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-1  

 1994 1995 1996 1997 1998 

 2,220 1,703 2,192 2,307 1,973 2,078

 1,690 1,615 1,324 1,414 1,412 1.493

 1,000 1,158 989 1,336 967 1,090

  360  319   447   629  411   433

  191  172   346   807  332   370

 1,191  976 1,642 1,388 1,037 1,247

  542  826 1,189 1,233  403   839

  303  265   211   264  136   236

D.G.   122   87   157   350    -   179

  246  203    97   304  159 202

-2 (1961 1990) 
( ) (mm) (%) 

1 19.4     4.1     11.5 66.0 

2 21.9     7.1     20.1 61.2 

3 26.7    12.3     25.7 58.2 

4 33.5    18.0     16.9 46.5 

5 38.4    22.7     16.1 37.5 

6 40.5    26.9       27.9 41.7 

7 37.1    27.0    115.0 61.5 

8 36.1    26.6     89.8 65.9 

9 35.7    23.7     28.6 59.9 

10 33.0    17.0      3.8 54.7 

11 27.2    10.1      3.0 62.7 

12 21.4     5.1      8.6 66.5 

 30.9    16.7    372.3 56.8 



A-61

1 2

(2)  2002 12 15  2003 1 5

(3)

1)

2)
3) 33

(
67km )  ( 117km)
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-1

( 69km)  ( 117km) 

1970 2)

1971 2)

1972 2)

1973 2)

1974 2)

1975 2)

1976 2)

1977 2)

1978 2)

1979 2)

1980 2)

1981 2)

1982 2)

1983 2)

1984 2)

1985 2)

1986 2)

1987 2)

1988 2)

1989 2)

1990 2)

1991 2)

1992 2)

1993 2)

1994 3) 2)

1995 3) 2)

1996 2)

1997 3) 2)

1998 3)
2)

1999 3) 2)

2000 3) 2)

2001 3) 2)

2002
(Jan-Sep) 

2)

(1)
(2) 1992 1997 1999 2000

(3) 1994 2001 1992 1997 1999 2000
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2)

-2 -1
1973, 1976, 1988 1992, 1996 1997 1987 1998

30 1973
7 8 9 3

1 (24 )

-2 30

(cusec) (ft) (cusec) (ft) (cusec) (ft)
1970 123,221 518.45 03-Sep-1970 151,593 592.08 02-Sep-1970 237,572 693.82 01-Sep-1970
1971 201,878 518.80 12-Aug-1971 165,731 592.38 04-Aug-1971 305,968 694.80 03-Aug-1971
1972 87,082 517.25 14-Jul-1972 117,783 591.30 08-Aug-1972 178,203 693.70 10-Jul-1972
1973 523.00 12-Aug-1973 1,203,343 597.75 11-Aug-1973 847,249 699.45 10-Aug-1973
1974 517.30 07-Aug-1974 142,517 591.88 18-Jul-1974 198,228 693.70 25-Jul-1974
1975 148,200 517.80 13-Sep-1975 126,046 591.50 12-Sep-1975 198,210 691.20 12-Sep-1975
1976 651,000 521.50 09-Aug-1976 504,961 595.20 08-Aug-1976 577,015 696.00 07-Aug-1976
1977 225,900 518.00 07-Aug-1977 207,591 593.20 17-Jul-1977 452,532 695.60 17-Jul-1977
1978 139,575 518.90 12-Aug-1978 141,180 591.85 23-Jul-1978 293,418 695.50 10-Aug-1978
1979 142,326 518.00 06-Aug-1979 89,291 590.55 19-Jul-1979 240,785 694.10 03-Aug-1979
1980 167,117 518.00 17-Jul-1980 117,783 591.30 17-Jul-1980 97,697 694.10 10-Aug-1980
1981 275,000 520.00 29-Jul-1981 154,835 592.15 31-Jul-1981 505,638 696.90 26-Jul-1981
1982 182,000 518.30 04-Aug-1982 128,156 591.55 03-Aug-1982 225,517 694.50 02-Aug-1982
1983 182,420 518.30 05-Sep-1983 147,929 592.00 04-Sep-1983 283,229 695.95 03-Sep-1983
1984 156,800 517.80 30-Aug-1984 86,698 590.45 15-Aug-1984 90,023 694.30 15-Aug-1984
1985 226,000 519.00 10-Aug-1985 152,516 592.10 09-Aug-1985 213,460 696.40 19-Jul-1985
1986 177,000 518.20 07-Aug-1986 161,899 592.30 06-Aug-1986 244,022 695.40 06-Aug-1986
1987 115,000 516.70 29-Jul-1987 78,254 590.00 28-Jul-1987 96,996 693.10 09-May-1987
1988 550,000 521.20 29-Sep-1988 630,340 595.75 28-Sep-1988 529,664 698.70 27-Sep-1988
1989 245,000 519.30 03-Aug-1989 218,515 593.40 01-Aug-1989 295,085 697.10 01-Aug-1989
1990 250,000 519.40 24-Mar-1990 141,180 591.85 15-Jul-1990 339,191 696.00 23-Mar-1990
1991 226,000 518.80 16-Apr-1991 147,929 592.00 15-Jul-1991 249,663 694.50 15-Apr-1991
1992 475,000 520.50 13-Sep-1992 529,400 595.70 12-Sep-1992 948,530 700.30 11-Sep-1992
1993 282,000 519.80 14-Jul-1993 282,500 594.00 13-Jul-1993 434,754 697.30 12-Jul-1993
1994 274,900 519.80 23-Jul-1994 166,696 592.40 06-Aug-1994 425,567 697.00 21-Jul-1994
1995 620,000 521.60 01-Aug-1995 667,000 596.00 30-Jul-1995 640,577 698.40 29-Jul-1995
1996 785,000 522.60 27-Aug-1996 700,000 596.20 26-Aug-1996 728,432 699.90 25-Aug-1996
1997 587,000 521.80 31-Aug-1997 546,600 595.30 30-Aug-1997 600,246 699.70 29-Aug-1997
1998 126,000 517.00 07-Jul-1998 76,255 589.89 07-Jul-1998 68,983 698.80 01-Aug-1998
1999 97,000 516.30 10-Aug-1999 90,200 590.60 09-Aug-1999 111,102 691.50 08-Aug-1999
2000 186,420 518.50 25-Jul-2000 147,200 592.20 25-Jul-2000 190,640 693.50 24-Jul-2000
2001 115,000 516.70 26-Jul-2001 80,000 590.00 25-Jul-2001
2002  147,200 592.20 16-Aug-2002
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3)

-2
180m (=590ft 591ft)

2,266m3/sec (80.000cusec) 2,550m3/sec(90,000cusec) 3
9 178 180m(583 591ft) 177

178m 7 9
180m 5,660m3/

-3
-3

-3

 181.5m  180m
 14,160m3/sec  2,550 m3/sec

 190 370 m3 150 200 m3

1,400m3/  35 100  25 70
2,800m3/  10  40  0
5,600m3/  1  10  0
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-2  ( )
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-3

1973 ---  = 372  m3

1995 ---  = 300  m3

1988 ---  = 279  m3

1996 ---  = 263  m3

1976 ---  = 230  m3

1997 ---  = 190  m3

1998 ---  = 194  m3
1987 ---  = 159  m3

200,000 

150,000 
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-4 33
-4

-
(m3/sec) 

1973 34,000 50
1996 20,000 15 20
1995 18,900 10 15
1988 17,850 10 15
1997 15,480 5 10
1992 15,000 5 10
1976 14,300 5 10

4)

-5 1 2
 ( )

1973

2m 4m

50
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Logarithmic-normal Probability Paper 

Annual Maximum Discharge (1,000cusec) 

1973

1996
1995
1988
1997

1992
1976

99.9%

99%

95%

90%

80%

70%
60%
50%
40%

30%
20%
15%
10%

5%

1%

0.1%

-4 33
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1)
3km

-1

-1
No.
1  2003 8 15 8 21
2.  24
3.  200m 
4 4
5. 1 : 11

2 : 1 1km 9
3 : 2 1km 4

-1

(2)
200m Q1 Q2, Q3 3

Q1 Q2 Q3

Q1 20 40m 3 4
20 -m 10 -m

Q2 Q1no 76m 140m 3 4

Q3 Q2 Q2

24 12km x 3km
3

-2 ( 24
)
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-2

(3)

( )
No. 6 ( 150m)

Q2 Q3 -3
( )

160m 12km
2 3

Q1 Q Q3
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1)
-1

-1
No. 
1  1 150m 24"

: 20" 10"
:

 (48 )

2  2 120m
: PVC 

 (
)

2)
WASA

Bennie & Partner
( 40m) 3 REC ( 60m) 2

REC
8 15 Binnei WASA 20

40m
1cusec(=100m3/ )

REC 1979
( ) WASA 2 RD245

2 WASA
2 1 3

5 3-2

3)
150m 120m

40m 2

3 130m
150 150m 130m

4)
(
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)

(a)
(b)

  1.50 cusec (225 m3/ )
  2.25 cusec (225 m3/ )
  3.09 cusec (300 m3/ )
  3.75 cusec (375 m3/ )

a. 3.0cusec (300m3/ ) 48 48
2.5m 360 (5.3m)

2.5m 48
20m

b. T ( ) S ( )
T

S

3cusec(300m3/ ) 48
6

T S

48
23mS/m TDS 480 mg/ 500

TDS
WASA

WHO 1000 mg/
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1.

   

(a) ( )
(b)  ( B = )

 ( C = )  (
)

(c) E

B
B
C/B
E

E

1-1

(1)

-1
-1

y = 9E-06x + 0.0059

0.000

0.002

0.004

0.006

0.008

0.010

0 100 200 300 400

s/
Q

s/Q

3.7cusec

( )

y = 8E-06x2 + 0.0061x

0.00

1.00

2.00

3.00

4.00
0 100 200 300 400

(m
)
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(2) (B) (C)

 B C

  s =  BQ + CQ2

        s =  ( )
        Q=    ( )
 B=  (BQ= )
        C= (CQ2= )

-1
                           -1

 1
B hr/m2 0.0059 
C hr2/m5 9.00E-06 

C/B 1/ 3 1.53E-03

B C

600 m3

200m3/hr 1.18m 0.36m
1.5m

2. E
C B

E = 1 / 1 + (C/B) Q -2

     -2
E

E =1/ 1 + (C/B) Q
0

150 0.84 

225 0.77 

300 0.72 

375 0.67 
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ABD

(1)
-3  

ADB18 ADB23 NSC

120 128 18 95

60 48.7 18 50
% 6 15( ) 18 12

Mm 1 ( ) 18 1.5

(2)
   -4 -5 ADB 18 NSC

-4
 ADB18 ADB23 NSC

B hr/m2 0.0059 0.0114 0.0116 0.0095 
C hr2/m5 9.00E-06 2.00E-06 1.00E-06 4.00E-06 

C/B 1/ 3 1.53E-03 1.75E-04 8.62E-05 4.21E-04 

-5
 ADB18  ADB23 NSC

 ADB11 ADB11 NSC
m3/hr E m3/hr E m3/hr E m3/hr E

0  0  0  255 0.88 
150 0.84 300 0.95 300 0.95 306 0.86 
225 0.77 400 0.93 400 0.93 356 0.84 
300 0.72 500 0.92 500 0.92 397 0.82 
375 0.67 600 0.90  600 0.91 459 0.8 

ADB18/23 2 1, NSC 3 2

ADB18/23 4 , NSC 2 1

ADB
6% ADB 20%
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NSC 12%
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(1)

7-5
1 ( 120m) 2 (120m)

WASA 3 ( 18.5m)
-1

-1

300m3/min 48 (2,880
) 720

1.  360
2. No. 1  720 0.0254m 
3. No. 2  720
4. No. 3  720
5. No. 4  720
6. No. 5  720 0.0254m 

(2)

5 -1
-1

-0.5

0

0.5

1

1.5

2

2.5

3
0 500 1000 1500 2000 2500 3000 3500 4000

(

(m
)
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100 48

 5.334m 
 7.8486m 

2.50m ( 100 2880

)
No. 1 No. 2

a.
100

 b. No. 2 No. 3

REC
REC

(3)

(2)
(T) (S)

T= 15 (1:1)
( K

m2/

T =  

Q = (m3/ )
         s= (m)

(1)
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S= ( )

      S =     

       
T = (1)  (m2/day) 

        
1)

( )
(a) (b) 2

-2 (
100 )

-2  

y = -0.073Ln(x) + 0.4102

0.00

0.10

0.20
10 100 1,000

(m)

(m
)

30

60

100

100

y = -0.073Ln(x) + 0.4102
s=0.168 m 

T (1)

(2)
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t = 100 min day 
r0 0m

-3

-3 ( 100 )

y = -0.4029Ln(x) + 1.8843
0.00

0.50

1.00

1.50

2.00

2.50

3.00
0 1 10 100 1,000

(m)

(m
)

30

60

100

100

y = -0.4029Ln(x) + 1.8843
s =  2.30 x 0.4029 = 0.928 m 

T

t = 100 min day 
r0 0m
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2) No.2 No.3

No.2 
No. 2 -4 (s-s')

(s) (s')

-4 No.2

(s-s')=0.0504Ln(t) - 0.0189
(s-s')=0.1008m

x                         t0=1.038212min=7.2E-04 
  r = 50m 

   Q=300m3/hr=7,200m3/day

    T S
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No. 3 
No. 3 -5

-5 No. 3

(s-s')=0.0267Ln(t) - 0.0281

(s-s')=0.0534m
x                         t0=2.865min=2.0E-03 

  r = 89m 
     Q=300m3/hr=7,200m3/day    

T S

(4)

REC ADB
-2
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-2
(T),m2/day (S)

(1) 15,686 3.22E-02 
(2) 2,840 3.88E-02 

 ( No. 2) 13.071 8.47E-03 
 ( No. 3) 24,674 1.40E-02 

5,312 2.50E-02 REC RTW1 
RTW2 7,080 1.27E-01 

11,094  
ADB18 (1)

9,861

(1) ADB
23 T 12,000 m2/day

-2

10 1 2 3
No.2

40m
No. 2



A-100

7-6

(1)

   S= 
    T= (m2/day)

  t=  (day) 
r0= (m) 

 (2) 

(3) 7-6 T S
1 200m3/hr (=7,200m3/day) 20 (=0.84

) T S -1 (
100 100 )

-1 ( 200m3/hr 20hrs/day)
 (m) T

(m2/day)
S

100  20
(1) 15,686 3.22E-02 277 954
(2)  2,840 3.88E-02 65 369

 ( No. 2) 13.071 8.47E-03 299 1,697
 ( No. 3) 24,674 1.40E-02 320 1,813

 5,312 2.50E-02 111 630REC-RTW1 
RTW2  7,080 1.27E-01 56 323

-1

600m 300m

(3)
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-1 20 323m 1,813m 300m

-1 T S 100
100

100 100
100

1

30 -2

-2
T

(m2/day)
S

30 (m)
(1) 15,686 3.22E-02 5,736
(2)  2,840 3.88E-02 2,437

 ( No. 2) 11.520 7.47E-03 4,914
 ( No. 3) 21,466 1.22E-02 6,708

 5,312 2.50E-02 3,337REC-RTW1 
RTW2  7,080 1.27E-01 3,852

-2 4.5km

(3)

7-6 -3

    s = 0.4029 x Ln(r) +1.8843  (4) 

 s = (m)
     r = (m) 
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300m3/hr(7,200m3/day) 200m3/hr

1 20 1 4,000m3/day
(4,000/7,200=0.556) (4) (= 0.4029)

        s = (0.4029 x 0.556) x Ln(r) +1.8843 = 0.224Ln(r) + 1.8843 (4)' 

s = A x Ln (r) + C   (5) 

0m s0 r0 1m s1

r1 (5)
       s0 = A x Ln (r0) + C 
       s1 = A x Ln (r1) + C 

s1  s1 = A x Ln (r1)  A x Ln (r0) = A x Ln (r1/r0)

r1 = r0 x EXP (s1 s0/A)       (6) 

s = 1m
-3

-3  1 1
    ( 200m3/day/ 20 /day )

 (m) 
T S

T
(m2/day)

S
0m  0.25m  0.5m   1.0m 

(1)
15,686 3.22E-02 5,736 1.879 615 66

(2)
 2,840 3.88E-02 2,437 727 238 26

 ( No. 2) 11.520 7.47E-03 4,914 3,343 1.095 118
 ( No. 3) 21,466 1.22E-02 6,708 3.573 1,170 126

(RTW1 )  5,312 2.50E-02 3,337 1,240 406 44
REC

(RTW2 )  7,080 1.27E-01 3,852 635 208 22

(T S) (6) (T)
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2 2 T S
2 T S REC T S

30 0.25m
730m

1,900m 600m
2

5 1km 1m

(4)

a.

b. 1
500m 1,000m 1 0.25m 0.5m

c.

5 1km 1m

ADB
7-8
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1.ADB

ADB I 5km 10km
25 1992 1 400m3/hr 1 200,000 160,000m3/day

WASA WASA
2001 4 29

1 28
2 600m

400m 1992

10
5km

2.ADB

2-1

ADB 1992 2002
( -1) Jacob-Copper

2-2 ADB
(1) ADB 18

19ft 9inch(6.0236m) 
 35ft 9inch 4.88m

4.88m 6.02m 10.90m

(2)
2m 5m
19 22 8m

4m 10 6m

96 1 98 12
2000 1 12
2001 1
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2-3

Jacob—Cooper

10 ( 7-6 -3 )
6.02m 18

-2

-1

-1

T
T 14 -19 T

     

TW25 2.232 
TW24 2.3176 
TW11 2.3965 
TW01 2.4027 
TW10 2.5242 
TW02 2.5314 
TW23 2.5779 
TW09 2.627 
TW03 2.7029 
TW04 2.7294 
TW05 2.72941 
TW07 2.7636 
TW21 2.7706 
TW13 2.7889 
TW08 2.7916 
TW06 2.8195 
TW20 2.8219 
TW12 2..9394 
TW17 2.9537 
TW16 2.9825 
TW15 3.04271 
TW18 3.0478 
TW14 3.0678 
TW22 3.47 
TW19 3.9916 
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2-4 ADB

-1 10 10m 19m
30 16.5m-23.5m 50 18m-25.5m

40 3.5-6.5m

-3                              
 2002 2012 2022 2032 2042

2.80 13.41 19.43 15.35 1.94 16.49 3.08 17.29 3.88 17.92 4.51
3.99 19.11 25.13 21.88 2.77 23.49 4.39 24.64 5.53 25.53 6.42
2.23 10.69 16.71 12.23 1.55 13.14 2.45 13.78 3.09 14.28 3.59

3.

3-1

25 400m 1

s

ADB025
s =2.23m one scale 

2
s = 2 × s = 4.46 m one scale 

 = a × log e ( ) + b 

01
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a 2.23 25 01
400m b

= + a × log e ( )

b

-4
0 10 20 30 40 50

025
2.23 2.23 2.23 2.23 2.23 2.23 s

025

As

4.46 4.46 4.46 4.46 4.46 446 a 

26.72 37.41 38.95 39.86 40.50 41.00 b 
y=0
x 400 4,391 6,212 7,610 8,788 9,826 e^(b/a)

10 0 m y 0 ,

-5 ADB
1

(m) 0 10 20 30 40 50

1         
10       

100       
400 0 10.69 12.23 13.14 13.78 14.28  25

1,000         
4,391  0       
6,212   0      
7,610    0     
8,788     0    
9,826      0   

1992 10 4.4km

01
1.6km 029

ADB



A-110

ADB 2-3m
10 2m

-2  ADB

y = -4.46Ln(x) + 410
5

10
15
20

25
30
35

40
45

1 10 100 1,000 10,000 100,000

0

10

20

30

40

50

Log. ( 50 )

(4)

ADB

10 4km 5km
1m 10 2 3m
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A-116

( )

1991 11,583 1,583 1,607 1,583 1,583 1,598
1992  1,656 73 1,666 59 3.5% 1,636 53 3.2% 1,661 1,661
1993  1,729 73 1,725 59 3.4% 1,691 55 3.2% 1,727 1,724
1994  1,802 73 1,783 59 3.3% 1,747 57 3.2% 1,790 1,787
1995 11,875 1,875 73 1,842 59 3.2% 1,806 58 3.2% 1,851 1,848
1996  1,916 41 1,901 59 3.1% 1,866 61 3.2% 1,910 1,908
1997  1,956 41 1,960 59 3.0% 1,929 62 3.2% 1,968 1,966
1998 11,997 1,997 41 2,019 59 2.9% 1,993 65 3.2% 2,024 2,024
1999  2,065 68 2,077 59 2.8% 2,060 67 3.2% 2,080 2,079
2000  2,132 68 2,136 59 2.8% 2,129 69 3.2% 2,136 2,133
2001 22,200 2,200 68 2,195 59 2.7% 2,200 71 3.2% 2,190 2,184
2002 2,254 59 2.6% 2,274 74 3.2% 2,244 2,234
2003 2,313 59 2.5% 2,350 76 3.2% 2,298 2,282
2004 2,371 59 2.5% 2,428 79 3.2% 2,351 2,327
2005 2,430 59 2.4% 2,510 81 3.2% 2,403 2,371
2006 2,489 59 2.4% 2,594 84 3.2% 2,456 2,412
2007 2,548 59 2.3% 2,680 87 3.2% 2,508 2,452
2008 2,607 59 2.3% 2,770 90 3.2% 2,559 2,489
2009 2,666 59 2.2% 2,863 93 3.2% 2,610 2,524
2010 2,724 59 2.2% 2,958 96 3.2% 2,661 2,557
2015 3,018 59 1.9% 3,488 113 3.2% 2,912 2,696

 0.993 0.998 0.997
y=a×x+b a=58.80606, b=1,548.16364
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(1) 1 2002 12 2003 1
WASA

2001 12 2002 6 1

1)2001 12
Remarks

2001
12 (hour) (m3/day) (hour) (hour) (m3/day)

1 21 468 22.3 183,784 10 14 173,100 
2 21 464 22.1 180,385 9 15 175,300   
3 21 460 21.9 176,529 10 14 168,200   
4 21 461 22.0 172,873 10 14 171,700 
5 22 448 20.4 173,626 10 14 169,800 
6 21 418 19.9 161,818 8 16 159,800 
7 21 454 21.6 174,096 11 13 175,500 
8 21 456 21.7 179,061 11 13 178,500 Max. 
9 20 441 22.1 170,481 10 14 176,700 

10 20 438 21.9 166,189 10 14 171,400 
11 22 426 19.4 159,757 10 14 168,000 
12 22 412 18.7 159,780 10 14 150,600 
13 21 406 19.3 155,912 9 15 155,800 
14 23 408 17.7 160,605 8 16 153,000 
15 20 396 19.8 154,355 8 16 154,400 
16 21 402 19.1 154,496 8 16 154,500 
17 21 408 19.4 149,762 7 17 157,600 
18 20 393 19.7 150,223 8 16 150,300 
19 20 398 19.9 153,549 8 16 156,200 
20 23 392 17.0 149,319 9 15 154,200 
21 23 420 18.3 157,987 9 15 153,400 
22 23 491 21.3 149,130 8 16 152,800 
23 22 396 18.0 154,490 9 15 149,000 
24 21 364 17.3 141,117 8 16 147,500 
25 22 387 17.6 153,933 7 17 145,700 
26 21 392 18.7 151,892 10 14 154,100 
27 22 402 18.3 157,021 9 15 150,400 
28 23 410 17.8 161,611 9 15 106,200 
29 23 313 13.6 119,998 5 19 116,700 
30 21 388 18.5 149,334 7 17 138,200 
31 21 370 17.6 144,210 5 19 145,200 

Total 664 602.9 4,927,323 270 474 4,833,800 
Daily 
Ave. 21.4 

(In
28wells) 19.4 158,946 8.7 15.3 155,929 98.10%
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2) 2002 6
 Wells  T/R Remarks

2002
6 (hour) (m3/day) (hour) (hour) (m3/day)

1 23 445 19.3 168,701 8 16 168,200 
2 23 450 19.6 169,738 8 16 160,700 
3 23 448 19.5 171,875 8 16 168,700 * 
4 22 438 19.9 169,492 8 16 156,000 
5 26 457 17.6 173,296 8 16 162,100 
6 25 398 15.9 135,272 9 15 151,600 
7 23 449 19.5 173,965 8 16 161,200 
8 24 433 18.0 173,089 8 16 165,300 
9 24 443 18.5 169,198 8 16 168,900 

10 22 437 19.9 167,289 8 16 165,100 
11 25 337 13.5 130,189 6 18 126,900 
12 24 450 18.8 169,683 8 16 163,400 
13 24 406 16.9 154,120 8 16 150,200 
14 23 437 19.0 164,114 8 16 156,000 
15 24 447 18.6 168,720 8 16 162,400 
16 22 425 19.3 160,338 8 16 161,800 
17 23 441 19.2 165,646 8 16 159,300 
18 22 443 20.1 168,546 8 16 165,000 
19 23 425 18.5 159,651 8 16 160,000 
20 24 421 17.5 156,863 8 16 164,700 
21 24 395 16.5 145,995 6 18 137,800 
22 26 421 16.2 162,260 6 18 165,200 
23 26 437 16.8 170,990 8 16 163,300 
24 24 449 18.7 164,981 8 16 165,500 
25 23 427 18.6 157,057 8 16 159,200 
26         8 16 163,300 
27 24 425 17.7 164,829 8 16 160,800 
28 23 446 19.4 170,215 8 16 160,200 
29 24 416 17.3 158,252 8 16 162,000 
30 24 444 18.5 160,187 8 16 157,300 

              
Total 687  528.8 4,724,551 235 485 4,792,100 

Daily 
Ave. 23.7

(In
28wells) 18.2 162,916 7.8 16.2 159,737 98.05%
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(2) (2003 8 )

1. : 2.

6  7  8 8

1  1 151,200 1 162,500 1
2  2 149,900 2 165,000 2
3  3 150,800 3 163,500 3
4  4 153,500 4 163,500 4
5  5 160,500 5 163,500 5
6  6 150,000 6 161,500 6
7  7 148,000 7 161,000 7
8  8 149,000 8 *(159,000) 7 8 8
9  9 151,000 9 *(169,000) 8 9 9

10  10 140,000 10 10
11  11 149,500 11 163,500 11 171,450 
12  12 156,000 12 164,500 12 168,660 
13  13 153,500 13 164,500 

OHR

13 168,247 
14  14 152,000 14 160,000 14 174,943 
15  15 151,500 15 165,500  15 163,798 
16  16 151,300 16 164,500 16 173,378 
17  17 148,800 17 160,000 17 164,000 
18  18 146,400 18 169,000 18 164,038 
19  19 150,000 19 19
20  20 147,500 20 20
21 144,500 21 159,500 21 21 159,050 
22 144,300 22 158,000 22 22 169,409 
23 119,900 23 162,000 23 23 174,049 
24 105,100 24 164,000 24 24
25 141,500 25 154,500 25 25
26 146,000 26 153,500 26 26
27 146,000 27 163,000 27 27
28 153,000 28 163,000 28 28
29 140,500 29 162,800 29 29
30 152,600 30 159,500 30 30
31 - 31 159,200 31 31

1 1
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(1)

(T/R) GL185m
GL185m 183m GL185m 181m T/R

HWL GL 188 HWL 3m GL185m

(2) T/R

WASA
1 4 6

T/R
(

) WASA 2002 12
-1

-1 T/R WASA 2002 12

2002 12 m3/hr
1

(m3/day)
 6 00 30 1.5-2
 12 00 13 00 1.5-2
 17 00 18 30 1-2

14,000 17,000

4-6  100,000 

 16-20  4,000 80,000

7,500 m3/hr 180,000 
45m

 2,250m /hr 7 2,070 m3/hr 3 1
 6  14,000m3/hr



A-121

24
( )

 (T/R 50%
)

(3)

80 20 25km
T/R T/R

1992
ADB I 1,600mm 500mm

50km T/R

3-3

2.5kg/cm2 0.5 /cm2 (T/R
4.5kg/cm2 3kg/cm2 )

2.5kg/cm2-1kg/cm2

1 kg/cm2

0.5 kg/cm2 0 -2
3-3

-2 2002 12

T/R
1200mm

NO 101 3 36 31 45 57 70 
(m) 3.2 2.5 1.2 1.5 0.5 0.5 0.5

(m) 0.1 0.5 0 0 0 0 0.1

1 4 6

0.5kg/cm2 )
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T/R
800mm 600mm 2

(2003 8 )
2003 WASA -3

-3  

 65% 35% 100% 

 35.7% 19.3% 55% 

 825,000 448,000 1,273,000 

T/R 163,000 m3/day (
) 31,000 m3/day

100% 64%
a

1,000km 75mm
1,600mm 500mm

5% 600mm 88 (ACP)
7% PVC 400mm

WASA 1998
4 40km

-4

-4

80mm km

1,600mm 500mm DIP 50 5% 
600mm  ACP 833 87% 
400mm  PVC 77 8

960km 100

98 40km 1,000km
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43 ( 35 ) -5

-5 1,600mm 500mm
( ) (mm)

   ( )
1. 28,000 57 890 89% 
2. 21,000 43 580 11

49,000 100 100%

3
b. -6

-6

T/R 1200mm

NO 101 102 31 34 46 49 70 

1.9 (m) 30 28 17 16 8 8 4

1.9 (m) 40 33 9 8 -8 -15 -19

1.5 (m) 40 37 21 20 11 7 5

1.7 (m) 35 30 11 9 -2 -8 -9

-6

* 230,000+91,000=321,000m3/
* [ 1]   321,000/24 ( ) x 1.9= 25,400 m3/

                          [ 2]  321,000/24 ( ) x 1.5= 20,000 m3/
  [ 3]  321,000/24 ( ) x 1.7= 22,700 m3/

*
1.9 1.7

1.5
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(4)

WASA T/R
38 86,000m3 13 T/R

46,000 m3 -7

-7  

3,000m3 1,000 m3

230m3

T/R
) 1 2 3 6

c

(5)



A-125

3

WASA
WASA A-34

Technical Note

3-2-2-3 (2)-5)
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a.

(1) 800mm :

 30 TR

   (m3/hr)   (hour) (m3/hr) (kg/cm2) (HWL 6m)  

14-Aug 12 0 921 1 12,200 2.0 5.3 16

30 2,372 5 2.0

13 0 1,568 5 1.3 7,000 2.0 4.6 16

  30 394 

 14 0 436   0  3,500 0 4.4 16

  30 452      

 15 0 442  0  3,600 0 4.7 16 

  30 490    

 16 0 510  0  4,000 0 5.0 16 

  30 588 

 17 0 652  0  7,800 0 5.3 18 

30 1,054 1

18 0 2,767 6 18,000 3.0 5.5 23

30 2,608 6 3.0

19 0 2,480 6 17,000 3.0 4.4 23

30 2,486 5 2.3 2.4

 20 0 686  0  3,200 0 3.5 23 

  30 492 

 21 0 562  0  4,000 0 3.9 23 

  30 594 

 22 0 640  0  4,000 0 4.6 23

  30 644 

 23 0 650  0  3,800 0 4.9 12 

  30 652 

15-Aug 0 0 514  0  4,000 0 4.9 12 

  30 636      

 1 0 642  0  4,000 0.0 4.9 12 

  30 634    

 2 0 634  0  4,000 0 4.9 12 

  30 636    

 3 0 654  0  4,000 0 4.9 12 
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  30 648 

 4 0 678  0  9,000 0 5.3 22 

30 1,246 1

5 0 2,786 6 17,200 3.1 5.5 22

30 2,688 6 3.1

6 0 2,610 6 17,900 3.0 4.4 22

30 2,748 6 2.3 3.0

 7 0 462  0  0 3.3 22

  30 -68

2,200

 8 0 -104  0   14,000 0 3.9 22 

  30 8    

 9 0 143  0  1,800 0 3.9 18 

16-Aug 9 30 10 

 10 0 128  0  3,700 0 4.6 18

  30 334 

 11 0 418  0  4,400 0 5.0 18 

  30 442 

1  Total 22,334 m3/day  5.9 163,000 

T.F=3.0 9931 m3/hr T.F=2.6 6,792 =4.5

TR
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 30  TR 

   (m3/hr)   (hour) (m3/hr) (kg/cm2) (HWL 6m)

17-Aug-03 16 0 228 4,200 0 5.0 16

  30 268 

 17 0 298 7,000 0 5.3 16 

30 526 1

18 0 838 6 17,100 3.0 5.3 23

30 830 6

19 0 818 6 17,700 3.0 4.1 23

30 726 5 2.3 2.4

 20 0 206    3,200 0 3.3 23 

  30 232    

 21 0 216    3,300 0 4.4 23

  30 228    

 22 0 230    4,000 0 4.9 23

  30 252    

 23 0 276    4,000 0 4.9 12

  30 280    

17-Aug-03 0 0 276    4,000 0 4.9 12

  30 262    

 1 0 254    4,000 0 4.9 12

  30 254    

 2 0 256    4,000 0 4.9 12

  30 250    

 3 0 256    4,000 0 4.9 12

  30 236    

 4 0 238    9,200 0 5.0 16
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30 406 1

17Aug03 

5 0 826 6 16,900 3.2 5.2 22

30 616 6

6 0 770 6 16,500 3.0 4.3 22

30 798 6

7 0 660 6 2.5 800 3.0 3.0 22

  30 126       

 8 0 132    1,000 0 3.7 16

  30 132       

 9 0 184    1,900 0 4.3 16

  30 280       

 10 0 372    3,700 0 4.9 16

  30 364       

 11 0 330    4,600 0 5.2 16

  30 324        

12 0 444 1 12,500 2.0 5.3 16

30 740 5

13 0 472 3 1.3 6,600 2.6 4.6 16

  30 206        

 14 0 246    3,500 0 4.4 16

  30 258        

 15 0 274    3,500 0 4.7 16

  30 280     

Total 8,987 m3/day  6.1 1157,200

 374 m3/h   11,229 =4.5

    TR 3.0m
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c.

 No. 
No. 

MG MG MG m3

W-01 Civil Line Bagh-e-Jinnah 0.05 0.1 0.15 682  × 

W-02 Gujjiar Basti 0.05 0.15 0.2 909 A/M NO.7 × 

W-03 Dhobi Ghat 0.03 0.1 0.13 591  × 

W-04 Muhammad Pura 0.1 0.1 0.2 909 A/M NO.9 × 

W-05 Jinnah Colony 0.05 0.13 0.18 818 A/M NO.10 × 

W-06 Karkhana Bazar 0.05 0.03 0.08 364  × 

W-07 Gulberg 0.05 0.2 0.25 1,137 A/M NO.11 × 

W-08 Afghan Abad 0.2 0 0.2 909 A/M NO.11 × 

W-09 G.M.Abad Water Works 0 0.5 0.5 2,273 A/M NO.14,16 × 

W-10 Latif Chowk/Chohar Majra 0.05 0.2 0.25 1,137 A/M NO.17 × 

W-11 Admn Chowk 0.05 0 0.05 227 A/M NO.9 

W-12 Kanak Basti 0.025 0 0.025 114 A/M NO.13 × 

W-13 Islam Nagar 0.1 0 0.1 455  × 

W-14 Jhang Bazar 0.05 0 0.05 227  × 

W-15 212 R.B./Chamra Mandi 0.05 0.2 0.25 1,137 A/M NO.51 

W-16 213 R.B. 0.05 0 0.05 227  × 

W-17 Amin Pur Bazar 0 0.05 0.05 227  × 

W-18 Gulistan Colony 0.5 1 1.5 6,819 A/M NO.2 

W-19 Gulistan Colony- 0.05 0.2 0.25 1,137  × 

W-20 Nazim Abad 0.05 0.1 0.15 682  × 

W-N1 Kaleem haheed Colony No.1 0.04 0.05 0.09 409 A/M NO.18 × 

W-N2 Kaleem haheed Colony No.2 0.04 0.05 0.09 409 A/M NO.18 × 

W-21 Gulfishan Colony 0.1 0.05 0.15 682

MG 1.735 3.21 4.945

m3 7,887 114,593 22,480

MG 0.70 1.25 1.95 

m3 3,182 5,683 8,865   
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 No. 
No. 

MG MG MG m3

E-01 Abdullah Pur 0.05 0 0.05 227 A/M NO.40 × 

E-02 Peples Colony OHR-1 0.05 0.2 0.25 1,137 A/M NO.43,45 

E-03 Peples Colony OHR-2 0.05 0 0.05 227 A/M NO.63 × 

E-04 Head Water Works Jhal 0.05 1.2 1.25 5,683 A/M NO.32 

E-05 Waris Pura 0.05 0.1 0.15 682 A/M NO.70 

E-06 Baber Chowk / Batala Col. 0.05 0.1 0.15 682 A/M NO.70 

E-07 Allama Iqubal Colony OHR +W.W. 0.1 0.2 0.3 1,364
Tube Well 

(106,106/A) 

E-08 D-Type Colony 0.05 0 0.05 227
Tube Well 

(106,106/A) 

E-09 Ahamed Nagar 0.03 0.05 0.08 364

E-10 Samanabad (Qadri Chowk) 0.03 0 0.03 136 A/M NO.49 × 

E-11 Samanabad (OHR No ) 0.05 0 0.05 227 A/M NO.67 × 

E-12 OHR 17-W 0.5 0.25 0.75 3,410 A/M NO.50 

E-13 Madina Town- 0.1 0 0.1 455
Tube Well 

(1,2,3,4,5) 

×

E-14 Madina Town- 0.1 0 0.1 455
Tube Well 

(1,2,3,4,5) 

MG 1.26 2.1 3.36 15,275   

MG 0.90 2.05 2.95    

m3 4,091 9,319 13,411   

MG 3.00 5.31 8.3 

m3 13,615 24,139 37,755 

   

m3    22,300 230,000 (m3/d)

m3 24,000 

m3    46,300 4.8 ( )
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1) WASA

WASA 3-3

WASA

T/R

WASA
  a. (1) ( 49) No. 5 3,500 m 
  b. (2) No. 5 1,200mm 4,400 m 
  c. (3) T/R 1,200mm 2,500 m 

1/3
280,000 m3/day 1/3 93,000 m3/day

40,000 m /day
WASA

WASA
WASA

2)
-1 WASA 3

3 3
10km

1)
WASA 1kg/cm2 1.5k/cm2

(1) (4)
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4 -2
(1) (4) 6km

-1

1

700mm, 

L=3.5km

NO47 1.6kgf/cm2

NO70 0.4kgf/cm2

2

700mm-800mm

L=4.4km

NO47 0.5kgf/cm2

NO70 -0.4kgf/cm2

1

3

800mm,L=2.5km NO47 0.4kgf/cm2

NO70 -0.5kgf/cm2

1

2/ 3

700mm-800mm

L=10.4 km

NO47 1.6-1.8kgf/cm2

NO70 -0.4-0.5kgf/cm2

1 1 2

3

1

800mm

700mm L=6km

NO47 1.5kgf/cm2

NO70 1.3kgf/ cm2

1

NO70
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-2
NO

NO102 NO5 NO18 NO29 NO34 NO51 NO47 NO70  

1600mm

1 1

1

 5 5 2 5

1

0.7
28 20 22 17 16 8 7 4

2 (1

)

        

37 26 28 22 21 1 3 -6

1

700,L=3.5km
37 25 28 23 21 11 16 4

3

800,L=2.5km
40 27 29 24 22 5 4 -5

1+ 3

 ( 700- 800,L=5.7km)
38 26 29 26 22 12 17 4

W

A

S

A

1+ 2

( 700- 800,L=7.6km 37 28 29 26 23 14 18 5

4 =

(= 1

800- 700, L=6km

37 28 22 22 21 11 15 13

TR

( 1,000, L=11km) 

39 32 32 31 28 20 29 
15
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1998

WASA
5km 2

2

1 2
( )

2
4 2003 1

WASA

1 ( )
5km 2
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1992
(29 )

18 -1

 2002 12 18 12 24
WASA

 2002 12 24 27

10%
-1

-1

1 10 100 1,121 5,670
2 8 100 904 7,400

18 200 2,025 13,070
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( )

GFD Group Focus Discussion
18

GFD
GFD

18 2

1)
63%

71%
9.5% 9.0% 6.5% 72%

52.5% 1 12
13.5% 25

28% 21.8%
95.2%

74% Rs40,000 ( 80,000 )
200 7 30

90.12% 95.06%
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18 5 10% 20%
13 80% 100%

80% 100%
80% 90%

41.5% 88.6%
36.0% 4.7%

2)

4 Khokhar Wainse Ansari
Sehdhan

82.0%
83.0%

9.5% 7.5%

87.5%
73%

27%

1992 ADB

-2

-2
%

136 68.0 
28 14.0 
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5 2.5 
19 9.5 
7 3.5 
5 2.5 

200 100 

68.0% 32%
14.0% 2.5% 9.5%

3.5% 2.5%

ADB 1992

96.5% 3%
0.5%

-3

-3
%

43 21.5 
39 19.5 
45 22.5 
23 11.5 
11 5.5 
39 19.5 

200 100.0 

58% 21.5% 19.5%
11.5% 5.5%

WASA
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WASA ADB
WASA

-4

-4
%

17 8.5 

25 12.5 

WASA
129 64.5 

29 14.5 
200 100 

WASA

WASA 2
WASA

WASA

2002 12 23
2 100

WASA
-5
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-5

12-23 

12-24 WASA WASA

2002

12-31 2

WASA

1-8  WASA

1-18 3 ( ) WASA
1 2

WASA

1-20 3 3

WASA

1-22

WASA
1-22

22

2003

1-24 EAD
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1.

36m2 9

2.

9 3
-1

A. : 9
B. : 3

9 220
-1

-1
 / %

1 1/R.B  (Rasool Pur) 3,527 490 11 5.0
2 2/R.B  (Ram Dewali) 4,713 733 14 6.4
3 26/R.B (Hargobind Pura) 10,654 749 24 10.9
4 46/R.B  (Dhandra) 3,936 573 13 5.9
5 47/R.B   3,441 467 20 9.1
6 49/R.B  (Munda Pind) 10,892 2.133 58 26.3
7 50/R.B  (Sathyala) 8,463 1,783 48 21.8
8 104/R.B (Harmoay) 5,212 740 18 8.2
9 112/R.B (Kharral Wala) 3,639 542 14 6.4

54,477 8,210 220 100.0

3
82 3

-2



N

Chak No.112

Chak No.1

Chak No.2

Chak No.46

Chak No.47

Chak No.49

Chak No.50

Chak No.26
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-2
 (%) 

Gulistan Colony 34 41.5 
Hajvery Town 24 29.3 
People’s Colony 24 29.3 

80 100.0 

9 3
20 320

2

3-1. A.

(1)
83.1% 21 60 81.4%

74.1% 7.7% (18.2%)

(2)
92.2% 4 15

60.9%
4

(3)
60.9% Rs5,000

64.6% Rs5,000
81.8% 36.4%

3 (31.0%) -3 4 5
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-3
 (%) 

Rs 3,000 86 39.1 
Rs 3,001 – 5,000 70 31.8 
Rs 5,001 – 10,000 53 24.1 
Rs 10,001 – 15,000 9 4.1 
Rs 15,001 – 20,000 2 0.9 

220 100.0 

-4
 (%) 

Rs 3,000 73 33.2 
Rs 3,001 – 5,000 69 31.4 
Rs 5,001 – 10,000 54 24.5 
Rs 10,001 – 15,000 16 7.3 
Rs 15,001 – 20,000 4 1.8 
Rs 20,000 4 1.8 

220 100.0 

-5
 (%) 

180 81.8 
80 36.4 
10 4.5 

/ 21 9.5 
58 26.4 

(4)  / 
61.8% 5 10acres(0.02 0.04km2)

83.6% 2 (18.6%)

74.1% 2 3

(5)

75%
(74.5%)

67.7%
4 39.5



A-150

(6)
48.6%

41.8% ( -6 ) 80.9%
( -7 )

-6
 (%) 

92 41.8 
 ( ) 107 48.6 

5 2.3 
204 92.7 

-7
 (%) 

163 74.1 
15 6.8 
21 9.5 
12 5.5 
211 95.9 

(7)
95.0% 61.4%

10%

(8)

( -8
) (46.4%) (43.6%)

-8
 (%) 

22 10.0 
85 38.6 
48 21.8 
36 16.4 
5 2.3 

24 10.9 
220 100.0 
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(9)
83.6% (70.9%)

2 (20.9%)

-9
 (%) 

156 70.9 
10 4.5 
46 20.9 
8 3.6 

220 100.0 

3 (35.4%)
2 (19.5 )

41.8%

(10)

(11)

-10
 (%)

207 94.1 
198 90.0 
191 86.8 
169 76.8 
187 85.0 
116 71.4 
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(12)

3-2 . B.

(1)

(2)
(53.7%)

-11
WASA

-11 
 (%) 

38 46.3 
44 53.7 
6 7.3 

56 68.3 
22 26.9 
60 73.1 
43 52.5 
39 47.5 
21 25.6 
61 74.4 
27 32.9 
55 67.1 
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4.

(1)
/

(2)

(PLC/Project Liaison Committee)

PLC

(3)
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(2004 3 1 )
1.

1)   1/4" 2-1/2Marla( ) 60m2 72Rs 
    2-1/2 ~ 3-1/2 Marla 88.5 m2 108 
   ( 1/4" 3-1/2 ~ 5 Marla 126.5 m2 126 
   5 5 ~ 7 Marla 177 m2 210 
    7 10 Marla 250 m2 210 
     20 Marla 500 m2 280 
    40 Marla 1,000m2 560 
    >=40 Marla  840 
        
    1 Marla=272 ft2=25.3 m2   
    1 Kanal = 20 Marla    
    1 acre = 8 Kanal    
2)     1,000 =/4.55 m3

    5,000 / 22.75m3/ 34Rs 
    5,000 10,000/  22.75 45.5m3 35 
    >10,000 /  >45.5 m3/  42 
        
3)  1/4" 3 Marla 76 m2 280Rs 
    3< <= 6 Marla 76  150 m2 420 
    6< <=10 150 250 m2 700 
    10Marla< <1 Kanal 250 500 m2 1,120 
    1 Kanal  <2 Kanal 500 1,000 m2 2,100 
    >=2 Kanal 1,000 m2 2,800 
        
4)   1,000  4.55 m3  46.5 
        
    6
    3
    15%    
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5)  1/4" <10 Marla <250 m2 700 
    10<=  <20 Marla  1,120 
    20 Marla<=   1.000 m2<= 1,960 
        
6)   3/4"  2,100Rs/
    1"  2,800 
    1-1/2"  8,400 
    2"  16,800 
    3"  42,000 
    4"  84,000 
    6"  280,000 
        
    6"
    6"  x d x d x 4 (d=  ft    
        
7) 70%
        
8)     

11,200
Rs/cusec=
1.7m3/min

  9,100Rs 
     

2.

1)   2-1/2Marla( )  60m2 42Rs 
  2-1/2 ~ 3-1/2 Marla 88.5 m2 56 
  3-1/2 ~ 5 Marla 126.5 m2 105 
  5 ~ 7 Marla 177.1 m2 175 
   10 Marla 250 m2 210 

 20 Marla 500 m2 350 
40 Marla 1,000m2 490 

  >=40 Marla  770 
      
  3 33.33%    
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2) 70%
     

3)  105Rs 
/ / / / 1  70 

/ / / 1  70 

/ / / 1 50

1  1,260 
 170 

/ / / 1  50 
1000ft2=92.9m2 350 

1000ft2=92.9m2  175 
1000ft2=92.9m2 252 

1000ft2=92.9m2  252 
1acre=4,047m2  2,800 

   
   /1 2

4)  3.0Rs/
 1.5 

   
5) 1cusec=1.7m3/min  40,600Rs/
   

3.

1)  1/4"  420Rs 
1/2"  2,800 

   
2)  280Rs 

 700 
 2.800 

   
3)
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