grass Water Body Average
(c=70) /Densely Populated Populated /Surburb (C=70, 65) Area (C=100) Total Curve
- (C=90) (=75 (Cc=70) - (C=65) - Number
SB1 0.0 0.0 8.1 0.4 7.1 5.6 0.0 21.2 71
SB2 0.0 0.0 3.0 0.0 0.0 0.5 0.0 35 74
SB3 0.0 0.0 3.7 0.0 8.3 4.6 0.0 16.6 70
SB4 0.0 0.0 17.3 0.0 0.5 53 0.0 231 73
SB5 1.0 0.0 0.5 0.0 55 2.9 0.0 9.9 69
SB6 9.3 0.0 0.0 0.7 6.2 3.6 0.0 19.7 69
SB7 6.9 0.0 17.7 33 23 9.3 0.0 39.5 71
SB8 0.2 0.0 7.0 0.0 0.0 3.2 0.4 10.8 73
SB9 9.5 3.0 3.0 0.0 0.0 54 0.0 20.9 72
SB10 0.0 44 0.1 0.0 0.0 0.5 0.3 5.2 88
SB11 14 5.0 14 0.0 0.0 33 0.0 11.2 78
SB12 0.8 2.3 44 1.2 0.0 21 0.0 10.8 75
SB13 0.0 5.9 0.2 0.0 0.0 04 0.3 6.8 88
SB14 0.0 138 0.1 0.0 0.0 8.7 0.2 22.8 80
SB15 0.0 2.3 0.6 0.0 2.6 6.9 0.4 12.8 71
Total 29.1 36.6 67.1 5.6 325 62.4 16 234.8 73
Note: Under normal antecedent moisture condition (AMC I1)
Table 5.2.1 (3/3) Land Use and Curve Number by Subbasin (2030)
o Areaby Land Use (km2) Sub-basin
: . esident! rea : .
Subbasin| Agricultural Area Residential Area /Ordinarily Residential Area Forest Area Green and Grass Water Body Average
(c=70) /Densely Populated Populated /Surburb (C=70, 65) Area (C=100) Total Curve
- (C=90) (=175 (C=70) e (C=65) a Number
SB1 0.00 0.00 8.06 0.66 6.76 5.69 0.00 21.17 70.56
SB2 0.00 0.00 2.95 0.00 0.00 0.52 0.00 347 73.54
SB3 0.00 0.00 2.58 0.00 8.11 5.91 0.00 16.59 69.00
SB4 0.00 0.00 16.83 0.00 0.46 5.79 0.04 23.12 72.43
SB5 1.65 0.00 0.46 0.00 5.44 2.32 0.00 9.87 69.06
SB6 5.08 0.00 4.43 0.39 6.08 3.76 0.00 19.74 70.17
SB7 154 0.00 27.40 0.00 2.30 8.34 0.00 39.59 72.41
SB8 0.00 0.00 7.85 0.00 0.00 2.59 0.38 10.82 73.50
SB9 1.82 1.50 13.01 0.00 0.00 4.63 0.00 20.97 73.43
SB10 0.00 4.44 0.09 0.00 0.00 0.46 0.25 5.24 88.03
SB11 0.59 6.35 245 0.00 0.00 1.75 0.00 11.14 81.72
SB12 0.78 2.32 4.67 1.16 0.00 1.86 0.00 10.78 75.60
SB13 0.00 5.86 0.24 0.00 0.00 0.42 0.28 6.80 88.35
SB14 0.00 15.33 0.46 0.00 0.00 6.77 0.22 22.79 82.37
SB15 0.00 3.08 2.09 0.00 2.61 4.60 0.40 12.77 73.74
Total 11.46 38.89 93.56 2.20 31.76 55.42 1.58 234.87 73.65

Note: Under normal antecedent moisture condition (AMC 1)
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Table5.2.2 (1/2) Estimated Flood Inundation Depth and Area ( 2001 Flood)

(km2)
. Case1-1 Case 1-2

Inlg]:piirllon Reproduction of 2001 Flood after Completion of ADB
Isamabad Rawalpindi Total |lslamabadRawalpindi Total

0.3m-1m 0.22 157 179 0.26 157 184
Im-2m 0.35 2.20 254 0.30 154 184
2m-3m 0.17 1.46 1.63 0.15 111 1.26
3m-4m 0.14 1.09 1.23 0.13 0.81 0.94
greater than4m | 0.38 1.66 2.04 0.34 0.98 131
Total 125 7.98 9.23 118 6.01 7.18

Table 5.2.2 (2/2) Estimated Flood Inundation Depth and Area ( Design Rainfall)

) Case 2-1 Case 2-2 Case 2-3

'"‘g‘gpafr']"” 100yr Flood 50yr Flood 25yr Flood
Isamabad Rawalpindi Total |lslamabadRawalpindi Tota [lsamabadRawalpindi Tota
0.3m- 1m 0.32 1.67 1.98 0.12 0.92 1.04 0.13 0.68 0.81
1m-2m 0.23 152 174 0.16 117 133 0.16 0.69 0.85
2m-3m 0.17 1.20 137 0.16 0.77 0.93 0.08 0.45 0.53
3m-4m 0.15 0.92 1.07 0.12 0.56 0.68 0.06 0.31 0.38
greater than 4m 0.26 117 142 0.09 0.48 0.58 0.00 0.03 0.03
Total 112 6.46 7.59 0.65 3.90 454 0.43 217 2.59
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Table 6.2.2 Typical Structural Types of Flood Infiltration Facilities
Facilities Structural Concept
Vegetative Surface

Infiltration of stormwater through green
surface is the technique that comes closest
to natural infiltration of rainwater. Direct
discharge of roof runoff to grass lawns by
using an gjector connected to the
downspout and splash pad with a slope
away from the building is one of the
solutionsin residential areas.

Downspout

G rass

Infiltration Trench & Perforated Catch
Basin

Subsurface infiltration structures,
soakaways, are the most common types of
infiltration systems. They are basically
holes in the ground filled with rubble or
stones. The stormwater is stored
temporarily in the cavities between the
stones while it slowly percolates into the
surrounding soil.
They are typically long and narrow to
minimize the surface area at the bottom that
is supposed to clog with fines after some
time, and to maximize the ratio between the
effectiveinfiltration area (the sides) and the
volume.

Gravel Filling,

Cover
Downspout

JE /

i

Overflow Pipe

— 9

Eilter

Coarse Sand

J oo

: Gravel Filling

T

Permeable Pavement
Road drainage through permeable asphalt
and use of the sub-base for water storage
has shown to be rather efficient in
connection with roads for light traffic.

Permeable Asphalt
Sub-base Gravel
(Storage)

> Undisturbed Sub-soil

Retention Pond
During heavy rain stormwater can be stored
in the basin, and slowly infiltrate through
the soil layer and also slowly evaporate
through water surface. Thistype of
facilities frequently suffers severe clogging,
so that proper and periodical maintenance
iscrucial.

Evaporation

b

Infiltration Facility

Sedimentation

| L. ‘

Infiltration
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Table6.4.1 Equipment of FFWS

Items

Supporting Equipment Included

Quantity
(unit)

=

PMD Master Control Station

(1) Telemetry Supervisory Equipment

(2) Radio Equipment for 5.2 GHz WirelessLAN

(3) Radio Equipment for 400MHz

(4) Antenna System

(5) Printer

(6) PC type Operation Console

(7) Processing System (FFWS Server)

(8) Display System

Visua Display Unit, Plasma Display Unit,
Web Server, Client PC, Laser Printer

R RR R R RN

(9) Uninterruptible Power Supply & Power Regulator

Uninterruptible Power Supply (UPS), Automatic Voltage Regulator (AVR),
Insulated Transformer (IT)

[

(10) Air Conditioner

N

./Monitoring Station (FFC, WASA, Jinnah Park)

(1) Radio Equipment for 5.2 GHz WirelessLAN

(2) Antenna System

(3) Display System

Visua Display Unit, Plasma Display Unit, Client PC, Laser Printer

(4) Uninterruptible Power Supply & Power Regulator

Uninterruptible Power Supply (UPS), Automatic Voltage Regulator (AVR),
Insulated Transformer (1T)

(5) Emergency Power Supply (Engine Generator)

(6) Air Conditioner

OW W wWwww

.|Rawalpindi Warning Control Station

(1) Warning Supervisory/Control System

Warning Supervisory/Control System, Operation Console, Serial Printer

(2) Radio Equipment for 5.2 GHz WirelessLAN

(3) Radio Equipment for 400MHz

(4) Antenna System

(5) Printer

(6) PC type Operation Console

(7) Display System

Visua Display Unit, PlasmaDisplay Unit, Client PC

(8) Uninterruptible Power Supply & Power Regulator

Uninterruptible Power Supply (UPS), Automatic Voltage Regulator (AVR),
Insulated Transformer (1T)

R RR R R R RR

(9) Emergency Power Supply (Engine Generator)

[

(10) Air Conditioner

N

.|Rainfall Gauging Station

(1) Remote Terminal Unit (RTU)

(2) Radio Equipment for 400MHz

(3) Antenna System

(4) Sensor Rainfall Gauge with Data Memory Pack

(5) Uninterruptible Power Supply & Power Regulator

Photovoltaic Panel, Charge Controller, Storage Battery

ajojoaa

. Water Level Gauging Station

(1) Remote Terminal Unit (RTU)

(2) Radio Equipment for 400MHz

(3) Antenna System

(4) Sensor Water Level Gauge with Data Memory Pack

(5) Uninterruptible Power Supply & Power Regulator

Photovoltaic Panel, Charge Controller, Storage Battery

ajojoaa

. Warning Post

(1) Warning Equipment

(2) Siren Equipment

Siren Control Board, Motor Siren

(3) Audio Amplifier

(4) Laud Speaker and Sound Collector

Loud Speaker, Speaker Junction Box

(5) Radio Equipment for 400MHz

(6) Antenna System

(7) Uninterruptible Power Supply & Power Regulator

DC Power Supply, Insulated Transformer (IT)

.|Repeater Station (Telemetry System)

(1) Repeater Equipment

(2) Radio Equipment for 400MHz

(3) Antenna System

(4) Power Supply

.|Repeater Station (WirelessLAN)

(1) Radio Equipment for 5.2 GHz WirelessLAN

(2) Antenna System

(3) Uninterruptible Power Supply & Power Regulator
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Fig. 2.1.1
Elevation Map of Lai Nullah Basin
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Fig. 2.1.2
Elevation Map of Flood Mapping Area
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AND ENVIRONMENTAL IMPROVEMENT PLAN

OF LAl NULLAH BASIN
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Longitudinal Profile of Lai Nullah before

On-going River Improvement
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Fig. 25.1
Results of Flood Inundation Interview

Survey
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Fig. 3.1.3

Land Use of the Study Areain 2001
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Fig. 3.1.4

Land Use of the Study Areain 2012
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Fig.3.15

Land Use of the Study Areain 2030
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Detailed Sewerage System (see Fig 5,1,6)
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Fig. 5.1.6 (1/2)
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Fig. 6.2.6
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Fig. 6.2.9

Comparison between High Water Level of Lai
Nullah and Bank Level of Tributaries

F-55




pu—

W ) e

Diversioﬁ Channel

Community Pond
at Fatima Jinn

ah Park

2 W NN S

@y @ e LATNULLAH BASIN BOUNDARY
— e v ADMINISTRATIVE BOUNDARY

SCALE

LY
%
\‘\,’

o

THE STUDY ON COMPREHENSIVE FLOOD MITIGATION
AND ENVIRONMENTAL IMPROVEMENT PLAN
OF LAINULLAH BASIN
IN THE ISLAMIC REPUBLIC OF PAKISTAN

JAPAN INTERNATIONAL COOPERATION AGENCY

Fig. 6.2.10
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Conceptual Effect of On-site Flood
Detention Pond
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